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Abstract 
Objective: The present study was aimed to evaluate the impact of Phytocee™ (PHY) on survivability of 

Litopenaeus vannamei shrimp challenged with white spot syndrome virus (WSSV) and salinity shock 

stress (SSS).  

Methods: In experiment 1, shrimps were distributed into two groups viz AAM500 (AAM, ascorbic acid 

monophosphate) and AAM500+PHY500, and its impact on survival rate in normal shrimps without any 

challenge was recorded. In experiment 2, four groups viz AAM500, AAM500+PHY1000, AAM250 and 

AAM250+PHY1000 were subjected to WSSV challenge after 28 days of feeding. In experiment 3, two 

groups viz AAM500 and AAM500+PHY1000 were exposed to SSS after 42 days. The mortality (%) and 

median lethal time (MLT) were recorded in experiment 2 and 3. 

Results: PHY500 produced a better survivability in normal shrimps, and PHY1000 displayed a lesser 

mortality (%) and higher MLT in shrimps challenged with WSSV and SSS.  

Conclusions: This study demonstrated the adaptogenic potential and anti-stress activity of Phytocee ™, 

hence it could be recommended to use safely in shrimps for better disease resistance and survivability. 
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Introduction 

Shrimp is profitable and globally cultivated crustacean species, and presently Pacific whiteleg 

shrimp (Litopenaeus vannamei) is the principal species cultivated in India and across the 

globe. In India, shrimp farming contributes to the 70% of seafood collected from 1.20-million-

hectare of saline water that is spread across the nine maritime states [1]. However, variations in 

environmental conditions are the potential stressors to the animals, resulting in limited growth, 

increased vulnerability to infectious diseases and even high mortalities in extreme cases [2, 3]. 

Though the shrimp culture techniques and field managemental practices have significantly 

improved in the recent years, concerns of infectious diseases and mortality are still a threat to 

the industry. It has been a well-known fact that invertebrates possess two internal homeostasis 

protection systems viz innate immunity system and environmental stress responding system, 

together play a pivotal role in the protection of cells against biotic and abiotic stresses. 

Shrimps are invertebrates which are extremely sensitive to environmental variations. 

Furthermore, shrimp as an aquatic habitat are exposed to wide variety of stresses like sudden 

temperature and salinity shifts, heavy metal toxicity, viral infection and various other 

pathogenic microorganisms. Shrimps can combat such stress conditions only with the help of 

their innate immunity [4, 5] as they lack adaptive immunity and ability to produce 

immunoglobulins [6]. 

The shrimp-culture industry around the world has faced the problem of epizootics caused by 

more than 20 viruses [7]. Of these, white spot syndrome virus (WSSV) has caused 100% 

mortality in many farms with consequent severe economic losses [8], which would happen in 4-

7 days in lab and 10-14 days in the ponds [9]. Although WSSV has been extensively studied in 

the past two decades and several detecting protocols have been well established [10]. The 

solution for virus treatments is still not available. Till now, good managemental practices have 

been considered as the only way to prevent viral outbreaks [11]. However, number of plants 

from both terrestrial and marine origin have been tested against viral diseases to judge their 

immunostimulant efficacy [12]. In addition, herbal preparations significantly contribute in stress 
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management, stimulation of appetite, and more importantly 

stimulation of immune system even at low concentrations [13]. 

Research from our laboratory have also shown that 

Phytocee™ has anti-stress, antioxidant and 

immunomodulatory potential through modulating the 

hypothalamic-pituitary-adrenal axis in broiler chickens. With 

this background, the present study was conducted to evaluate 

the adaptogenic and immunomodulatory effect of phytogenic 

feed additive, Phytocee™ by determining the survivability 

rate and median lethal time (MLT) of Litopenaeus vannamei 

shrimp using WSSV challenge and salinity stress challenge 

models.  

