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Ultraviolet B (UV-B) radiation is a potent environmental stressor and it severely affects the survival, growth, and physiology of aquatic organisms. The UV-B protective properties of three herbal ingredients enriched diets were evaluated in pre-exposed Catla catla. Fish (70.38 ± 1.18 g) were divided into five sets with three replicates each. Four sets were exposed to UV-B (80 µW/cm2) for an initial 10 days (20 min/day), and the fifth one remained unexposed (control). On day 11, feeding with enriched diets started. These diets were: diet 1 (D1) containing Withania somnifera (0.5%) root powder, diet 2 (D2) containing Emblica officinalis (1.25%) fruit powder, diet 3 (D3) containing seeds of Achyranthes aspera (0.5%), and diet 4 (D4) control. There were two batches of D4 diet-fed fish, D4a, UV-B exposed, and D4b unexposed. Blood and tissue samples were collected on days 0, 7, 14, and 21 of feeding. The average weight reduced 26.32% in UV-B exposed catla compared to the unexposed one on day 0. Among the exposed fish, average weight was significantly higher in D3 compared to others throughout the study period. Significantly lower nitric oxide synthase (NOS) and higher thiobarbituric acid reactive substances (TBARS), carbonyl protein, superoxide dismutase (SOD), and heat shock proteins (Hsp) 70 and 90 were observed in D4a compared to the enriched diet fed catla. The NOS level was significantly higher in D3 on day 21. The TBARS level was significantly lower in D3 on days 7 and 14 and in D2 and D3 on day 21. The carbonyl protein, SOD, and Hsp70 levels were always significantly lower in D3 compared to others, and D2 followed D3 treatment. Hsp 90 was significantly lower in D2 compared to others on day 7 and in D3 on days 14 and 21. All three enriched diets helped the fish overcome the harmful effect of UV-B radiation, and the D3 diet-fed fish showed the best performance.




Keywords: Achyranthes aspera, Catla catla, carbonyl protein, Emblica officinalis, heat shock proteins 70 and 90, nitric oxide synthase, ultraviolet B, Withania somnifera



Introduction

The increased level of ultraviolet-B (UV-B) radiation is an environmental stressor. It is a potential threat to many aquatic organisms, viz., zooplankton, crustaceans, amphibians, fish, corals, etc. (Hader et al., 2011; Sucré et al., 2012). The penetration of UV-B in an aquatic ecosystem depends on two main factors: the depth of the water body and the levels of particulate and dissolved organic matter present in the water. UV-B can penetrate to significant depths in aquatic ecosystems as water itself absorbs a small amount of UV-B (Tedetti et al., 2007). In clean sea water, 10% of surface UV-R may penetrate up to 25 m depth, and in lakes with low dissolved organic carbon, the attenuation depth of UV may be more than 10 m (Fleischmann, 1989; Sayed et al., 2007; Behrendt et al., 2010). Freshwater fishes are vulnerable to UV-B exposure as they are cultured in clear water. UV radiation is harmful to organisms due to stress generation by reactive oxygen species (Carrasco-Malio et al., 2014). Reactive oxygen species (ROS) like O2, OH−, hydrogen peroxide (H2O2), peroxynitrite (ONOO−) and nitric oxide (NO-) are generated during UV-B light-stimulated photosensitization (Hakozaki et al., 2008; Terra et al., 2012). This causes oxidative damage in tissues and results in higher levels of oxidative stress, which degrades physiology, and the immune system, decreases disease resistance capacity, causes higher expression of heat shock proteins, and induces DNA damage (Lesser et al., 2001; Lesser and Barry, 2003; Jokinen et al., 2011; Terra et al., 2012; Carrasco-Malio et al., 2014). Proteins, nucleic acids, and lipids are the primary targets of UV-B radiation. Exposure to UV-B radiation increases the activities of enzymes that give protection against oxidative stress like superoxide dismutase, and it also reduces molecular defense mechanisms (Charron et al., 2000; Behrendt et al., 2010). Superoxide dismutase catalyzes the conversion of the anion superoxide into oxygen and molecular hydrogen peroxide. These enzymes function in cellular defense against UV-R induced oxidative stress and can also be used as biomarkers of oxidative stress (Sarkar, 2006).

