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Abstract 

Watercress (Nasturtium nasturtium) is a medical plant containing diverse chemically-active substances with 

biological properties. The present study was conducted to investigate the immunomodulatory effects of watercress 

extract on immunological and hematological parameters of rainbow trout (Oncorhynchus mykiss). Fish were fed for 

21 days with diet supplemented with 0.1% and 1% of watercress extract per 1 kg food and with a normal diet as 

control. Hematological parameters such as red blood cells (RBC) and white blood cells (WBC), hematocrit (Hct), 

hemoglobin (Hb), RBC index like mean corpuscular volume (MCV), mean corpuscular hemoglobin (MCH) and 

mean corpuscular hemoglobin concentration (MCHC) as well as immunological parameters such as peroxidase, 

lysozyme and complement activities, total protein, albumin and globulin levels were measured after 21 days of 

watercress extract treatment. The results indicated that oral administration of 1 % watercress extract in fish may 

enhance some hematological and immunological parameters including Hb and MCHC, lysozyme and complement 

activities, total protein and globulin levels, compared to the controls after 21 days of experimental period. In 

conclusion, on the basis of these results, oral administration of watercress extract may be useful to improve fish’s 

immune system.    

Keywords: Hematological parameters, Immunological parameters, Nasturtium nasturtium, Rainbow trout, 

Watercress extract. 
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Introduction 
Many scientists believe that the word consumption of 

medical plants is growing rapidly (Aliyu et al., 2007). 

Although the application of antibiotics and chemicals 

can be effective in controlling pathogens in aquatic 

animal farms, the residues of these compounds in meat 

may be a threat to the health of consumers (Biswas et 

al., 2010).  

Recently, several efforts have been made to replace 

chemical drugs by herbal medicine in aquaculture 

industry in many countries (Dügenci et al., 2003; 

Citarasu et al., 2006; Obaroh and  Achionye-Nzeh, 

2011). In fact, most research has focused on the role 

of plant extracts in stimulating the immune system in 

fish comparing with bacterial, parasitic and fungal 

agents (Sivaram et al., 2004; Rao and Chakrabarti, 

2005;  Citarasu et al., 2006; Rao et al., 2006; 

Divyagnaneswari et al., 2007; Sarkar et al., 2011).  

Nevertheless, there are concerns and doubts about the 

use of herbal medicine and their derivatives as 

alternative drugs (Hashemi and Davoodi, 2012).  

These studies did not investigate the impact of herbal 

drugs on health status of the fish. Therefore, our 

knowledge about usage of commercial herbal 

medicine in aquaculture is very limited. Thus, research 

on the effects of these compounds before 

administration is necessary. Watercress (Nasturtium 

nasturtium, Cruciferae family) is a perennial plant 

which growths in clear, cold water and is found in 

ditches and streams everywhere.  

Watercress, which is cultivated for its pungent leaves 

which are used in cooking especially in soups, 

garnishes and salads, is one of the most important 

herbal medicines used in traditional treatment of some 

diseases such as diabetes (Shahrokhi et al., 2009), 

oxidative stress (Yazdanparast et al., 2008), asthma 

(Goda et al., 1999), scorch (Abu-Zinadah, 2008) and 

immune depression (Sonnenbichler et al., 1986). Raw 

watercress leaves are used as salad greens, or can be 

steamed and consumed as a normal processed 

vegetable.  

Watercress is a valuable source of vitamins and a good 

detoxifying herb. This plant contains a relatively large 

amount of vitamins B1, B2, C and pro-vitamin A, 

folic acid, glucosinolates, iodine, iron, protein, and 

especially calcium and sulphur compounds, which 

influence its characteristic odor, but also adds to its 

nutritional benefits (Chung et al., 1992; Rose et al., 

2000; Palaniswamy et al., 2003). The active 

constituents of watercress (Nasturtium nasturtium) 
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extract may strengthen or stimulate the immune 

response by interacting with various parameters of the 

immune system.  

According to published research findings, watercress 

is the richest source of glucosinolates, which can be 

hydrolyzed to produce phenethyl isothiocyanate. 

Isothiocyanates can prevent carcinogen activation 

through the inhibition of phase I enzymes, such as 

cytochrome P 450s (Conaway et al., 1996) and 

through triggering phase II enzymes such as quinine 

reductase (quinine-acceptor), oxidoreductase, 

glutathione -S- transferase (GST) and 

glucuronosyltransferases, resulting ultimately in the 

excretion of potential carcinogens (Wallig et al., 1998; 

Bianchet et al., 1999). In addition, administration of 

watercress extract can inhibit of fibrosis (Abu-

Zinadah, 2008), inhibit of inflammation (Goda et al., 

1999), inhibit of P450 activity (Chung et al., 1992) 

and have antioxidant properties and inhibit of lipid 

peroxidation (Wallig et al., 1998; Bianchet et al., 

1999).  

