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Abstract 

Microplastic pollution in fish is a growing concern worldwide due to its implication for 

human health. Microplastic contaminations and impacts were investigated in 15 wild-caught 

commercially important dolphinfish (Coryphaena hippurus L.) from the Eastern Pacific Ocean 

waters. 1741 suspected particles were extracted from gills, esophagus, stomachs, intestinal tracts, 

and muscle of C. hippurus. Only 139 of them were identified as microplastics by microscopic 

inspections and micro-Raman spectroscopic analysis. 10, 34, 51, 35, and 9 out of these 139 

microplastic particles were extracted from the gill, esophagus, stomach, intestinal tract, and muscle 

respectively. Overall, microplastics were detected in 15 out of 15 fish (100%), with ~9.3 pieces 

per individual on average. The prevalence and high incidence of occurrence of microplastics in the 

C. hippurus suggest that this pelagic species are at high risk of exposure to microplastic pollutions. 

The chemical composition of microplastics was made of polyester (PES, 46.8%), polyethylene 

terephthalate (PET, 38.1%), polypropylene (PP, 7.9%), polystyrene (PS, 5.0%), polyethylene-

polypropylene copolymer (PE-PP, 1.4%), and polyethylene (PE, 0.7%). 36.7% and 13.7% of 

microplastics in the fish were 1-2.5 mm and 2.5-5 mm, respectively. Microplastics of 0.1-0.5 mm 

and 0.5-1 mm roughly shared equally the remaining 50%. Molecular docking results implied that 

interaction of the four dominant microplastic polymers (PES, PET, PP, and PS) with cytochrome 

P450 17A1 would lead to impairment of the reproductive function of C. hippurus. The findings 

provide insights on the harms from microplastic exposure, along with quantitative information of 

occurrence, abundance, and distribution of microplastics in the fish tissues, which will ultimately 

improve understanding of bioavailability and hazards of microplastics to the organisms and 

beyond to human via food chain transfer.  

Keywords：  microplastic pollution; abundance; C. hippurus; tissue-specific; Eastern Pacific 
Ocean; molecular docking  
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1. Introduction 

As plastic offers extraordinary benefits to human beings, global plastic production has 

increased by more than two orders of magnitude from 2 million tonnes (Mt) in 1950 to nearly 368 

Mt in 2019 (PlasticsEurope, 2021). The growing demands and consumptions of plastics, cheapness, 

and persistence of plastic products, as well as frequent inappropriate management of plastic debris, 

collectively lead to mountains of plastics waste worldwide, posing unprecedented environmental 

and health risks.  27 Mt of plastics waste was produced in 192 coastal countries in 2010 alone, of 

which 4.8 to 12.7 Mt ended up in the ocean (Jambeck et al., 2015). This figure is projected to climb 

up by an order of magnitude by 2025 (Jambeck et al., 2015). The tremendous flow of land-based 

plastics into the ocean, the terminus of majority plastics debris (Eriksen et al., 2014), is expected 

to have harm marine life (Azevedo-Santos et al., 2019). The large plastic pieces are progressively 

degraded into microplastics (<5 mm in size) (Moore, 2008) or nano-plastics (<100 nm) (EFSA 

Panel on Contaminants in the Food Chain, 2016), which would persist and accumulate in the 

environment for an extended time. The microplastics and nano-plastics can then be directly or 

indirectly ingested by diverse marine species (Baalkhuyur et al., 2018; Peters et al., 2017), and 

transferred through different trophic levels in the food web (Hanachi et al., 2019). Once 

accumulated among the vulnerable marine species, microplastics or nano-plastics would cause 

physical blocking in the digestive tracts, physiological disorders, osmoregulation, and 

reproductive abnormity (Cole et al., 2015; Wang et al., 2019; Watts et al., 2016).  

 Coryphaena hippurus (Linnaeus, 1758) is a highly migratory and commercially valuable fish 

that is typically found in tropical and subtropical waters of the Atlantic, Indian, and Pacific Oceans 

(Garcia, 1994). It comprises a large proportion of bycatch species from longline and purse-seine 

tuna fisheries in the Eastern Pacific Ocean (Inter-American Tropical Tuna Commission, 1999). C. 
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hippurus is a large predator at the top of the marine food webs, which feeds on a wide range of 

fish and plankton, but mainly depends on the crustaceans and squids (Eschmeyer and Herald, 

1999). As a result, C. hippurus is susceptible to accumulation of microplastics through food chain 

transfer, therefore, poses a potential threat to human health. As a globe-spanning species of high 

economic and ecological value, C. hippurus has been broadly employed as a model fish for 

investigating the negative impacts of environmental perturbations (Stieglitz et al., 2018), such as 

oil spills (Esbaugh et al., 2016; Mager et al., 2014; Pasparakis et al., 2016) and climate change 

(Bignami et al., 2014) in the ocean. However, only a limited number of earlier studies reported the 

occurrence of plastics in the C. hippurus. For instance, the largest ever recorded macroplastics 

debris (99.57 cm2 and 12.77 g) was ingested and detected in the stomach of C. hippurus (Menezes 

et al., 2019). Microplastics were also found in the gastrointestinal tracts of C. hippurus in the 

western Mediterranean Sea (2.6 items/specimen) (Schirinzi et al., 2020). Currently, there is a lack 

of information on the occurrence of plastics in the C. hippurus in the Eastern Pacific Ocean. The 

outstanding questions include (1) Does the concentration of microplastics differ between different 

tissues of C. hippurus in the Eastern Pacific Ocean? (2) What are the predictive implications of 

microplastic pollution in the C. hippurus for fish health? 

