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ABSTRACT 

Background: The term nano-silver refers to the nanoparticulate size 

of the silver nanoparticles particles. Silver to 100µm breaks to silver 

nanoparticles. Silver nanoparticles in the aquatic environment is 

estimated to about 0.01 µgL
-1

. Nanosilver has a more active surface 

area and better porosity than commercial silver. Traditional methods in 

toxicology research and assessments have focused mostly on 

biochemical agents in glycogen level. Widely used nanoparticles, such 

as silver nanoparticles, most likely enter the ecosystem and may 

produce a biochemical and physiological response in many animals, 

possibly altering their fitness and might ultimately change the 

glycogen level. Silver nanoparticles used as biomarkers for monitoring 

environmental quality, water pollution and the health condition of 

aquatic organisms. Objective: The change leads to toxicity in biochemical level and changes 

occurs in glycogen content. Blood hepatic glycogen can be utilized as a parameter of stress 

response, as it is rapid, practicable and quantitative reported that blood glycogen appeared to 

be sensitive indicator of environmental stress in fish and it has been widely monitored to 

study stress in fish. Material & Methods: Estimation of muscle glycogen was done by 

anthrone method (samseifter et al., 1949). Results: Silver nanoparticles in glycogen content 

exhibited a significant decrease throughout the study period. Conclusion: The action of silver 

nanoparticles is most likely on the gill surfaces resulting in impaired gas exchange. 

Nanosilver concentrations and the expected future use of nanosilver undoubtedly result in 

decreased environmental concentrations. Also the examined concentration of silver 
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nanoparticles in the present study is low when exposed to fish Cyprinus carpio in the 

environment. The decrease in glycogen content due to silver nanoparticles exposure in fish 

might be due to an enzyme metabolite named plasmatic pyruvate. Decreased of glycogen 

level in fish Cyprinus carpio exposed to silver nanoparticles may also be due to the absence 

of metabolite in liver.  

 

KEYWORDS: Silver nanoparticles, Cyprinus carpio, glycogen content.      

 

INTRODUCTION 

Aquatic pollution on environment has focused interest on health of fish populations. 

Increasing awareness of the adverse effects of anthropogenic activities shows the possibilities 

to utilize health parameters for assessment of the quality, of aquatic environment. More 

contaminants enter the aquatic and marine environment every year due to water pollution 

monitoring and leads crucial problem. The aquatic environment for biomonitoring using 

various measurable attributes, to find the toxicity level is the predication of current trend 

(Pace, 2001). The assessment of environmental disturbances requires the elucidation of stress 

effects throughout the hierarchy of biological organization, from molecular and cellular levels 

up to organism and population levels due to the changes in biomarker especially in 

biochemical parameters (Moore, 2002). To do so, the development of different biomarkers to 

investigate the in vivo effects of contaminants is a priority requirement to reveal the action 

mechanisms of toxicants silver nanoparticles in glycogen level (Oliveira Ribeiro et al., 2006). 

Metals play an important role in aquatic organisms. Among metals silver and silver 

nanoparticles is a naturally occurring metal. Silver is a naturally occurring precious metal, 

most often used as mineral ore in association with other elements. It has been positioned as 

the 47
th

 element in the periodic table, having a atomic weight of 107.8 and two natural 

isotopes 106.90 Ag and 108.90 Ag with abundance 52 and 48%. Recently nanoparticles in 

the aquatic environment enhanced different changes in fishes and the changes were embossed 

in fish physically and biochemically. The change leads to toxicity in biochemical level and 

changes occurs in glycogen content.  Silver to 100µm breaks to silver nanoparticles. Silver 

nanoparticles in the aquatic environment is estimated to about 0.01 µgL
-1 

(Tiede et al., 2009), 

the discharge of silver nanoparticles undoubtedly increase. Prior to recent nanotechnology, 

silver has been utilised in jewellery, monetary currency and photography (Chen and 

Schluesener, 2008) and is known to have an antibacterial effect (Atiyeh et al., 2007). Silver is 

furthermore, discharged to the aquatic environment from leaching, mining and anthropogenic 
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sources (Purcell and Peters, 1998) and the concentration of silver (excluding nanoparticles) in 

the aquatic environment is <0.01-100ngL
-1 

(Rozan et al., 1995; Wen et al., 1997). 