 

Materials and Methods 

Test material used 
The phytogenic feed additive, Phytocee™ is formulated by 

Natural Remedies Pvt. Ltd., Bengaluru, India and is 

composed of Emblica officinalis, Withania somnifera, and 

Ocimum sanctum. The formulation was standardized to 

contain a known quantity of polyphenols and gallic acid. 

 

Study design and experimental setup  
A total of 610 specific pathogen free Litopenaeus vannamei 

shrimps procured from Shrimp Improvement Systems, 

Florida, USA, were randomly distributed among the three 

experiments (Table 1) and reared under standard conditions. 

However, three days before starting the disease challenge trial 

(experiment 2), shrimps were transferred from feeding trial 

facility to disease challenge facility and housed in 10L 

individual infection units for acclimatization. All the shrimps 

were fed with respective pelleted feed prepared according to a 

formula proprietary to IMAQUA. Uneaten food and waste 

materials were removed daily before feeding. The water 

quality parameters such as dissolved oxygen (≥4 mg/L), 

temperature (27±1.0°C), pH (7.80 – 8.50), total ammonia 

nitrogen (<0.05 mg/L) and nitrites (≤0.8 mg/L) were 

measured every day and salinity (20 ppt) was measured every 

3 days.  

 
Table 1: Study design and experimental setup 

 

Experiment 1: Assessment of survivability under normal conditions 

Group 
Treatment Shrimp per group 

(X replicates) 
Feeding Period 

AAM (g/ton feed) Phytocee™ (g/ton feed) 

AAM500 500 - 210 (70 X 3) 
42 Days 

AAM500+PHY500 500 500 210 (70 X 3) 

Experiment 2: Assessment of mortality and median lethal time under WSSV challenge 

AAM500 500 - 30 (10 X 3) 

28 Days 

AAM500+PHY1000 500 1000 30 (10 X 3) 

AAM250 250 - 30 (10 X 3) 

AAM250+PHY1000 250 1000 30 (10 X 3) 

Mock Control - - 10 

Experiment 3: Assessment of mortality and median lethal time under salinity stress challenge 

AAM500 500 - 30 (10 X 3) 
42 Days 

AAM500+PHY1000 500 1000 30 (10 X 3) 

 

Experimental procedure 
In experiment 1, Litopenaeus vannamei shrimps were fed for 

42 days with respective experimental diets viz control group 

(AAM500) and treatment group (AAM500+PHY500) without 

any experimental challenge according to experimental setup 

in Table 1. After 28 days of feeding, the disease challenged 

trial (experiment 2) was performed by oral inoculation of 

shrimp with WSSV [14] Thai-1 strain according to the 

procedure ‘feed inoculation’ as described by Van Thuong et 

al. [15]. In order to assess the effect of the experimental 

products on the shrimp resistance to stress, shrimps were 

exposed to osmotic stress (salinity shock from 20 to 0 ppt) 

after 42 days of feeding trial (experiment 3). 

 

Observations 
The survival rate was recorded to determine the impact of 

Phytocee™ on survivability of shrimps under normal 

condition free from challenges (experiment 1). In experiment 

2, the mortality (%) and MLT were observed for all the 

groups for 7 days post-inoculation. In experiment 3, the 

number of dead shrimp and time of death were recorded every 

20 mins for 6 hours in each group, which was further used to 

calculate the mortality (%) and MLT (minutes). 

 

Statistical analysis 

The data were expressed as mean and standard error of the 

mean (S.E.M).  

 

 

Results 

Experiment 1: Assessment of survivability under normal 

conditions 
The survival (%) of Phytocee™ supplemented group was 

comparatively higher when compared to control group 

containing AAM (500 g/ton). The survival (%) exhibited by 

treatment groups AAM500 and AAM500+PHY500 was 79.73 

± 2.74 and 87.37 ± 3.85 respectively (Figure 1). 