Eriksen et al. (2014) used existing observational data to establish a hydrodynamic model 

predicting the distribution of ocean microplastics. The result showed that the concentration of 

microplastics is 0-5 pieces km-2 (Eriksen et al., 2014), which is consistent with what Law et al. 

(2014) found in the eastern Pacific (Law et al., 2014). Alfaro-Núñez et al. (2021) revealed that the 

concentration of microplastics in the tropical eastern Pacific is between 0.15 and 0.46 pieces m-3 

(Alfaro-Núñez et al., 2021). For the microplastic pollution in the marine organisms in the Pacific, 

it was reported that 6 of 292 planktonivorous fishes in the Southeast Pacific contained 
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microplastics (Ory et al., 2018). The prior findings suggested the ubiquity of microplastic pollution 

in either waters or organisms from the East Pacific Ocean. To address the aforementioned 

questions, this present study aims to reveal the frequency of occurrences of microplastics in 

different tissues of wild-caught C. hippurus from the Eastern Pacific Ocean, including gill, 

esophagus, stomach, intestinal tract, and muscle. The abundance, shape, color, size distribution, 

and chemical composition of the detected microplastics in different tissues of C. hippurus were 

recorded. Molecular docking was applied to predict the potential toxicological harms of 

microplastics to the reproduction and development of the fish. The outcomes of the present study 

provide quantitative information of occurrence, abundance, and distribution of microplastics in the 

fish tissues, which will improve understanding of the bioaccessibility and bioavailability of 

microplastics to aquatic organisms. Such knowledge is essential for determining the risks and 

hazards linked to exposure to marine microplastics. 

2. Field observations 

2.1 Study site, sample collection, and dissection  
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Figure 1 Sampling site of the wild-caught C. hippurus in the eastern Pacific Ocean. 

A total of 15 adult C. hippurus (fork length (±SD) = 83.83 ± 13.30 cm, weight (±SD) = 4.02 

± 1.28 kg) were opportunistically caught by longlines using a fishing vessel (40 m × 7 m, 300 tons) 

from the Eastern Pacific Ocean (5-12°S, 120-140°W, Figure 1) between March 2020 and May 

2020. Drifting pelagic longlines were used to catch C. hippurus. The longline contained a mainline 

of 920 m long between two adjacent buoys. It was suspended in the water column by float lines 

(25 m long each) that carried the float. Baited hooks were attached to the longline by short branch 
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lines called gangions (22 m long each) that hang off the mainline. The fishing operation consisted 

of the activity from the start of the setting of the longlines to the final haul back of the gear, 

followed by the collection and storage of the catch. The setting and haul back operations involved 

5 crew members. The gears with 3767 hooks were deployed using a line setter at a mean mainline 

launch speed of 5.5 m s-1 and an average vessel speed of 7.5 knots. The setting operation started 

at 4 am and finished at 10 am. Afterwards, the lines were hauled back using a line hauler. The haul 

back was carried out at 1 pm and ended at 3 am the next day. The duration of the haul back 

operation was ~14 h. The fishing vessel have holds with a freezing capacity up to -60 °C. The 

entire fish were sampled and brought on board and retained without damages. Subsequently, the 

fish were cleaned thoroughly by flushing the external with seawater and wrapped with aluminum 

foil, and then taken to the freezer tunnels for storage until dissection and examination in the lab. 

Before dissection, each aluminum foil-covered fish was thawed overnight at room temperature. 

To prevent contamination, the dissection was performed under the hood in a cleanroom. The 

exterior of C. hippurus was thoroughly rinsed using Milli-Q water and then placed on a clean iron 

plate. Each fish was weighted to the nearest 0.01 kg and measured for fork length to the nearest 1 

cm. Sections of different tissues of each fish, including gill, esophagus, stomach, intestinal tract, 

and muscle, were extracted using clean dissection tools (scissors and forceps). The weight of 

tissues was measured using an electronic weighing balance (SB-B50002, Shengbo, China). 

2.2 Sample treatment   

Tissues were placed into 1 L glass beakers in 1:4 (w/v) with 10 % KOH (Potassium 

Hydroxide AR, Xilong Scientific Co., Ltd., China). After covering the opening of the beakers with 

aluminum foil, the solutions were incubated at 75 °C in a temperature-controlled water bath 

overnight to ensure thorough digestion of the tissues. After that, the mixture in the beaker was 
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transferred to a 1 L glass separatory funnel for density isolation. An equal volume of saturated 

NaCl solution (~300 g L−1, Sodium Chloride AR, Xilong Scientific Co., Ltd., China) was added 

to the funnel. After overnight separation, the supernatant was filtered through a glass fiber filter 

(GF/F Whatman, GE Healthcare, United States, 47 mm diameter and 0.7 μm pore size) using a 

vacuum pump. The funnel was rinsed several times with Milli-Q water and the solution was poured 

through the glass fiber filter. Residues in the filter were placed in a clean petri dish covered with a 

glass lid and air-dried overnight for further analysis. 