In fish, UV-B irradiation affects both specific and non-specific branches of the immune system (Markkula et al., 2006; Markkula et al., 2009; Jokinen et al., 2011). In Atlantic cod, Salmo salar, UV radiation induced decreased hematocrit, plasma protein, and plasma immunoglobin levels (Salo et al., 2000). It affects the digestive enzyme activities and weakens the immune systems of catla larvae (Sharma et al., 2010). The reduced levels of myeloperoxidase, hemagglutination titer, and nitric oxide synthase, and enhanced levels of serum glutamic oxaloacetic transaminase and serum glutamate pyruvate transaminase are observed in UV-B exposed rohu Labeo rohita larvae (Singh et al., 2013a, b). Nitric oxide synthase is a family of enzymes that catalyze the production of the cellular signaling molecule nitric oxide. This nitric oxide plays a vital role in many biological processes. The inducible isoform iNOS produces a large amount of nitric oxide as a defense mechanism (Srivastava and Chakrabarti, 2012). Nitric oxide functions as an intracellular messenger, stimulating guanylate cyclase (Rochette et al., 2013).

All cellular components are susceptible to the action of reactive oxygen species, but biological membranes are the most severely affected (Podda et al., 1998; Eiberger et al., 2008; Perluigi et al., 2010; Terra et al., 2012). Fish tissue contains large quantities of polyunsaturated fatty acids (PUFAs) essential for membrane function (Martınez-Alvarez et al., 2005). Lipid peroxidation is the process of oxidative degradation of PUFA. Its occurrence in biological membranes causes impaired membrane function, structural integrity, and inactivation of several membrane-bound enzymes (Goel et al., 2005). Carbonyl protein is the most commonly measured end product of ROS-induced protein oxidation in biological samples. The products of lipid oxidation such as 4-hydroxy-2-nonenal and malonic dialdehyde could be involved in the formation of cross-linked proteins that are not degraded by proteases, and this might inhibit multicatalytic proteinase (Friguet et al., 1994; Lushchak et al., 2005). Stress proteins are being considered for their potential role as sensitive markers of cell injury, as they are related to the immune response and autoimmune diseases. Exposure to UV-B radiation damaged cellular components and caused oxidative stress, a potent trigger for Hsp gene activation. The chaperone function of Hsp70 appeared to be closely related to the stress tolerance capacity of the cells, and overexpression of Hsp70 enhanced anti-apoptotic activity against cellular stress (Li et al., 2000; Mosser et al., 2000a; Mosser et al., 2000b; Yamashita et al., 2010).

In a tropical country like India, aquatic organisms, especially those that remain at the surface of the water body, are exposed to the maximum amount of UV-B. A field study was conducted in Lake Naini, Delhi, where the highest intensity of UV-B (180.72–190.45 µW/cm2) has been recorded in June (Singh et al., 2015; Chakrabarti et al., 2019). The Indian major carp, Catla catla, is an economically important cultivable fish (ICAR, 2013). It is a surface-dwelling, zooplanktivorous fish and usually participates in its seeding migration moving towards the shallow water during monsoon (FAO, 2014). The fish is vulnerable to UV-B as it remains at the surface of the water body.

It is essential to determine the remedial measures that help fish overcome the harmful effects of UV-B irradiation. Oral administration of plant ingredients is one of the practical ways to improve the health status of fish. The application of natural herbal ingredients shows fewer (without) side effects on the organisms. There is mention of the use of ashwagandha, Withania somnifera (L.) Dunal (family: Solanaceae) and prickly chaff flower, Achyranthes aspera L. (family: Amaranthaceae) in Ayurveda as herbal medicines. The roots of ashwagandha are reputed to promote health and longevity by augmenting defense against disease, arresting the aging process, revitalizing the body in debilitated conditions, and increasing the capability of the individual to resist adverse environmental factors (Weiner and Weiner, 1994; Bhattacharya et al., 2001; Widodo et al., 2008). The fruits of amla (Emblica officinalis, Gaertn) (family: Euphorbiaceae) are extensively used to promote health and longevity by increasing the defense against disease and for health restorative purposes in most Asian countries (Bhattacharya et al., 1999; Bhattacharya et al., 2001). A. aspera is widely available in India. It is used for the treatment of numerous diseases such as inflammation, diabetes, hypertension, pneumonia, diarrhea, dysentery, asthma etc. (Baraik et al., 2014). The leaves and seeds of A. aspera show immunostimulatory and anti-stress effects in rohu Labeo rohita and common carp Cyprinus carpio (Chakrabarti and Srivastava, 2012; Chakrabarti et al., 2012; Singh et al., 2019; Sharma et al., 2021).