 

 
  

Fig 1: Impact of Phytocee™ on survivability of Litopenaeus 

vannamei shrimp without challenge 
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Values are expressed as mean ± S.E.M; n=3; AAM, Ascorbic 

acid monophosphate; PHY, PhytoceeTM 

 

Experiment 2: Assessment of mortality and MLT under 

WSSV challenge 
As expected, there was no mortality observed in mock control 

groups. Supplementation of Phytocee™ (1000 g/ton) along 

with basal diets containing AAM250 and AAM500 reduced 

the mortality (%) in shrimps challenged with WSSV. Among 

all groups, AAM500+PHY1000 produced the least mortality 

(43.33%) which is below 50%, hence MLT was not calculated 

for this group. AAM250+PHY1000 produced the lesser 

mortality and higher MLT as compared to the respective 

control group containing AAM250. The treatment groups 

AAM500, AAM500+PHY1000, AAM250 and 

AAM250+PHY1000 exhibited the mortality (%) was 50.00 ± 

1.49, 43.33 ± 0.80, 66.67 ± 0.80 and 56.67 ± 1.67, 

respectively, and the MLT was 144, 84 and 96 hours 

respectively (Table 2).  

 
Table 2: Effect of Phytocee™ on mortality and MLT of Litopenaeus 

vannamei shrimp challenged with WSSV 
 

Treatment Mortality (%) MLT (hpi) 

Mock control 00.00 ± 0.00 - 

AAM500 50.00 ± 1.49 144 

AAM500+PHY1000 43.33 ± 0.80 - 

AAM250 66.67 ± 0.80 84 

AAM250+PHY1000 56.67 ± 1.67 96 

Values are expressed as mean ± S.E.M; n=3;  

AAM, Ascorbic acid monophosphate; PHY,  

PhytoceeTM; MLT, Median lethal time; WSSV, White 

 spot syndrome virus; hpi, Hours post-inoculation 

 

Experiment 3: Assessment of mortality and MLT under 

salinity stress challenge 
In salinity stress experiment, the mortality (%) and MLT 

(minutes) were improved in the Phytocee™ supplemented 

group as compared to basal diet group containing AAM500. 

The AAM500 and AAM500+PHY1000 groups exhibited the 

mortality (%) was 66.67 ± 1.67 and 50.00 ± 1.05 respectively 

and the MLT (minutes) was 260 and 340 respectively (Figure 

2 & 3). 

 

 
 

Fig 2: Impact of Phytocee™ on mortality of Litopenaeus vannamei 

shrimp under salinity stress challenge 

 

Values are expressed as mean ± S.E.M; n=3; AAM, Ascorbic 

acid monophosphate; PHY, PhytoceeTM 

 

 
 

Fig 3: Impact of Phytocee™ on MLT of Litopenaeus vannamei 

shrimp under salinity stress challenge 

 

Values are expressed as mean ± S.E.M; n=3; MLT, Median 

lethal time; AAM, Ascorbic acid monophosphate; PHY, 

PhytoceeTM 

 

Discussion 
The defence mechanisms of crustaceans are less developed 

when compared to finfish and other vertebrates. More 

specifically, crustaceans have no adaptive memory, hence, 

they do not have the ability of producing immunoglobulins. 

Since shrimp lacks an adaptive immune system, the innate 

immune system and environmental stress responses are the 

only defensive mechanism to combat infectious diseases and 

environmental stresses. Adaptogens are the natural 

immunomodulators that enhances the confrontation ability of 

aquatic animals against pathogens through augmentation of 

non-specific defence mechanism, and many literature reported 

the use of phytobiotics in aquaculture to stimulate the activity 

of components of immune system [16-18] Agarwal and Singh 

reported immunomodulating effects of various Indian 

medicinal plants in mammalian models [19].  