2.3 Microscopic observations and micro-Raman spectroscopic analysis 

All the suspected solids in the filter were inspected visually using a stereo light microscope 

(Leica M205A, Germany) coupled with a Leica DFC425 charge-coupled device (CCD) camera. 

The chemical composition was further identified by a Senterra II Compact Raman Microscope 

(Bruker Optics Inc., Billerica, MA, United States) coupled with an optical microscope with 

grafting of 1200 lines/mm using the 50 × objective (Infinity, USA). The laser (λ = 785 nm) of 1-

60 mW was used to excite the MPs particles with signal acquisition times of 10-60 s per 

measurement. The Raman spectral resolution and ranges were set as 3-5 cm-1 and 400-4000 cm-1, 

respectively. The Raman spectra were obtained and evaluated with the in-built reference spectra 

library provided by Bruker Optics Inc. (Bruker/Merck FT-Raman library of organic and inorganic 

compounds) to identify the polymer composition of the sample using OPUS 7.8 software (OPUS 

software Inc., San Rafael, CA, United States). The Raman spectra matching with inbuilt reference 

spectra with a similarity percentage of >70% were counted as the polymer of interest. 

The number, shape, size, and color for all suspected particles (1741) from all the samples 

were visually inspected using the microscope. The total number of suspected particles was counted 

visually with the aid of the microscope. The final quantity of microplastics were identified by 
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Raman Microscope as aforementioned. Six different morphologies were characterized. The shapes 

of samples were classified as fragment, line, grain, fiber, film, and foam. The colors of samples 

were fallen into transparent, white, black, pink, brown, purple, gray, red, yellow, blue, and green. 

The particle sizes of samples were divided into 0.3-0.5 mm, 0.5-1.0 mm, 1.0-2.5 mm, and 2.5-5.0 

mm. 

2.4 Data quality assurance 

All treatment procedure was performed under the fume hood, and all glassware and 

laboratory tools were rinsed three times with Milli-Q water before use. Cotton laboratory coats, 

masks, and nitrile gloves were used during the entire sampling and experiment procedures. 

Reagents used for sample digestion and density separation (KOH and NaCl) were filtered through 

GF/A cellulose nitrate membrane filters (pore size = 1.6 mm & diameter = 47 mm) to remove any 

impurities. Fish samples were wrapped with aluminum immediately after the collection. During 

the sample drying process, the samples were placed in the glass Petri dishes with covers. The 

covered dishes were put under the hood to prevent possible airborne contaminations. 

2.5 Molecular docking 

Molecular docking is an established in silico structure-based method widely applied in drug 

discovery to predict a preferred orientation (pose) of a given molecule to a target macromolecule 

and to score the strength of the established binding interactions (Kitchen et al., 2004). This 

technique is gaining popularity recently in the field of predictive toxicology. It provides a robust 

alternative solution to reduce the demand for animal tests by making sophisticated estimates of a 

substance’s likelihood of being hazardous (Bora et al., 2019). 
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The ChemDraw 10.0 program was used for drawing, displaying, and characterizing the 

chemical structures of the four predominant microplastics in the C. hippurus including polyester 

(PES), polyethylene terephthalate (PET), polypropylene (PP), and polystyrene (PS). The 

optimized 3D structures were saved as the pdb files for the molecular docking preparation by 

AutoDock Tools. In the present study, the differentially expressed genes (DEGs) were searched 

on the reproductive axis of female marine medaka exposed to microplastics (Wang et al., 2021) 

and human tests with non-obstructive azoospermia (NOA) (Okada et al., 2008) . We converted the 

genes expressed in marine medaka into human homologousgenes to reveal the relationship 

between exposure to microplastics and azoospermiain offspring. Finally, differential expression of 

Cytochrome P450 17 alpha hydroxylase/17,20 lyase (P450 17A1) was observed in both two sets 

of experimental data. P450 17A1 within the steroid hormone biosynthetic pathway was highlighted 

as an endocrine disruptors target (Clark and Cochrum, 2007), and thus it was selected as the target 

receptor for molecular docking study. The X-ray 3D structure of fish cytochrome P450 17A1 (PDB 

ID: 4R1Z) was downloaded from the Protein Data Bank PDB (https://www.rcsb.org/structure). 

PyMol protein viewer tool (http://www.pymol.org) was used for structural analysis and 

visualization of the protein. AutoDock Tools 4.2.6 (http://autodock.scripps.edu) was used to 

perform the molecular docking of four microplastic polymers with fish cytochrome P450 17A1. 

Before molecular docking, the protein receptor molecules obtained from the PDB database were 

subject to a treatment process of the removal of ligands, metal ions, and water molecules as well 

as the addition of polar hydrogen and point of charge. The binding pocket was exposed by this 

treatment process (Wang et al., 2017). Herein, we used an algorithm based on the Lamarckian 

Genetic Algorithm (LGA), with a maximum of 2,500,000 energy evaluations as the search criteria. 