 

Nano silver means usually nano-sized particles of nanometer size and the term is connected 

to colloidal silver or identical. There are now many commercial products, some are named as 

“NanoSilver”. The term nano-silver refers to the nanoparticulate size of the silver particles of 

5-50 nm. Nanosilver has a more active surface area and better porosity than commercial 

silver (Alt et al. 2004). Many of these studies have revealed silver nanoparticles (Ag NPs) to 

have noticeable toxicity against biochemical parameters and several cell lines as well as a 

number of aquatic organisms, but the mechanistic basis of these toxic effects is now an area 

of active research. In particular, the bioavailability of silver ions (Ag
+
) from Ag NPs, 

considered by many as a major factor in Ag-mediated toxicity, remains poorly understood. 

Such studies underscore the need to understand the transport, uptake and degradation of Ag 

NPs under biochemical and physiological conditions, to accurately assess the relative benefits 

and risks of using Ag NPs in commercial products. Traditional methods in toxicology 

research and assessments have focused mostly on biochemical agents in glycogen level, so 

determining the toxicological effects of Ag NPs raises several challenges. To observe 

biochemical (glycogen) changes in the plasma/organs of fish treated with sublethal 

concentration of silver nanoparticles and so to use these biomarkers for monitoring 

environmental quality, water pollution and the health condition of aquatic organisms. Silver 

nanoparticles (AgNPs) are the most commonly used in our planet, including spectrally 

selective coatings for solar energy absorption, chemical catalysts especially antimicrobial 

sterilization  and, which has many applications made them one of nonmaterial’s (Pal, et al., 

2007). Widely used nanoparticles, such as silver nanoparticles, most likely enter the 

ecosystem and may produce a biochemical and physiological response in many animals, 

possibly altering their fitness and might ultimately change the glycogen level. Open access 

literature regarding the toxicity of nanoparticles (NPs) is still emerging and gaps still exist in 

our knowledge of this area (Pal, et al., 2007). Despite the dramatic increase in the use of 

these NPs, little data is available on their potential harmful effects on the ecosystems. Most 

researches on the toxicity of NPs come from mammalian studies that have focused on 

bioassay, biochemical from in vivo assays using mammalian cells (Lovern et al., 2007).  

 

Blood hepatic glycogen can be utilized as a parameter of stress response, as it is rapid, 

practicable and quantitative reported the blood glycogen appeared to be sensitive indicator of 
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environmental stress in fish and it has been widely monitored to study stress in fish (Teles et 

al., 2003). In order to meet the high energy demand of stressed animals, glycogen which is 

rapidly available for energy production may be rapidly catabolized resulting in huge or less of 

its reserve (Ruparelia et al., 1997). Glycogen is the main source of energy for animals during 

normal   metabolism and their content in muscle of fish exposed to chemical substances may 

indicate the health condition of the fish. They also reported that during unfavorable 

environmental situation the normal metabolism is affected which in turn leads to alteration in 

the glycogen reserve of fish. The significant increase in muscle glycogen content during 

sublethal lindane treatment may indicate an adaptation of fish to lindane toxicity or 

impairment in the carbohydrate metabolism (Saravanan et al., 2011). Sastry and Siddiqui 

(1984) reported that the muscle glycogen level was increased in quinalphos exposed fish 

indicating a decrease in the rate of glycogenolysis. In the present study also the significant 

decrease in muscle glycogen during acute and sublethal treatments indicates impairment in 

carbohydrate metabolism or a decrease in the rate of glycogenolysis. A very small 

concentration of Nanosilver provides greater effectiveness inside the body of fish Cyprinus 

carpio in the aquatic environment. 

 

MATERIALS AND METHODS  

ESTIMATION OF GLYCOGEN 

Estimation of muscle glycogen was done by anthrone method (samseifter et al., 1949). 