The present study was designed and conducted to ascertain 

the adaptogenic and immunomodulatory effect of a 

phytogenic feed additive, Phytocee™ by evaluating its impact 

on survivability under normal conditions, and mortality and 

MLT in Litopenaeus vannamei shrimps exposed to WSSV 

and salinity stress challenges. In the current study, 

Phytocee™ when given in basal diet containing AAM500 

resulted in better survivability in shrimps reared under 

conditions free from challenges and the survivability is 7.64% 

higher than normal control containing AAM500 (87.37% vs 

79.73%). Besides, Phytocee™ at 1000 g/ton feed was found 

to display better protection against WSSV challenge as 

compared to AAM500 and the mortality observed in 

AAM500+PHY1000 was 7% lesser than control group. When 

Phytocee™ supplemented with AAM250, there was about 

10% better survival or lesser mortality in comparison with 

control group fed with basal diet containing AAM250 

(mortality 56.67 vs 66.67%). AAM was found to produce a 

dose-dependent reduction in mortality, AAM500 having 

produced a better protection against WSSV challenge as 

compared to AAM250 (mortality 50% vs 66.67%). Among all 

treatment groups, AAM500+PHY1000 group had shown the 

least mortality (43.33%) in WSSV challenge study. Similarly, 

AAM500+PHY1000 had also exhibited a better protection 

and lesser mortality against salinity stress challenge in 
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shrimps and the mortality was 16.67% lesser when compared 

to control group, AAM500 (mortality 50% vs 66.67%). These 

results indicate the Phytocee™ supplementation complements 

AAM in augmentation of shrimp immune response and thus 

providing a better protection against WSSV viral challenge 

and salinity stress challenge. The better survivability of 

Phytocee™ supplemented shrimps through better resistance to 

WSSV challenge and salinity stress challenges observed in 

the present study was supported by Immanuel et al. and 

Citarasu who reported the supplementation of herbal extracts 

to post-larvae enhanced the survivability and augmented the 

production of Penaeus indicus [20, 21]. It was also reported that 

supplementation of mixture of Chinese herbs caused the 

augmentation of nonspecific immunity in fishes and shrimp 
[22, 23]. In addition, Yu et al. demonstrated the improvement in 

survival rate of Litopenaeus vannamei following 

supplementation of medicinal herbs added diets [24]. 

Phytocee™ treated shrimps was found to display a higher 

MLT both in WSSV and salinity stress challenge models. The 

shrimps fed Phytocee™ along with AAM250 had shown a 

better resistance to mortality when subjected to WSSV 

challenge (MLT 96 hrs vs 84 hrs). AAM500+PHY1000 had 

shown the best resistance to WSSV challenge among all 

treatment groups as there was the least mortality (43.33%). In 

salinity challenge study, Phytocee™ has also produced a 

better MLT that is 80 minutes more than respective control 

group (340 minutes vs 260 minutes). These results signify that 

Phytocee™ supplementation improves the resistance and 

endurance of shrimps as a result they could face the 

challenges better and survive for a longer period time. This 

result agreed with the findings of Divya et al. who reported 

the supplementation of Phytocee™ improved the swimming 

time by 1.7-fold and reduced the immobility time in rats 

subjected to chronic variable stress [25], implying its endurance 

enhancing, anti-stress and adaptogenic potential. Various 

research studies conducted by Chandrasekaran et al., Joseph 

et al. and Selvam et al. also supported the adaptogenic role of 

Phytocee™ through its immunomodulatory, anti-stress and 

antioxidant activities exerted by water soluble polyphenolic 

compounds present in it [26- 28]. 

W. somnifera, one of the vital ingredients of Phytocee™ is 

known to enhance the swim endurance, reduce the stress 

induced cortisol concentration and improve the immunity in 

animals [29] and increases the survivability duration of shrimp 

challenged with WSSV [30]. O. sanctum, another ingredient in 

Phytocee™ is observed to boost defence mechanism against 

various infectious diseases through augmenting the immune 

responses in nonstressed and immunosuppressed animals [31-

33]. Similarly, the phytoconstituents present in the leaves of O. 

sanctum such as water-soluble phenolic compounds, eugenol, 

methyl eugenol and caryophyllene are known to have 

potential immunostimulant properties [34]. Oral 

supplementation of E. officinalis, another ingredient in 

Phytocee™ caused enhancement in the immune system and 

subsided the microbial infection in the goldfish Carassius 

auratus [35]. Jayathirtha and Mishra reported the 

supplementation of E. officinalis in the diet of Tilapia resulted 

in the augmentation of specific and nonspecific immune 

system and provided the protection against Aeromonas 

hydrophila infection [36]. 