The aim of this study is to evaluate the UV-B protective properties of three traditional herbal ingredients, roots of ashwagandha (W. somnifera), fruits of amla (E. officinalis), and seeds of prickly chaff flower (A. aspera) in pre-exposed catla (C. catla). The fish are first exposed to UV-B and then the impacts of plant ingredients incorporated into diets on the physiology of fish are recorded.



Materials and Methods


Exposure of Fish to UV-B

C. catla was collected from a local fish farm. Fish were randomly distributed in fifteen aquaria (60 L each) and acclimated for 10 days. The stocking density was 4 fish/aquarium. Then, the fish (70.38 ± 1.18 g) were divided into five sets with three replicates each. Four sets of catla (twelve aquaria) were exposed to UV-B, and one set (three aquaria) remained unexposed. This unexposed fish served as control. Fish were exposed to UV-B radiation at an intensity of 80 µW/cm2 for 10 days. The exposure duration was 20 min/day and the fish received a cumulative dose of 960 mJ/cm2 of UV-B during the experimental period. The dose of UV-B was decided based on a field study conducted in Lake Naini, Delhi, India (Singh et al., 2015; Chakrabarti et al., 2019). All fish were fed with a control diet (40% protein) throughout the culture period.

The UV-B tubes were fixed at 20 cm above the aquaria. The source of UV-B (280–320 nm) was a Philips tube light (TL 20/12 RS, Holland). Aquaria were covered with black plastic sheets to avoid outside light and reflectance between the aquaria themselves. All tubes were pre-burned for 100 h to give a stable output. The spectral output of the tubes, as defined by the manufacturer, has a maximum emission at 313 nm, with negligible energy above 320 (Bertoni and Callieri, 1999). The UV-B tubes were coated with cellulose acetate, which absorbed light at <280 nm. Ultraviolet radiation (UV-B) penetrating into the water was measured using a Microtops II Sunphotometer (Solar Light Company, Philadelphia, USA). Both the treated and control sets were kept under fluorescent lamps (Philips 20 W) without UV components. The photoperiod was maintained as 12 h:12 h. The unexposed control set was covered with black plastic to avoid penetration of outside light.

After 10 days of UV-B exposure, exposed fish were fed with both enriched and control diets (Table 1). Three experimental diets were: diet 1 (D1) containing ashwagandha root powder (W. somnifera) (0.5%), diet 2 (D2) containing amla fruit powder (E. officinalis) (1.25%), and diet 3 (D3) containing prickly chaff flower seeds (A. aspera) (0.5%). Two sets of catla were fed with control diet, diet 4 (D4): one set of fish were exposed to UV-B (D4a), and the second set of fish were unexposed (D4b). Three replicates were used for each feeding regime. The dose of plant ingredients was selected based on the earlier study (Singh et al., 2013a; Singh et al., 2013b).


Table 1 | Formulations of four different diets and their proximate compositions.



The water temperature, pH, and dissolved oxygen of the aquaria were monitored regularly using probes (HQ 40D, HACH, USA). For the culture of fish, dechlorinated tap water was used. Water temperature and dissolved oxygen levels were 28 ± 0.5°C and 5.5 ± 0.5 mg/l, respectively, pH ranged from 7.5 to 8.1 throughout the study period.

The culture of fish and their sampling were performed following the guidelines of the Institutional Animal Ethics Committee (DU/ZOOL/IAEC-R/2011/08).