 

https://www.rcsb.org/structure
http://www.pymol.org/
http://autodock.scripps.edu/
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2.6 Statistical analysis 

The Pearson's correlation coefficient was used for analyzing the correlation between 

different components (Erkan et al., 2021), while the Pearson’s chi-squared test was applied to test 

whether significant differences in microplastic contamination existed in male and female C. 

hippurus. The p value was used for characterizing the significance of the correlation between 

different components. When 0.01<p<0.05, the differences are considered to be statistically 

significant, while 0<p<0.01, it is considered that the two have extraordinarily significant 

differences. In addition, when p>0.05, there were no significant differences. The Pearson’s 

correlation analysis in this study was performed using the R Project for Statistical Computing 

Version 4.04 (https://www.r-project.org/). The “cor” command was used for analyzing the 

correlation, while the “cor.test” command was used for performing the significance test. The 

“chisq.test” command was used for analyzing the impact of gender on microplastic pollution. The 

three commands were completed by the R software's own commands.  

3. Results and discussion 

3.1 Microplastic pollution in the C. hippurus 
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Figure 2 Number of microplastic versus non-plastic items in different tissues of all 15   
               collected C. hippurus. 
 

Table 1 Characteristics of C. hippurus and microplastic abundance in tissues of the fish 

Fish I.D. 
Wet 

weight 
(kg) 

Fork 
length 
(cm) 

Abundance of MPs (items g-1) 

gill esophagus  stomach intestinal
 tract muscle 

C.hippurus-1 3.88 75 0.0119  0  0  0  0 
C.hippurus-2 3.89 79 0  0.0266  0  0  0  
C.hippurus-3 2.07 67 0  0.0571  0  0  0  
C.hippurus-4 4.77 90 0  0  0.0179  0  0 
C.hippurus-5 5.87 112 0  0.0227  0  0  0  
C.hippurus-6 4.97 87 0.0229  0  0  0  0  
C.hippurus-7 4.00 97 0  0.0241  0  0  0  
C.hippurus-8 2.92 86 0  0.0463  0.0470  0.0092  0.0045  
C.hippurus-9 3.4 85 0  0.0225  0.0711  0.0639  0.0096  
C.hippurus-10 4.9 88 0.0236  0  0.0079  0.0185  0.0046  
C.hippurus-11 6.26 97.5 0.0205  0.0818  0.0923  0.0695  0  
C.hippurus-12 4.96 89 0.0278  0.0664  0.1403  0.0108  0 
C.hippurus-13 2.37 66 0.0758  0.2991  0.1026  0.0102  0  
C.hippurus-14 2.29 62 0.0448  0.0874  0.0721  0.0312  0.0101  
C.hippurus-15 3.69 77 0.0465  0.1057  0.0358  0.0083  0.0150  

Mean ± SD 
4.02± 
1.28  

83.83±
13.30 

0.0183± 
0.0229 

0.0560± 
0.0756 

0.0391±
0.0462 

0.0148± 
0.0229 

0.0029
±0.005 
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Table 2 Statistical analysis results of microplastics and fork length and weight  

Measure 
Number of microplastics  

(items ind-1) 
Abundance of microplastics 

(items g-1) 
Pearson’s correlation p values Pearson’s correlation p values 

Weight 0.064 0.821 -0.364 0.182 
Fork length -0.102 0.716 -0.438 0.100 

 

The wet weight and fork length intervals of C. hippurus ranged from 2.07 to 6.26 kg and 

from 62 to 112 cm, respectively (Table 1). The mean (±SD) wet weight and a fork length of 15 

analyzed C. hippurus were 4.02±1.28 kg and 83.83±13.30 cm, respectively (Table 1). There 

were no clear links between body size (represented by fork length and wet weight of fishes) and 

the abundance of microplastics (Table 1). Thus, this result suggested that the accumulation of 

microplastics in the C. hippurus did not increase with body size (weight or fork length). We also 

analyzed the Pearson’s correlation between microplastics in individual fish and fork length and 

weight, and found that there was no significant correlation between microplastics and fork 

length/weight (p>0.05, Table 2). The Pearson's chi-squared test was used for assessing whether 

there were significant differences in the microplastic content in the fish and the sex of the fish. The 

results showed that the Pearson’s chi-squared test coefficient (χ2) was 3.806, and the p value was 

0.802, suggesting no significant differences in the microplastic contamination irrespective of 

different sexes. Overall, Table 1 indicated that microplastics were detected in 15 out of 15 wild-

caught C. hippurus (100%), with a mean abundance of ~9.3 items fish-1 and up to 31 items per 

individual, regardless of fish age as indicated by fish fork length. Compared with riverine fish 

(McNeish et al., 2018), a relatively lower level of microplastics was found in the C. hippurus in 

the present study despite that C. hippurus is at the top of the food web. This result may be due to 

the geographic location and nature of the living habitat of C. hippurus. It was found that the 

incidence of ingestion of microplastics by fish decreases with distance from the land (Steer et al., 
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2017). The pelagic species (e.g., C. hippurus)  live in the open sea that is far away from the point 

of sources of land-based microplastics and has a higher water volume to surface water area ratio 

(McNeish et al., 2018).  