The beneficial effects of Phytocee™ could be attributed to the 

collective effect of its individual ingredients viz E. officinalis, 

O. sanctum and W. somnifera which are rich in polyphenols, 

withanolides and triterpenoids. These phytochemical 

constituents are earlier proven to be responsible for 

antistress/adaptogenic effect [37-40]. These results also 

confirmed that Phytocee™ supplementation improves the 

resistance and endurance of shrimps through improving the 

energy status and immunity of shrimps as whole, hence 

results in better protection and survival as they are better 

prepared to face challenges. 

 

Conclusion 

Phytocee™ has adaptogenic potential through enhancing the 

endurance and immune response of shrimps and consequently 

provides better resistance and protection against WSSV and 

salinity stress challenges resulting in higher survivability and 

MLT. Besides, Phytocee™ supplementation improves the 

energy status, endurance and immunity of shrimps and 

complements AAM in augmenting the immune response for 

better protection and survival during challenge conditions. 

Hence, Phytocee™ can be recommended to use safely along 

with AAM in Litopenaeus vannamei shrimp culture for better 

disease resistance and survivability. However, further 

investigations are required at molecular level to elucidate the 

concrete mechanism of action of adaptogenic and 

immunomodulatory property of Phytocee™ in shrimps. 

 

References 
1. Kumaran M, Anand PR, Kumar JA, Ravisankar T, Paul J, 

Vimala DD et al. Is Pacific white shrimp (Litopenaeus 

vannamei) farming in India is technically efficient?—A 

comprehensive study. Aquaculture. 2017; 468:262-270. 

2. Boyd CE, Tucker CS. Pond aquaculture water quality 

management. Springer Science & Business Media, 2012. 

3. Jiang LX, Pan LQ. Effect of dissolved oxygen on 

immune parameters of the white shrimp Litopenaeus 

vannamei. Fish and Shellfish Immunol. 2005; 2:185-188. 

4. Wang PH, Gu ZH, Wan DH, Zhang MY, Weng SP, Yu 

XQ et al. The shrimp NF-κB pathway is activated by 

white spot syndrome virus (WSSV) 449 to facilitate the 

expression of WSSV069 (ie1), WSSV303 and 

WSSV371. PloS one. 2011; 6:e24773. 

5. Chen WY, Ho KC, Leu JH, Liu KF, Wang HC, Kou GH 

et al. WSSV infection activates STAT in shrimp. Dev 

Comp Immunol. 2008; 32:1142-50. 

6. Rowley AF, Powell A. Invertebrate immune systems–

specific, quasi-specific, or nonspecific? J Immunol. 2007; 

79:7209-7214 

7. Lightner DV. A handbook of shrimp pathology and 

diagnostic procedures for diseases of cultured penaeid 

shrimp. Baton Rouge: World Aquaculture Society, 1996. 

8. Chou HY, Huang CY, Lo CF, Kou GH. Studies on 

transmission of white spot syndrome associated 

baculovirus (WSBV) in Penaeus monodon and Penaeus 

japonicus via waterborne contact and oral ingestion. 

Aquaculture. 1998; 164:263-276. 

9. Jha RK, Xu ZR, Trisnadi A. Vaccine research against 

white spot syndrome virus (WSSV) of shrimp: challenges 

and difficulties. World Aquaculture, 2010. 

10. Meng XH, Jang IK, Seo HC, Cho YR. A TaqMan real-

time PCR assay for survey of white spot syndrome virus 

(WSSV) infections in Litopenaeus vannamei postlarvae 

and shrimp of farms in different grow-out seasons. 