Performance of Fish

The survival rate of fish was recorded. The weight of individual fish was measured on day 0 (start of feeding, first sampling), day 7 (second sampling), day 14 (third sampling), and day 21 (fourth sampling) of feeding with enriched diets.




Biochemical Assays


Sample Collection

Blood and tissue samples were collected on days 0, 7, 14, and 21 of feeding with enriched diets. Fish were anesthetized with 0.01% MS-222 (Sigma, USA). A blood sample was collected from the caudal vein of an individual fish using a 2 ml plastic syringe (NG: 24G × 1”, 0.56 × 25 mm), previously rinsed with 2.7% ethylenediaminetetraacetic acid (EDTA) solution. Samples were allowed to clot and were stored in a refrigerator at 4°C overnight. The clot was spun down at 400×g for 10 min. Then, the serum was stored in a sterile Eppendorf tube at −20°C until used for assays. The muscle and hepatopancreas were collected, pooled, and preserved at −80°C until further analyzed. The tissue was processed immediately for the assay of heat shock proteins 70 and 90.



Nitric Oxide Synthase

The nitric oxide synthase (NOS) of the muscle was measured using the method of Lee et al. (2003). The tissue sample (100 mg) was homogenized in 1 ml of PBS (pH 7.4) and centrifuged at 10,000×g for 10 min at 4°C. Approximately 100 µl of supernatant was mixed with an equal volume of Griess reagent (1% sulfanilamide and 0.1% naphthylethylenediamine in 5% phosphoric acid) and incubated at room temperature for 10 min. The absorbance was recorded at 540 nm. The nitrite concentration was determined from the nitrite standard curve and was expressed as mol/mg tissue.



Tissue Glutamate Pyruvate Transaminase

Tissue glutamate pyruvate transaminase (GPT) was determined in kinetic mode using diagnostic kits (Bayer Diagnostics, Baroda, India). Briefly, 100 µl reagent was added to either 10 µl of serum or tissue homogenate and mixed well. The initial absorbance was recorded immediately and four readings were taken at 1 min intervals against distilled water at 340 nm. GPT levels were expressed as IU/l.



Thiobarbituric Acid Reactive Substances

Thiobarbituric acid reactive substances (TBARS) were measured following the method of Ohkawa et al. (1979). In this assay, malondialdehyde (MDA), the end product of lipid peroxidation, reacts with thiobarbituric acid (TBA). Muscle (1 g) was homogenized in 9 ml of KCl (1.15%). The sample was incubated in an acid medium containing 0.45% sodium dodecyl sulfate (SDS) and 0.6% TBA for 1 h at 100°C. After cooling, the sample was centrifuged at 800×g for 15 min at 4°C. The absorbance of the supernatant was measured at 532 nm. The standard was prepared using 1,1,3,3-tetramethoxy propane. The result was expressed as µmol MDA/mg protein.



Carbonyl Protein

Carbonyl protein (CP) was measured using the method of Lenz et al. (1989). Muscle (100 mg) was homogenized in 1 ml of potassium phosphate buffer (50 mM pH 7.0) containing 0.5 mM ethylenediaminetetraacetic acid (EDTA) and 100 µM of phenylmethylsulfonyl fluoride. A 250 µl aliquot of homogenate was mixed with 0.5 ml of 10% TCA and centrifuged at 13,000×g for 5 min. The pellet was collected for the assay and was mixed with 1 ml of dinitrophenyl hydrazine (10 mM DNPH) dissolved in 2 M HCl. The mixture was incubated at room temperature for 1 h. Then the mixture was centrifuged at 13,000×g for 5 min and the pellet was washed with 1 ml of ethanol-butylacetate (1:1, v/v). The process of washing of the pellet was repeated thrice. The pellet was dissolved in 1.5 ml of 6 M guanidine hydrochloride and centrifuged at 13,000×g for 5 min. The optical density of the collected supernatant was measured at 370 nm and expressed as µmoles of carbonyl protein/µg protein in the guanidine chloride solution. A blank was prepared using 1 ml of 2 M HCl instead of the DNPH solution. The amount of carbonyl protein was evaluated using a molar extinction coefficient of 22 × 103/M/cm.