The tissue (gill, esophagus, stomach, intestinal tract, and muscle)-specific distribution of 

microplastics were measured for the wild-harvested dolphinfish C. hippurus. A total of 1741 pieces 

of suspected items were extracted from the tissues of 15 C. hippurus and subsequently examined 

by micro-Raman spectroscopy. Among the total 139 verified microplastic items, 10 were found in 

the gill, 34 in the esophagus, 51 in the stomach, 35 in the intestinal tract, and 9 in the muscle (c.f. 

Figure 2). Statistically, 7.2% of microplastics were detected in the gills, 24.5% in the esophagus, 

36.7% in the stomach, 25.2% in the intestinal tract, and 6.5% in the muscle of the 15 C. hippurus, 

with mean (±SD) abundance of 0.0183 ± 0.0229, 0.0560 ± 0.0756, 0.0391 ± 0.0462, 0.0148 ± 

0.0229, and 0.0029 ± 0.005items g-1 in the gills, esophagus, stomach, intestinal tract, and muscle, 

respectively (Table 1). The lowest and highest mean abundance of microplastics were detected in 

the muscle and esophagus of the 15 C. hippurus, respectively. The average abundance of 

microplastic particles in the gills is comparable to that in the intestinal tract, which is >3 times 

smaller than that in the esophagus. Overall, 13 (13/15) fish had microplastics in the digestive tracts 

(esophagus/stomach/intestinal tract). 120 out of 139 confirmed microplastics were found in the 

digestive tracts (esophagus + stomach + intestinal tract), accounting for ~86% of the total 

microplastics in the C. hippurus. 86 of them were in the gastrointestinal tract, accounting for ~62% 

of the total. It is suggested that feeding or ingestion may be the dominating pathway for 

microplastics to enter the C. hippurus. This finding was in accordance with the consensus that 

ingestion is the main uptake route of microplastics in fish (Lusher et al., 2013; Sanchez et al., 2014; 

Su et al., 2019; Vandermeersch et al., 2015). Accordingly, most microplastics were expected to be 
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present in the digestive or gastrointestinal tract of C. hippurus after ingestion. 8 fish (8/15) had 

microplastics in the gills. Microplastic uptake by fish gill via filtering water is a non-selective and 

transient process relative to microplastic ingestion (Watts et al., 2014), which may be responsible 

for relatively limited occurrence of microplastics in the gills of C. hippurus compared with those 

in the digestive tract (Table 1). Similarly, more microplastics were found in the gastrointestinal 

tract than in gills from wild fish from the North-East Atlantic Ocean (Barboza et al., 2020). Only 

5 fish (33%) had microplastics in the muscle, averaging 0.0029 ± 0.005 items g-1  of microplastics 

in the 15 C. hippurus (c.f. Table 1) 

Table 3 Statistical analysis results of microplastics and non-plastics in fish tissues  

Tissues 

Number of microplastics  
(items ind-1) 

Abundance of microplastics 
(items g-1) 

Pearson 
correlation 

(microplastic/ 
non-plastic) 

p-Values 
(microplastic/ 
non-plastic) 

Pearson 
correlation 

(microplastic/ 
non-plastic) 

p-Values 
(microplastic/ 
non-plastic) 

Gill 0.68 5.51×10-3 0.78 1.77×10-3 
Esophagus 0.73 2.04×10-3 0.83 0.13×10-3 
Stomach 0.65 8.58×10-3 0.72 2.43×10-3 
Intestinal 

tract 0.88 1.63×10-5 0.74 1.63×10-3 

Muscle 0.86 3.97×10-5 0.83 0.14×10-3 
Total 0.86 3.87×10-5 0.83 0.13×10-3 

 

The Pearson’s correlation coefficients and p values of microplastic and non-plastic contents 

in terms of number and abundance among different tissues of C. hippurus were shown in Table 3. 

The results indicated that Pearson’s correlation coefficient of microplastic and non-plastic number 

and abundance were 0.86 and 0.83, with p = 3.87×10-5 and 0.13×10-3, respectively, suggesting 

significant differences between microplastic and non-plastic contents. The dominant particles 

found in the fish tissues were non-plastic components, which were significantly higher than 

microplastics. Similarly, for each specific fish tissue, there were significant differences in 
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microplastic and non-plastic contents regardless of number and abundance, namely, the number 

and abundance of non-plastics were significantly larger than those of microplastics in every single 

fish tissue. 

Table 4 The Pearson’s correlation coefficient and p values among tissues of C. hippurus 

 

Table 4 showed the Pearson’s correlation coefficients and p values of microplastic contents 

among different tissues of C. hippurus. There were significant differences in microplastics 

between gill and esophagus, esophagus and stomach, as well as stomach and intestine. In particular, 

the difference in microplastics between gill and esophagus is extremely significant. There were no 

statistically significant differences in microplastic contents among tissues other than those 

mentioned above.  

Regardless of the tissue-specific distribution of microplastics in the C. hippurus, the overall 

frequency of occurrence of microplastics in the C. hippurus is 100%. The prevalence and high 

incidence of occurrence of microplastics in the C. hippurus from the Eastern Pacific Ocean 

suggested that the pelagic fish species may be at high risk of exposure to microplastic pollution. 