 

RESULT 

Table 1 represents the data on changes in the biochemical profiles of fish Cyprinus carpio 

exposed to concentration of silver nanoparticles in glycogen level to sublethal toxicity. Silver 

nanoparticles in glycogen level exhibited a significant decrease throughout the study period. 

The significant decrease in glycogen level was directly proportional to the exposure period 

showing a percent decrease of  -4.18, -3.72, -2.70, -1.19, -1.24 at the end of  7
th

 , 14
th

, 21
st
, 

28
th

, 35
th

, days respectively. There were significant (P< 0.05) variation among the treatments. 

 

Table 1. Changes in the glycogen content of Cyprinus carpio exposed to sublethal 

concentration of silver nanoparticles for 35 days. 

S.No EXPOSURE PERIOD CONTROL EXPERIMENT CHANGE % 

1 7 114.80 ± 0.046c 110.00 ± 0.300b -4.18 

2 14 113.92 ± 0.270c 109.68 ± 0.209a -3.72 

3 21 118 ± 0.051a 114.81 ± 0.278a -2.70 

4 28 117 ± 0.050 a 115.60 ±0.278a -1.19 

5 35 115.03 ± 0.057c 113.60 ± 0.398b -1.24 
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Values are mean ± S.E. of five individual observations. (-) Denotes percent decrease over 

control. ** Significant at 5% level. Means in a column bearing same letter(s) are significantly 

different according to DMRT (P>0.05). 

 

DISCUSSION 

Measurement of biochemical parameters is a commonly used diagnostic tool in aquatic 

toxicology and biomonitoring (Larsson et al., 1985; Korkmaz et al., 2009). Moreover 

biochemical and physiological biomarkers are frequently used for detecting or diagnosing 

sublethal effects in fish exposed to different toxic substances (Theodorakis et al., 1992; Abou 

E1-Naga et al., 2005). Biochemical mechanisms involved in cellular detoxification are 

particularly relevant in understanding the deleterious effects of metal silver nanoparticles in 

the environmental pollutants (Lopez et al., 2001) and useful biomarkers of exposure to 

aquatic pollutants (Monteiro et al., 2010). Glycogen is the main source of energy for animals 

during normal metabolism and their content in muscle of fish exposed to chemical substances 

may indicate the health condition of the fish. They also reported that during unfavorable 

environmental situation the normal metabolism is affected which in turn leads to alteration in 

the glycogen reserve of fish. The significant increase in muscle glycogen content during 

sublethal lindane treatment may indicate an adaptation of fish to lindane toxicity or 

impairment in the carbohydrate metabolism. In freshwater fish species along with depleted 

hepatic glycogen (Bhattacharya et al., 1987). In order to meet the high energy demand of 

stressed animals, glycogen which is rapidly available for energy production may be rapidly 

catabolized resulting in huge or less of its reserve (Ruparelia et al., 1997). Sastry and 

Siddiqui (1984) reported that the muscle glycogen level was increased in quinalphos exposed 

fish indicating a decrease in the rate of glycogenolysis. In the present study the significant 

decrease in muscle glycogen during acute and sublethal treatments indicates impairment in 

carbohydrate metabolism or a decrease in the rate of glycogenolysis. (Ravichandran et al., 

1995) suggested that breakdown of glycogen (glycogenolysis) to cope with the high-energy 

demand due to stress caused by pollutants.  

 

The engineered nanomaterials comprise of numerous different biochemical and physical 

forms and some of these materials including carbon nanotubes, carbon spheres called 

fullerenes (Zhu et al. 2006) and nanoparticles made from metals (Griffitt et al. 2007), metal 

oxides (Federici et al. 2007) or composites made of several metals (King-Heiden et 

al. 2009) have adverse effects on fish (Smith et al. 2007). To study the aquatic toxicity of 

https://link.springer.com/article/10.1007/s13204-015-0417-7#CR37
https://link.springer.com/article/10.1007/s13204-015-0417-7#CR12
https://link.springer.com/article/10.1007/s13204-015-0417-7#CR11
https://link.springer.com/article/10.1007/s13204-015-0417-7#CR19
https://link.springer.com/article/10.1007/s13204-015-0417-7#CR30
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fish in glycogen level, fish species has been widely used as an indicator of pollutant and 