Superoxide Dismutase

The superoxide dismutase (SOD) of muscles was analyzed using the method of Kakkar et al. (1984). Hepatopancreas (200 mg) was homogenized in 1 ml chilled sodium phosphate buffer (0.1 M, pH 7.4). The homogenate was centrifuged at 10,000×g for 10 min and the resulting supernatant was centrifuged again at 12,500×g for 10 min at 4°C for the preparation of post mitochondrial supernatant (PMS). A reaction mixture was made with 1.2 ml (0.052 M) sodium pyrophosphate buffer, 0.2 ml post mitochondrial supernatant, 0.1 ml (186 mM) phenazine methosulfate, 0.3 ml (300 mM) nitroblue tetrazolium, and 1.0 ml of distilled water. To this, 0.2 ml of nicotinamide adenine dinucleotide (NADH, 780 mM) was added and incubated for 90 s. A 1 ml of glacial acetic acid was added to stop the reaction. The color intensity of the chromogen was measured at 560 nm. A control reaction was made in which the post-mitochondrial supernatant was replaced with sodium pyrophosphate buffer. SOD activity was expressed as units/min/µg of protein. One unit of enzyme was defined as the amount of enzyme inhibiting the rate of reaction by 50%.



Heat Shock Proteins 70 and 90

Heat shock protein (Hsp 70) of the hepatopancreas was assayed using the Fish Heat Shock Protein 70 kit (ELISA, CUSABIO, Wuhan, China). The tissue (100 mg) was rinsed with 1× phosphate buffer saline (pH 7.4), homogenized in 1 ml PBS and stored overnight at −20°C. After two freeze-thawing cycles, the homogenate was centrifuged at 5,000×g for 5 min at 4°C. The supernatant was collected and stored at −80°C for assay. A sample (50 µl) was added to the ELISA plate (ninety six-well plate), which was pre-coated with antibody. Conjugate (50 µl) was added to each well except the blank and mixed well, and incubated at 37°C for 60 min. Each well was aspirated and washed with 200 µl of washing buffer three times. A 50 µl of HRP-avidin was added to each well, except the blank and mixed properly. It was incubated for 30 min at 37°C. The aspiration was repeated three times. Substrates A and B (each 50 µl) were added to each well and incubated for 15 min at 37°C. The stop solution (50 µl) was gently added to this and mixed properly. Absorbance was recorded at 450 nm using a microplate reader. The concentration of Hsp 70 was expressed in pg/ml.

The concentration of Hsp 90 was measured using an Hsp 90 ELISA kit (CUSABIO, Wuhan, China). All procedures were similar to the estimation of Hsp 70, except the type of antibody coated in the wells, conjugate, HRP-avidin, and constituents of substrates A and B. Absorbance was recorded at 450 nm. The concentration of Hsp 90 was expressed in pg/ml.



Estimation of Protein

Total tissue protein was determined following the method of Lowry et al. (1951). The optical density of the sample was recorded at 750 nm. Distilled water was used as a blank.



Statistical Analysis

Data were compiled as mean ± SE. All data were analyzed using one-way analysis of variance (ANOVA) with the help of SPSS 16.0 software (SPSS Inc., Chicago, IL), Duncan’s multiple range tests, DMR (Montgomery, 1984), and regression analysis. Statistical significance was accepted at the P <0.05 level.




Results


Performance of Fish

All feeding regimes resulted in a 100% survival rate of the fish. There was no significant difference in the average weight of catla before UV-B exposure. After 10 days of exposure, the average weight of exposed fish was reduced by reduced 26.32% compared to the unexposed control fish. Fish were fed enriched diets from day 11 and the impact of diets was reflected in the growth of UV-B exposed catla. Among the exposed fish, a significantly higher average weight was found in the A. aspera seed-supplemented diet (D3) fed catla compared to the other diets fed fish throughout the culture period (Figure 1). On day 7, there was no significant difference in the average weight of fish in the D1, D2, and D4a treatments. On day 14, a significantly higher average weight was found in D1 diet-fed fish compared to D2 and D4a treatments. On this day, there was no significant difference between D2 and D4a treatments. On day 21, the average weight was minimal in D4a treatment. The highest average weight was always found in the unexposed and control diets (D4a) fed catla.