Being a ram ventilator, C. hippurus swims in the ocean with its mouth open constantly (Stieglitz 

et al., 2018). This behavior allows C. hippurus to contact and interact with ambient waters with 

high frequency, which may result in a high incidence of ingestion of microplastic or non-plastic 

Measure 1 2 3 4  5 

1. Gill - 0.6718  0.4002  0.0857  0.3004  

2. Esophagus 0.0061 ** - 0.5262  0.3019  0.0663  

3. Stomach 0.1394  0.0439 * - 0.5628  0.3800  

4. Intestinal tract   0.7612  0.2741  0.0290 * - 0.1717  

5. Muscle 0.2766  0.8143  0.1623  0.5406  - 

Note: The Pearson’s correlation coefficients and p values (n = 15) were presented above and 
below the diagonal, respectively. ** p<0.01; * p<0.05 
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items in the waters. Additionally, C. hippurus prefers to cluster around the natural or artificial 

floating objects on the sea surface (Gooding and Magnuson, 1967). Drifting plastics may be 

frequently attacked by fishes of different sizes, and thereafter leaving clear bite marks (Carson, 

2013). This provided another channel of microplastic uptake for C. hippurus. Furthermore, the C. 

hippurus is a highly opportunistic predator, tending to consume preys with the highest abundance 

and ease of capture (Torres-Rojas et al., 2014). It has a non-selective and voracious feeding 

behavior that causes plastic intake (Massutí et al., 1998). The high degree of trophic plasticity of 

this species, namely, occupying across different trophic positions from secondary to tertiary 

carnivore (Torres-Rojas et al., 2014), enabled it to consume and metabolize a large number of 

foods and then digest them over a short time to obtain energy (Stieglitz et al., 2018). Coupled with 

the non-selective feeding style of C. hippurus, the collective feeding strategies provided a high 

likelihood to confuse with their food, and thereby increasing the chance of plastic ingestion 

(Menezes et al., 2019). 

3.2 Characterization of microplastics and non-plastics in the C. hippurus 
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Figure 3 Characterization of microplastics and non-plastics extracted from the fishes. A; color 
distribution of microplastics; B: shape composition of microplastics; C: size distribution of 
microplastics; D: color distribution of non-plastics; E: shape composition of non-plastics; F: size 
distribution of non-plastics. 

 

Figure 4 Characterization of microplastics in tissues of the fish. Each evaluated tissue contains 
three columns: left: color distribution; middle: shape composition; right: size distribution. 
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Figure 3A showed that the colors of positive microplastics were composed of white (42.4%, 

n = 59), transparent (20.9%, n = 29), black (11.5%, n = 16), blue (11.5%, n = 16), pink (7.2%, n = 

10), red (5.8%, n = 8), and gray (0.7%, n = 1). For each specific evaluated tissue, white items were 

the dominant except for the gills where transparent was the major color (Figure 4). The majority 

of white microplastics in this present study was in an agreement with a prior study that reported 

the predominance of white microplastics in commercial fishes from estuarine regions in South 

China (Zhang et al., 2020). Figure 3B showed that the shape of detected microplastics was 

dominated by fiber (n = 131 out of 139 microplastic particles, 94.2% of the total), followed by 

fragments (n = 6 out of 139 microplastics, 4.3%), 1 line (0.7%), and 1 film (0.7%). Figure 4 also 

showed that the predominant form of microplastics was fiber (>90%). The overwhelming amount 

of fibers in microplastic composition in the fish is in agreement with earlier studies of microplastics 

in fish in the coastal and fresh waters of China (Jabeen et al., 2017), the English Channel (Lusher 

et al., 2013), and from markets in Makassar, Indonesia, and California, USA (Rochman et al., 

2015). Mizraji et al. concluded that microfibers were the most frequently encountered 

microplastics ingested by marine fishes, crustaceans, and bivalves, typically accounting for >90% 

of ingested plastics (Mizraji et al., 2017). Figure 3C indicated that 36.7% of microplastics in the 

C. hippurus were between 1 mm and 2.5 mm in size. Microplastics of 2.5-5 mm made up 13.7% 

of the total. Approximately, microplastics of 0.1-0.5 mm and 0.5-1 mm shared equally the 

remaining 50% (Figure 3C). In the gill, 40% of microplastics were between 2.5 and 5 mm (Figure 

4), suggesting that most large-sized microplastics enter the C. hippurus through gill. In the 

digestive tracts, we found that the fraction of microplastics with 1-2.5 mm declined from 53% in 

the esophagus to 26% in the intestinal tract, whereas those of 0.1-0.5 mm climbed from 21% to 
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40% in the esophagus and intestinal tract, respectively (Figure 4). It may be resulted from 

degradation of large plastic items into small ones through digestion processes in the fish.  

In contrast, non-plastic items had more diverse colors (white, black, blue, yellow, 

transparent, green, red, gray, purple, brown, and pink, Figure 3D), which contradicted the popular 

assumption that all colored items were synthetic polymers (Remy et al., 2015; Suaria et al., 2020). 