Aquaculture. 2010; 310:32-37. 

11. Sánchez‐Martínez JG, Aguirre‐Guzmán G, Mejía‐Ruíz 

H. White spot syndrome virus in cultured shrimp: a 

review. Aquac Res. 2007; 38:1339-1354. 

http://www.fisheriesjournal.com/


 

~ 265 ~ 

International Journal of Fisheries and Aquatic Studies http://www.fisheriesjournal.com 

12. Chakraborty S, Ghosh U. Pharmaceutical and 

phytochemical evaluation of a novel anti–white spot 

syndrome virus drug derived from marine plants. Int J 

Nat Prod Res. 2013; 3:82-91. 

13. Logambal SM, Venkatalakshmi S, Michael RD. 

Immunostimulatory effect of leaf extract of Ocimum 

sanctum Linn. In Oreochromis mossambicus (Peters). 

Hydrobiologia. 2000; 430:113-120. 

14. Escobedo-Bonilla CM, Wille M, Sanz VA, Sorgeloos P, 

Pensaert MB, Nauwynck HJ. In vivo titration of white 

spot syndrome virus (WSSV) in specific pathogen-free 

Litopenaeus vannamei by intramuscular and oral routes. 

Dis Aquat Organ. 2005; 66:163-70. 

15. Van Thuong K, Van Tuan V, Li W, Sorgeloos P, Bossier 

P, Nauwynck H. Per os infectivity of white spot 

syndrome virus (WSSV) in white-legged shrimp 

(Litopenaeus vannamei) and role of peritrophic 

membrane. Vet Res. 2016; 47(1):39. 

16. Rao YV, Das BK, Jyotyrmayee P, Chakrabarti R. Effect 

of Achyranthes aspera on the immunity and survival of 

Labeo rohita infected with Aeromonas hydrophila. Fish 

Shellfish Immunol. 2006; 20:263-273. 

17. Sahu S, Das BK, Mishra BK, Pradhan J, Sarangi N. 

Effect of Allium sativum on the immunity and survival of 

Labeo rohita infected with Aeromonas hydrophila. J 

Appl Ichthyol. 2007; 23:80-86. 

18. Ardó L, Yin G, Xu P, Váradi L, Szigeti G, Jeney Z et al. 

Chinese herbs (Astragalus membranaceus and Lonicera 

japonica) and boron enhance the non-specific immune 

response of Nile tilapia (Oreochromis niloticus) and 

resistance against Aeromonas hydrophila. Aquaculture. 

2008; 275:26-33. 

19. Agarwal SS, Singh VK. Immunomodulators: a review of 

studies on Indian medicinal plants and synthetic peptides. 

Part 1: Med. Plants Proc Ind Natl Sci Acad. 1999; 

65:179. 

20. Immanuel G, Vincybai VC, Sivaram V, Palavesam A, 

Marian MP. Effect of butanolic extracts from terrestrial 

herbs and seaweeds on the survival, growth and pathogen 

(Vibrio parahaemolyticus) load on shrimp Penaeus 

indicus juveniles. Aquaculture. 2004; 236:53-65. 

21. Citarasu T. Herbal biomedicines – a new opportunity for 

aquaculture industry. Aquac Int. 2010; 18:403-414. 

22. Luo R. Induction of immunity substance in Penaeus 

chinensis by Chinese herbal medicine. Oceanologia et 

Limnologia Sinica. 1997; 28:577-585. 

23. Chansue N, Ponpornpisit A, Endo M, Sakai M, Yoshida 

S. Improved immunity of tilapia Oreochromis niloticus 

by C-UP III, a herb medicine. Fish Pathology. 2000; 

35:89-90. 

24. Yu MC, Li ZJ, Lin HZ, Wen GL, Ma S. Effects of dietary 

Bacillus and medicinal herbs on the growth, digestive 

enzyme activity, and serum biochemical parameters of 

the shrimp Litopenaeus vannamei. Aquaculture 

international. 2008; 16:471-480.  