Figure 1 | Average weight of four different diets fed UV-B exposed and unexposed Catla catla. Bars with different superscripts  (a-e) are significantly different (n = 3).





Biochemical Assays


Nitric Oxide Synthase

A significantly lower nitric oxide synthase (NOS) level was observed in UV-B exposed and control diet (D4a) fed catla throughout the study period (Figure 2). On day 7 of feeding with enriched diets, the highest nitric oxide synthase level was found in D2 diet-fed fish compared to exposed fish fed with other diets. On day 7, there was no significant difference in nitric oxide synthase levels among enriched diets-fed exposed fish and control diets-fed unexposed fish. On day 14, nitric oxide synthase levels were 6.05–15.90% higher in D2 and D3 diets fed fish compared to the control diet-fed unexposed catla. On day 21, a significantly higher nitric oxide synthase level was found in the D3 diet-fed catla. A direct relationship was found between the NOS level and days of feeding in the D4a treatment.




Figure 2 | Nitric oxide synthase level found in four different diets fed UV-B exposed and unexposed Catla catla. Bars with different superscripts (a-e) are significantly different (n = 3).





Glutamate Pyruvate Transaminase

The glutamate pyruvate transaminase (GPT) level was significantly higher in the control diet-fed exposed fish (D4a) compared to other treatments on day 0 (Figure 3). Among the enriched diets-fed fish, it was always lowest in the D3 diet-fed fish.




Figure 3 | Glutamate pyruvate transaminase level found in four different diets fed UV-B exposed and unexposed Catla catla. Bars with different superscripts (a-b) are significantly different (n = 3).





Thiobarbituric Acid Reactive Substances

Significantly higher thiobarbituric acid reactive substance (TBARS) level was measured in exposed fish compared to the unexposed one on day 0 (Figure 4). Among the enriched diets-fed exposed fish, TBARS levels were significantly lower in the D3 treatment on days 7 and 14 and in D2 and D3 on day 21. In all these exposed fish, TBARS levels decreased with the progress of the culture period.




Figure 4 | Thiobarbituric acid reactive substance level found in four different diets fed UV-B exposed and unexposed Catla catla. Bars with different superscripts (a-e) are significantly different (n = 3).





Carbonyl Protein

On day 0, the carbonyl protein level was significantly higher in exposed control diet-fed catla compared to the unexposed fish (Figure 5). Then fish were fed with enriched diets and the effect of the diet on the carbonyl protein level was recorded. The carbonyl protein level was significantly lower in the D3 diet-fed fish compared to others throughout the study period. The D2 diet-fed catla followed this D2 diet-fed one on days 7, 14, and 21 of feeding.




Figure 5 | Carbonyl protein level found in four different diets fed UV-B exposed and unexposed Catla catla. Bars with different superscripts (a-e) are significantly different (n = 3).





Superoxide Dismutase

On day 0, a 10-fold higher superoxide dismutase (SOD) level was observed in the hepatopancreas of catla in the D4a treatment compared to the fish in the D4b treatment (Figure 6). The positive impact of various feed ingredients was recorded on various sampling days. Significantly lower SOD activity was observed in D3 diet fed catla compared to others. D2 diet fed fish followed by D3 treatment. An inverse relationship was observed between the SOD levels and the days of culture.




Figure 6 | Superoxide dismutase level found in four different diets fed UV-B exposed and unexposed Catla catla. Bars with different superscripts (a-e) are significantly different (n = 3).





Heat Shock Proteins 70 and 90

Significantly higher heat shock proteins (Hsps) 70 and 90 were recorded in D4a treatment compared to D4b on day 0 (Figure 7). Then the fish were fed with enriched diets. A significantly lower Hsp 70 level was recorded in the hepatopancreas of D3 diet fed catla compared to others throughout the study period. On day 7, significantly lower Hsp 90 was recorded in the D2 diet fed catla compared to others (Figure 8). On days 14 and 21, significantly lower Hsp 90 was recorded in D3 diet fed catla compared to others.