It was also pointed out previously that visual inspection even using microscopic tools of stomach 

contents tended to ignore small and inconspicuous particles and fiber (Roch and Brinker, 2017). 

Hence, given the error message from visual screening, visual identification of synthetic polymers 

is unreliable and should not be used alone. Alternatively, confirmation of synthetic polymers of 

extracted particles from the tissues of aquatic organisms using spectroscopic analyses (either 

micro-Raman or micro-Fourier-transform infrared spectroscopy) should be combined along with 

visual methods for pre-sorting steps.  

 

Figure 5 Selected micro-Raman spectra of microplastics extracted from tissues of C. hippurus. a: 
black polyethylene terephthalate (PET) fiber from the stomach; b: red polypropylene (PP) line 
from gill; c: yellowish polystyrene (PS) foam from gill; d: transparent polypropylene (PP) 
fragment from gill.     
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        The micro-Raman spectroscopic characterization results indicated that chemical identities of 

microplastics were PES (46.8%), PET (38.1%), PP (7.9%), PS (5.0%), PE-PP (1.4%), and PE 

(0.7%). Figure 5 presented the examples of selected micro-Raman spectra of microplastics derived 

from tissues of C. hippurus. The microfiber polymer composition from fish tissues consisted of 

PES (n = 65), PET (n = 52), PP (n = 7), and PS (n = 7). In particular, PES and PET represented a 

significant proportion (～90%, 117 out of 131) of the total microfibers. PES accounted for ~50% 

of microfiber polymers (65 out of 131), which matched closely with the market share of PES, ~52% 

of total global fiber production in 2019 (Textile Exchange, 2020). The diverse polymer 

composition suggested multiple sources of microfiber in the C. hippurus. The high level of 

microfibers suggested that atmospheric deposition may be a significant pathway for microfibers 

to enter the fish.  

Interestingly, 1602 out of 1741 suspected items in the C. hippurus were verified as non-

plastics, ranging from 5 to 311 pieces for the 15 C. hippurus. A mean number of 106.8 pieces of 

non-plastics were found for each fish. The majority of non-plastic items were natural fiber (~95%, 

1523 out of 1602, Figure 3E). Our findings manifested an extraordinary match with recent studies 

claiming that cellulosic fibers (non-plastics) made up >60%–80% of all fibers found in seafloor 

sediments (Sanchez-Vidal et al., 2018; Woodall et al., 2014), marine life (Remy et al., 2015; Taylor 

et al., 2016), wastewater (Primpke et al., 2019), freshwater (Dris et al., 2018; Miller et al., 2017), 

ice cores (Obbard et al., 2014), atmosphere (Dris et al., 2017; Stanton et al., 2019). Even more, 

another recent study reported that >90% of oceanic fibers were natural fibers either being cellulosic 

or of animal source (non-plastics) rather than synthetic polymers (Suaria et al., 2020). The 

overwhelming majority of non-plastic fibers detected either in this present study or elsewhere 

(McNeish et al., 2018; Pazos et al., 2017; Suaria et al., 2020) appeared to be unexpected, given the 
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fact that synthetic fibers had a share of approximately 63% of the global fiber production in 2019 

(Textile Exchange, 2020).  

3.3 Potential consequences of microplastics in the tissues of C. hippurus 

Microplastics attached to the gill filament of marine life could cause a negative, but a short 

change in oxygen consumption and ion regulation (Kolandhasamy et al., 2018; Watts et al., 2016). 

For C. hippurus, even a slight fluctuation in oxygen supply may trigger devastating damages to 

the fish's health. C. hippurus often inhabits surface water with rich dissolved oxygen due to its 

high demand for oxygen for maintaining high metabolic rates (Benetti et al., 1995; Langdon, 1991). 

The weak hypoxia tolerance of the species renders it highly vulnerable to a decrease in oxygen 

content (Langdon, 1991). The presence of microplastics in the gill of C. hippurus may occupy the 

gill chamber and impair the gill function, thereby impeding the water exchange and oxygen uptake. 

Additionally, parasites (e.g. trichodinids)-induced mucus couple with miscellaneous debris (e.g. 

microplastics) may lead to mucus obstruction in the gill section and ultimate suffocation of the C. 

hippurus (Langdon, 1991). Hence, gill of C. hippurus should be considered as a vulnerable tissue, 

and therefore microplastics in the gill of C. hippurus may be lethal due to its high dependency on 

sufficient oxygen. 

The size range and physical appearance of microplastics resemble the plankton, which was 

likely to feed by marine animals (Cole et al., 2011). Microplastics were often found in the digestive 

tract or tissues from marine species, such as crustaceans (Zhang et al., 2019), fish (Neves et al., 

2015), sea turtles (Caron et al., 2018), marine mammals (Nelms et al., 2019), and seabirds 

(Provencher et al., 2018). C. hippurus is a top carnivorous predator in the marine ecosystem which 

feeds on the teleosts fish, cephalopods, and crustaceans (Beardsley Jr, 1967; Massutí et al., 1998). 