they strongly respond to stress conditions. An earlier report of Ramesh et al. (2013) 

emphasized the toxicological impact of nanoparticles on antioxidant enzymes and DNA 

strand break using zebra fish and Cyprinus carpio. Generally depletion of glycogen level 

under stress condition may indicate an experession of an intial regulatory step resulting an 

increase in the intermediary metabolism. The reduction in glycogen content in Cyprinus 

carpio during acute and sublethal treatment of silver nanoparticles indicates the utilization of 

stored glycogen to meet the high energy requirement under the silver nanoparticles stress. 

The reduction of hepatic and muscular glycogen in Silver catfish exposed to high nitrate 

levels at different PH may indicate that stress generated by ammonia toxicity is accompanied 

by a rapid degradation of tissue glycogen. In fact, carbohydrates stored in muscles are the 

first nutrients used in response to stress conditions (Vijayavel et, al., 2006). Lower glycogen 

levels in muscle were also observed in freshwater fishes exposed to high NH3 levels (1-

4mg/L). Depletion of glycogen may be due to direct utilization for energy generation, a 

demand caused by latex – induced hypoxia. Fish white muscles constitute more than 50% of 

the whole body mass and anaerobic processes require glycogen for their action (Knox et al., 

1980). In the present study the significant decrease in muscle glycogen level during sublethal 

treatment may indicate that stress generated by silver toxicity is accompanied by a rapid 

degradation of muscle glycogen. The alteration in glycogen content can be understood in two 

exclusive ways, the glucose can be converted to other tissues, especially in the brain, or it can 

be converted into glycogen. 

 

In conclusion, this study provides evidence that silver nanoparticles reduce the ability of fish 

to extract oxygen from the water during progressive oxygen depletion, thereby increasing 

perch vulnerability to hypoxia. On the other hand, BMR, was affected by nanosilver exposure 

during normoxia. The action of silver nanoparticles is most likely on the gill surfaces 

resulting in impaired gas exchange. Nanosilver concentrations and the expected future use of 

nanosilver undoubtedly result in decreased environmental concentrations. Also the examined 

concentration of silver nanoparticles in the present study is low when exposed to fish 

Cyprinus carpio in the environment. The decrease in glycogen content due to silver 

nanoparticles exposure in fish might be due to metabolite named plasmatic pyruvate. 

Decreased of glycogen level in muscle, in fish Cyprinus carpio exposed to silver 

nanoparticles may also be due to the absence of metabolite in liver.   

 

https://link.springer.com/article/10.1007/s13204-015-0417-7#CR27


www.wjpr.net                                 Vol 6, Issue 9, 2017.                                                                       

 

544 

Thangam et al.                                                      World Journal of Pharmaceutical Research 
 

REFERENCE 

1. Pace M, Prediction and aquatic sciences. Can j. Fish. Aquat. Sci. 2001; 58(1): 63-72. 

2. Moore MN. Do nanoparticles present ecotoxicological risks for the health of the aquatic 

environment. Environ. Interl, 2006; 32: 967-976. 

3. Oliveira Ribeiro CA, FilipakNeto F, Mela M, Silva PH, Randi MAF, Rabitto IS, Alves 

Costa JRM, Pelletier E. Hematological findings in neotropical fish Hoplias malabaricus 

exposed to subchronic and dietary doses of methylmercury, inorganic lead and tributyltin 

chloride. Envirinmental Resources. 2006; 101: 74-80. 

4. Tiede K, Hassellov M, Breitbarth E, Chaudhry Q, Boxall ABA. Considerations for 

environmental fate and ecotoxicity testing to support environmental risk assessments for 

engineered nanoparticles. J. Chromatogr. 2009; A 1216: 503-509. 

5. Chen X, Schluesener HJ. Nanosilver, A nanoproduct in medical application. Toxicol. 

Lett. 2008; 176: 1–12. 