Figure 7 | Heat shock protein (Hsp) 70 level found in four different diets fed UV-B exposed and unexposed Catla catla. Bars with different superscripts (a-e) are significantly different (n = 3).






Figure 8 | Heat shock protein (Hsp) 90 level found in four different diets fed UV-B exposed and unexposed Catla catla. Bars with different superscripts (a-e) are significantly different (n = 3).







Discussion

In this study, catla were first exposed to UV-B radiation for 10 days, and then fish were fed with three indigenous plant ingredients like roots of ashwagandha, fruits of amla, and seeds of prickly chaff flower supplemented diets. There was no impact of UV-B exposure on the survival rate of catla, as all the fish survived. It affected the growth of fish. After 10 days of exposure, a 5% reduction in growth was found in exposed fish compared to the initial weight. On day 0, a higher average weight was found in the unexposed catla on day 0 compared to the initial weight of the fish. Among the exposed fish, a significantly higher average weight was found in D3 compared to other treatments throughout the study period. There was no significant difference in average weight among other diets fed exposed fish on day 7. A significant difference in average weight was recorded among four different diets fed exposed catla on day 21. Among exposed catla, the average weight was in the following order: D3 > D1 > D2 > D4a. Though ashwagandha and amla-supplemented diets-fed fish showed a slower growth rate compared to fish fed a seed-supplemented diet, the fish of these two former groups showed a 17.07–22.30% higher growth rate compared with the control diet-fed exposed fish on day 21. An earlier study also showed an increased growth rate of 0.5% in A. aspera seed-supplemented diet-fed rohu and common carp. The presence of ecdysterone and all essential and non-essential amino acids in the seeds of A. aspera influenced the growth of fish (Chakrabarti et al., 2012; Singh et al., 2013a; Singh et al., 2013b; Kumar et al., 2021).

Incorporation of plant ingredients improved the immune system as higher levels of nitric oxide synthase were found in enriched diets-fed exposed catla compared to the control diet fed exposed catla in the present study. On all three days of sampling, an even higher level of nitric oxide synthase was recorded in the D3 diet-fed exposed fish compared to the control diet-fed unexposed one. A similar result was found in 0.5% A. aspera seed-supplemented diet-fed rohu (Srivastava and Chakrabarti, 2012). The immunostimulating effect of seeds might be due to the presence of essential fatty acids like linolenic acid and oleic acid in the seeds (Chakrabarti et al., 2012). The presence of vitamin C in the seeds of A. aspera improved the health status of enriched diet-fed fish (Kumar et al., 2021). The antioxidant active compounds like emblicanin A, B, and tannins such as punigluconin and pedunculagin are present in amla (Bhattacharya et al., 1999; Bhattacharya et al., 2002). These compounds are known for their immunomodulating effects and gastroprotective properties (Sai Ram et al., 2002; Al-Rehaily et al., 2002). Amla also showed radiation protective ability (Scartezzini and Speroni, 2000). The presence of steroidal alkaloids and steroidal lactones, withanolides, withaferin A and withanolide D confirmed the anti-stress and antioxidant activity of ashwagandha in rat brain cortex (Bhattacharya et al., 1997a; Bhattacharya et al., 1997b; Matsuda et al., 2003; Widodo et al., 2008).