In this respect, microplastics in the marine organisms of lower trophic levels are likely to transfer 
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to C. hippurus through prey-predator relationships in the food chains of the marine ecosystem. It 

may explain the occurrence of microplastics in the esophagus and stomach of C. hippurus in this 

current study. Our results indicated that the esophagus, stomach, and intestinal tract of C. hippurus 

contained 86% of all detected microplastics. The accumulation of microplastics in the digestive 

system impaired food digestion and assimilation (Wang et al., 2016). The presence of 

microplastics in the digestive system would irritate the lining of the stomach and block the 

digestive tract of C. hippurus. Thus, microplastics-induced fake satiation may lead to a decrease 

in food intake and energy supply (De Sá et al., 2018). Besides, it was found that the ingested 

microplastics were fragmented into smaller sizes in the digestive gland of marine species, 

heightening the potential for crossing physical and biological barriers (Dawson et al., 2018). The 

consequent translocation of degraded microplastics to circulatory systems of marine organisms 

may take place (Browne et al., 2008), which is of significant concern. The ongoing and cascading 

penetration of small-sized microplastics in the tissues as plastic degrades may cause a battery of 

physiological responses of marine life, such as inflammation, tumor development, and the 

reproductive process. 

3.4 Implication of microplastic pollution in the C.hippurus 
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Figure 6 Molecular docking of four microplastic polymers into cytochrome P450 17A1 

Due to the high level of microplastics found in the C. hippurus, we cannot overlook the 

toxicological impacts of ingested microplastics on fish and beyond on human health, given the 

continuous introduction of microplastics to the open sea and pelagic species. Molecular docking 

was used to evaluate the potential toxicological harms of microplastics. We chose the cytochrome 

P450c17A1 (CYP17, 17 alpha-hydroxylase/17,20-lyase) for molecular docking to study the 

reproductive toxicity of microplastics, which is the single enzyme that mediates the P450c17 

activities during the biosynthesis of steroid hormones in the gonads and adrenal gland (Zhou et al., 

2007). It played a key role in the production of androgens and estrogens in vertebrates (Chen et 

al., 2010). A full-length cDNA coding for P450c17 has been cloned from the zebrafish ovary 

shared high sequence identity with that of fathead minnow (92%), rainbow trout (74%), and human 
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(48%) (Wang and Ge, 2004). The clinical utility of inhibiting cytochrome P450 17A1 (CYP17) 

has been exemplified by the approval of abiraterone for the treatment of castration-resistant 

prostate cancer (CRPC) (Norris et al., 2017). Cytochrome P450 17 A1 was expressed in several 

teleost fish (Zhou et al., 2007), including the C. hippurus as well (Xu et al., 2016), so it could infer 

that the microplastics might affect its production. 

Figure 6 showed that the four dominant microplastic types (PES, PP, PET, and PS) could 

dock into the active site of fish cytochrome P450 17A1 successfully. The binding energy was 

between -3.52 and -8.84 kcal mol-1, with the lowest and highest values occurring at the best 

conformation of fish P450 17A1 in complex with PES and PP, respectively. Lower binding energy 

indicated a stronger binding potential and the formation of a more stable structure. The best 

conformation of the four microplastics with fish cytochrome P450 17A1 exhibited a similar 

binding pattern to the classical inhibitor abiraterone. 

PS, PP, PET, and PES bind to the active site of fish P450 17A1 in a similar manner to 

abiraterone. The results suggested these four primary microplastic types may affect the production 

of androgens and estrogens by inhibiting cytochrome P450 17A1 activity. Previous studies proved 

that polyethylene affected the reproduction of vertebrate fishes, such as Hyalella azteca (Au et al., 

2015). While the docking results showed that PES and cytochrome P450 17A1 formed a more 

stable bond (-8.84 kcal mol-1), and the P450 17A1 was commonly found in the C. hippurus which 

would indicate that PES posed a greater threat to the reproductive health of C. hippurus compared 

with the other three polymers 

There were only a few differences near the active sites between the cytochrome P450 

17A1-abiraterone structure and human P450 17A1 (Pallan et al., 2015). In this work, the four 

predominant types of microplastics could be well binding to the cytochrome P450 17A1. 
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Microplastics can be transferred via the food chain to the top predator, such as C. hippurus. C. 

hippurus is a commercial species and is feed by human beings, so, it is highly possible that 

microplastics in the C. hippurus enter the human body through bioaccumulation, which may have 

the potential of reproductive toxicity to humans.  

4. Conclusion 

This present study reported microplastic pollution in the gill, esophagus, stomach, 

intestinal tract, and muscle of C. hippurus from the Eastern Pacific Ocean. A high level of 

microplastic pollution was detected in the fish, and the prevalence and high incidence of 

occurrence of microplastics in the C. hippurus from the Eastern Pacific Ocean suggested that the 

pelagic fish species may be at high risk of exposure to microplastic pollution. A novel tool, 

molecular docking was used to evaluate the potential interactions of four major microplastic 

polymers with a fish model enzyme (cytochrome P450 17A1). The results showed that PES posed 

a greater threat to the reproductive health of C. hippurus compared with the other three polymers. 

Our findings provide insightful information for microplastic occurrence, abundance, distribution, 

and hazards to the investigated fish, which may heighten the understandings of the level and health 

risk of microplastic pollution in the pelagic fish from the Eastern Pacific Ocean.    
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