6. Atiyeh BS. Effect of silver on burn wound infection control and healing: review of the 

literature. Burns, 2007; 33(2): 139–148. 

7. Purcell TW, Peters JJ.  Sources of silver in the environment. Environ. Toxicol. Chem. 

1998; 17: 539-536. 

8. Rozan TF, Hunter KS, Benoit G. Silver in fresh water: sources, transport and fate in 

Connecticut rivers. In Proceedings of  the 3th Argentum International conference on the 

Transport, Fate and effects of  Silver in the Environment, Washington, DC, USA, August 

6-9, 1997; 181-184. 

9. Wen LS, Santschi PH, Gill GA, Paternostro CL, Lehman RD. Colloidal and particulate 

silver in river and estuarine waters of Texas. Environ. Sci. Technol. 1997; 31: 723-731. 

10. Alt V, Bechert T, Steinrucke P, Wagener M, Seidel P, Dingeldein E, Domann E, 

Schnettler R. An in vitro assessment of the antibacterial properties and cytotoxicity of 

nanoparticulate silver bone cement. Biomaterials, 2004; 25: 4383–4391.  

11. Pal S, Tak YK, Song JM. Does the antibacterial activity of silver nanoparticles depend 

on the shape of the nanoparticle? a study of the gram-negative bacterium Escherichia 

coli. Appl Environ Microbiol, 2007; 73(6): 1712–1720. 

12. Lovern SB, Strickler JR, Klaper R. Behavioral and physiological changes in Daphnia 

magna when exposed to nanoparticle suspensions (titanium dioxide, nano-C-60 and 

C(60)HxC (70)Hx). 2007. 



www.wjpr.net                                 Vol 6, Issue 9, 2017.                                                                       

 

545 

Thangam et al.                                                      World Journal of Pharmaceutical Research 
 

13. Teles M, Maria VL, Pacheco M, Santos MA. Plasma cortisol lactate and glucose 

responses to abietic acid  dehydroabietic acid and retene. Environ. Int., 2003; 29:        

995-1000. 

14. Ruparelia SG, Verma Y, Saiyed SR, Rawal UM. Effects of cadmium on blood of tilapia, 

Oreochromis mossambicus (Peters). During prolonged exposure. Bull. Environ. Contam. 

Toxicol, 1997; 45: 305-312. 

15. Saravanan S. Preparation, characterization and antimicrobial activity of a bio-composite 

scaffold containing chitosan/nano-hydroxyapatite/nano-silver for bone tissue 

engineering. Int J Biol Macromol 2011; 49(2): 188–193. 

16. Sastry KV, Siddique AA. Haematological, biochemical and enzymological parameters of 

freshwater fish teleost fish Channa punctatus exposed to sublethal concentrations of 

quinolphos. Pest Biochem Physiol. 1984; 22: 8-13. 

17. Samseifter. The Estimation of Glycogen with the Anthrone Reagent 1949p. 6. 

18. Larsson M. Thyroid hormone binding in serum of 15 vertebrate species, isolation of 

throxine-binding globulin and prealbumin analogs. Gen. Comp. Endocrinol, 1985; 58: 

360-375. 

19. Korkmaz N, Cangiz El, Uysal E, Yanar M. Cypermethering induced histopathological 

and biochemical changes in Nile tilapia (Oreochrenis niloticus) and the productive and 

reproductive effect of ascorbic acid. Environ. Toxcol. Pharmacolo. 2009; 28(2): 198-205. 

20. Theodorakis CW, D’Surney SJ, Bickham Sequential expression of biomarkers in Bluegill 

Sunfish exposed to contaminated sediment. Ecotoxicol, 1992; 1: 45-73. 

21. Abou EI-Naga, EH, EI-Moselhy, KM, Hamed MA. Toxicity of cadmium and copper and 

their effect on some biochemical parameters of marine fish Mugill seheli. Egypt. J. Aquat. 

Res. 2005; 31(2): 60-71. 