A higher level of GPT is an indicator of liver damage. The UV-B irradiated catla showed a higher level of GPT compared to the unexposed group. Significantly higher GPT was recorded in UV-B exposed catla larvae (Sharma et al., 2010). This was due to increased lipid peroxidation by the UV-B radiation, resulting in poor liver health conditions. Exposure of catla to UV-B radiation substantially increased the TBARS level compared to the unexposed control. The TBARS level also indicates lipid damage. Oxidation of lipid shows the free radical-induced damaged to aquatic organisms (Kubrak et al., 2011). UV-B induced oxidative damage of cell membranes both in vitro and in vivo was assessed by measuring the formation of lipid peroxidation products such as MDA or TBARS. The sea chub Girella laevifrons was exposed to 1, 4, and 5 h of UV-B radiation and lipid peroxidation was found to be maximal after 4 h of exposure (Carrasco-Malio et al., 2014). UV-B radiation increased the level of lipid peroxidation in freshwater prawn Macrobrachium olfersi (Nazari et al., 2010) and sea urchin Strongylocentrotus droebachiensis sperm (Lu and Wu, 2005). A. aspera seed-supplemented diet (D3) provided the highest protection to UV-B irradiated catla as lowest TBARS levels were found in all three days of sampling. The other two diets, D1 and D2, enriched with ashwagandha and amla, also showed reduced TBARS levels in the UV-B exposed fish compared to the D4a treatment. In this study, flavonoids, triterpenoids, polyphenolic compounds, and steroids were reported in the methanolic extract of aerial parts of A. aspera (Tahiliani and Kar, 2000; Varuna et al., 2010) and were related to the antioxidant activity in UV-B exposed catla. The tannoids, the active compounds in amla, gave protection to the fish against lipid peroxidation (Bhattacharya et al., 1999; Bhattacharya et al., 2001). The amla-supplemented diets helped to scavenge the oxidative stress induced by this harmful radiation. A. aspera seeds are a rich source of vitamin C: 166.40 ± 3.41 mg/100 g, dry weight (Kumar et al., 2021).

The reduced carbonyl protein levels were observed in plant ingredient-incorporated diets-fed catla compared to control diet-fed exposed catla. In this study, significantly lower carbonyl protein levels were found in D3 diet-fed exposed fish compared to the control diet-fed unexposed one. This showed the role of plant ingredients as natural antioxidant defenses against environmental stress like UV-B. The enhanced SOD level in the exposed fish compared to the unexposed one indicated the amount of superoxide radicals and other forms of ROS present in the system (Terra et al., 2012). UV radiation caused higher superoxide dismutase activity in Atlantic cod Gadus morhua larvae (Lesser et al., 2001). The exposure of embryos of sea urchins to UV-B radiation resulted in significantly higher concentrations of superoxide dismutase activity (Lesser and Barry, 2003). In sea chub, SOD levels were significantly higher in the 2 h exposed treatment compared to the 3, 4, and 5 h exposed treatments (Carrasco-Malio et al., 2014). The SOD level decreased in catla fed with plant ingredient-supplemented diets on day 7, and the level was further reduced on days 14 and 21. The enhanced antioxidant activity of the D3 diet was due to the presence of high phytoactive constituents, protein, and vitamin C in the seeds of A. aspera (Khan et al., 2010; Manjunatha et al., 2012; Kumar et al., 2021). Ashwagandha contained sitoindosides VII–X and withaferin-A and showed a significant antioxidant effect in rats (Bhattacharya et al., 1997a).

In this study, UV-B irradiated catla showed 2.50-fold and 6.97-fold higher Hsp70 and Hsp90 levels, respectively, compared to the control fish on day 0. A similar result was also observed in UV-B irradiated pike Esox lucius embryos whose level of Hsp/Hsc 70 was found higher after 3 h of exposure (Vehniainen et al., 2012). Higher concentrations of stress proteins could be toxic and therefore it can alter or interfere with the normal cellular functions, notably cell growth and development (Krebs and Feder, 1997). This resulted in the poor growth of catla exposed to UV-B. Many studies also reported that increased level of heat shock protein 70 (Hsp 70) could be associated with reduced individual fitness (Feder et al., 1997; Silbermann and Tatar, 2000; Sorensen et al., 2003; Tine et al., 2010). This was confirmed in this study, as a higher level of Hsp 70 was found in control diet-fed larvae. Feeding of three plant ingredient-supplemented diets reduced the level of Hsp 70 and 90 expressions in catla fish and showed anti-stress and bioprotective properties of the diets against harmful UV-B radiation.



Conclusion

Dietary supplementation of seeds of A. aspera (0.5%), root powder of W. somnifera (0.5%), and fruit powder of E. officinalis (1.25%) showed promising results in overcoming the harmful effect of UV-B radiation in pre-exposed C. catla. The enriched diets helped the fish in their recovery process. The seed-supplemented diet showed significantly higher UV-B protective properties compared to the other two plant-ingredient-enriched diets in fish.
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