25. Divya P, Sasikumar M, Bharathi B, Prashanth DS, 

Deepak M. Adaptogenic/Antistress Activity of a 

Polyherbal Formulation (Phytocee™): Mechanism to 

Combat Stress. Int J Innovat Sci Res Technol. 2019; 

4:433-439.  

26. Chandrasekaran CV, Sundarajan K, David K, Agarwal A. 

In vitro efficacy and safety of poly-herbal formulations. 

Toxicol in Vitro. 2010; 24:885-897. 

27. Joseph JA, Radhakrishnan U, Mutyala S, Goudar KS, 

Thachappully Ayyappan UP, Agarwal A. Antioxidant 

and protective effects of Phytocee™ against carbon 

tetrachloride-induced oxidative stress. J Nat Sc Biol Med 

2015; 6:183-187.  

28. Selvam R, Suresh S, Saravanakumar M, Chandrasekaran 

CV, Prashanth DS. Alleviation of heat stress by a 

polyherbal formulation, Phytocee™: impact on 

zootechnical parameters, cloacal temperature, and stress 

markers. Pharmacognosy Res. 2018; 10:1-8. 

29. Singh N, Bhalla M, de Jager P, Gilca M. An overview on 

ashwagandha: A Rasayana (Rejuvenator) of Ayurveda. 

Afr J Tradit Complement Altern Med. 2011; 8:208-213. 

30. Yogeeswaran A, Velmurugan S, Punitha SM, Babu MM, 

Selvaraj T, Kumaran T et al. Protection of Penaeus 

monodon against white spot syndrome virus by 

inactivated vaccine with herbal immunostimulants. Fish 

& Shellfish Immunol. 2012; 32:1058-67. 

31. Hemalatha R, Babu KN, Karthik M, Ramesh R, Kumar 

BD, Kumar PU. Immunomodulatory activity and 

Th1/Th2 cytokine response of Ocimum sanctum in 

myelosuppressed swiss albino mice. Trends Med Res. 

2011; 6:23‑31. 

32. Tripathi AK, Rajora VS, Gupta DK, Shukla SK. 

Immunomodulatory activity of Ocimum sanctum and its 

influence on cyclophosphamide induced 

immunosuppression. Indian J Anim Sci. 2008; 78:33‑36. 

33. Chitra G, Krishnaveni N. Immunostimulatory effect of 

Ocimum sanctum leaf extract on the Indian major carp, 

Catla catla. Plant Archives. 2011; 11:213-214. 

34. Chopra RN, Nayar SL, Chopra IC. Glossary of Indian 

medicinal plants. CSIR Publication. New Delhi. 

1956:151. 

35. Minomol M. Culture of Gold fish Carassius auratus 

using medicinal plants having immunostimulant 

characteristics. M. Phil Dissertation, MS University, 

India, 2005. 

36. Jayathirtha MG, Mishra SH. Preliminary 

immunomodulatory activities of methanol extracts of 

Eclipta alba and Centella asiatica. Phytomedicine. 2004; 

11:361-5. 

37. Budhiraja RD, Krishan P, Sudhir S. Biological activity of 

withanolides. J Sci Ind Res. 2000; 59:904-911. 

38. Stevenson DE. Polyphenols as adaptogens— the real 

mechanism of the antioxidant effect. In: Bioactive 

Compounds in Phytomedicine, Iraj Rasooli. In Tech. 

2012, 143-162.  

39. Perry NL, Camfield DA. Adaptogens. In: Evidence-

Based Herbal and Nutritional Treatments for Anxiety in 

Psychiatric Disorders, Camfield, D., McIntyre, E. and 

Sarris, J., (Eds.). Springer 2017, 33-55.  

40. Shara M, Kakish E, Stohs SJ. Effects of an Adaptogen-

Based Supplement on Stress Parameters in Healthy 

Volunteers. Int J Complement Alt Med. 2017; 10:00321.  

http://www.fisheriesjournal.com/