22. Lopes PA, Pinheiro T, Santos MC, Mathias M, Collares-Pereira. Response of antioxidant 

enzymes in freshwater fish populations(Leuciscus alburnoides complex) to inorganic 

pollutants exposure. Sci. Total Environ. 2009; 280: 153-163. 

23. Monteiro. Inorganic mercury exposure, toxicological effects, oxidative stress biomarkers 

and bioaccumulation in the tropical fresh water fish matrinxa, Brycon amazonicus (Spix 

and Agassiz, 1829). Ecotoxicol. 2010; 19: 105-123. 

24. Bhattacharya T, Ray AK, Bhattacharya S. Blood glucose and hepatic glycogen. 

Interrelationship in Channa punctatus (Bloch). A parameter of  non-letha toxicity 

bioassay with industrial pollutants. Indian J Exp Biol. 1987; 25: 539-541. 



www.wjpr.net                                 Vol 6, Issue 9, 2017.                                                                       

 

546 

Thangam et al.                                                      World Journal of Pharmaceutical Research 
 

25. Ravichandaran E, Madany IM. Characteristics of glycogen in water in freshwater fish in 

Baharain. Sci Total Environ, 1995; 104: 239-247.  

26. Zhu S, Oberdörster E, Haasch ML. Toxicity of an engineered nanoparticle (fullerene, 

C60) in two aquatic species, Daphnia and fathead minnow. J Mar Env Res. 2006; 62:  

5–9 CrossRefGoogle Scholar.  

27. Griffith RJ, Weil R, Hyndman KA, Denslow ND, Powers K, Taylor D. Exposure to 

copper nanoparticles causes gill injury and acute lethality in zebrafish (Danio rerio). 

Environ. Sci. Technol. 2007; 41: 8178-8186. 

28. Federeci G, Shaw BJ, Handy RD. Toxicity of titanium dioxide  nanoparticles to rainbow 

trout (Onchorhychus mykiss): gill injury, oxidative stress and other physiological effects. 

Aquat. Toxicol. 2007; 84: 415-430.  

29. King-Heiden TC, Wiecinski PN, Mangham AN, Metz KM, Nesbit D, Pedersen J, A. 

Quantum dot nanotoxicity assessment using the zebra fish embryo. Environ Sci 

Technol, 2009; 43: 1605–1611 CrossRefGoogle Scholar.  

30. Smith CJ, Shaw BJ, Handy RD. Toxicity of single walled carbon nanotubes to rainbow 

trout, (Oncorhynchus mykiss): respiratory toxicity, organ pathologies and other 

physiological effects. Aquat Toxicol. 2007; 82: 94–109. [PubMed] [Cross Ref]. 

31. Ramesh R, Kavitha P, Kanipandian N, Arun S, Thirumurugan  R, Subramanian P. 

Alteration of antioxidant enzymes and impairment of DNA in the SiO2 nanoparticles 

exposed zebra fish (Danio rerio). Environ Monit Assess, 2013; 185: 5873–5881. 

CrossRefGoogle Scholar. 

32. Vijayavel K, Rani EF, Anbuselvan C, Balasubramaniam MP. Interactive effects of 

monocrotophos and as ammonium chloride on the freshwater fish Oreochromis 

mossambicus with reference to lactate/pyruvate ratio. Pestic. Biochem. physiol. 2006; 86: 

157-161. 

33. Knox MJ, Walton CB, Cowey. Distribution of enzymes of glycolysis and 

gluconeogenesis in fish tissues. Marine Biology. 1980; 56: 7–10.  

 

 

 

 

http://dx.doi.org/10.1016/j.marenvres.2006.04.059
http://dx.doi.org/10.1016/j.marenvres.2006.04.059
http://dx.doi.org/10.1021/es801925c
http://dx.doi.org/10.1021/es801925c
https://www.ncbi.nlm.nih.gov/pubmed/17343929
https://dx.doi.org/10.1016%2Fj.aquatox.2007.02.003
http://dx.doi.org/10.1007/s10661-012-2991-4
http://dx.doi.org/10.1007/s10661-012-2991-4
https://link.springer.com/journal/227