Based on scientific findings, Kolawole et al. (2011) 

stated that one way to distinguish the appropriate or 

inappropriate prescription of medical plants is the 

assessment of their effects on hematological and 

biochemical parameters in experimental animals.  

Although the effect of oral administration of 

watercress on hematological and immunological 

parameters in experimental animals was previously 

studied, there is not any information about the impact 

of using watercress extract on different parameters of 

immune system of fish.  

Measuring the alterations in innate immunity and non-

specific immune parameters of treated fish with herbal 

derivatives is one way to evaluate the effects of herbal 

drugs on immune system of fish. Therefore, the aim of 

the present study is to assay the effect of watercress 

oral supplement on some non-specific immune 

parameters of rainbow trout. 

Materials and Methods 

Fish and experimental procedure 
Juvenile rainbow trout (Oncorhynchus mykiss, average 

weight 96±10 g, and average length 14±2 cm) were 

purchased from a private farm (Rainbow trout farm, 

Kamiaran, Iran.) and were transferred to another 

private farm (Gavshan village, Kamiaran, Iran).  After 

transport, fish were randomly parceled in nine closed 

water recirculating systems (1000 L) for at least two 

weeks to acclimate to the laboratory conditions (15±2º 

C; pH,7.4±0.2; 212±3 mg per CaCO3; 6±0.5 mg/L 

DO, 20% water exchange rate/day) prior to 

experiments. During acclimation, fish were fed with 

commercial diets (Behparvar Co. Iran) at 2% of their 

body weight twice a day. 

During experimental period, the fish were fed for 21 

days with 0.1 and 1% watercress extract per 1 kg food, 

and commercial diet only as controls, to examine the 

effect on immune parameters. The watercress was 

collected from the bank of Gav River (Gavshan 

village, Kamiaran, Iran) and the extracts were 

prepared according to procedure described by Banaee 

et al. (2011). In this method, watercress leaves were 

extracted with chloroform–methanol (2,1 V/V) in a 

warming blender. This extract was dried over 

anhydrous sodium sulfate, and the solvent was 

removed from the filtrate under reduced pressure at 

45°C.  

Watercress extracts were then mixed with commercial 

diets (Behparvar Co. Iran; Table 1) to achieve doses of 

0.1 and 1 % per 1 kg of fish feed. During the 

experimental period, fish were fed with enriched 

commercial trout pellets with 0 (control), 0.1, and 1 % 

of watercress extract per one kg of food at 2% of their 

body weight twice a day. During the trials, fish were 

observed for appetite. All fish were deprived of food 

for 24 hours before weighing and sampling. The 

following growth parameters were measured at the 

end of the 21-day trial.  
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Immunostimulatory activity was evaluated after the 

21
st
 day of the initial experiments; 12 fish per 

treatment were captured and anesthetized under 

aquatic solution of clove powder (1,5000). Fish from 

each experimental and control groups were bled from 

the dorsal aorta into sterilized glass vials at 4 °C 

containing the anticoagulant ethylene glycol tetra-

acetic acid (EDTA) at 1%.  

The blood was centrifuged for 15 min at 4000 g, 4ºC. 

Plasma were immediately stored at -80ºC until 

biochemistry and immunostimulatory activity 

analysis. 
 

Table 1. Nutrient composition of the commercial diets 

(Behparvar Co. Iran) 

Reference diet Nutrient composition 

92.54 Dry material 

350.24 Metabolize energy (Kcal/g) 

40.22 Crud protein 

10.49 Ether extract (lipid)  

7.86 Ash 

5.79 Crude fiber  

27.36 Carbohydrate  
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Hematological parameters 

The blood was immediately used to determine the 

number of red blood cells (RBC) and white blood cells 

(WBC) by means of a haemocytometer slide at a 

magnification of 400X. Thus, blood was diluted to 10
-

2
 and 10

-3
 in phosphate-buffered saline (PBS) at pH 

7.2 (Sarder et al., 2001). Hematocrit (Hct) was 

determined by the microhematocrit method described 

by Brown (1988). Hemoglobin (Hb) concentration 

was conducted by using the cyanohaemoglobin 

method (Azizoglu and Cengizler, 1996). Red cell 

indices, mean corpuscular volume (MCV, μm3/cell), 

mean corpuscular hemoglobin (MCH, pg/cell), and 

mean corpuscular hemoglobin concentration (MCHC, 

g/l) were calculated from RBC, Ht, and Hb according 

to Banaee et al. (2008) as follows: 
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Alternative complement activity  

Alternative complement activity (ACH50) was 

evaluated following the procedure of Yano (1992) by 

using rabbit red blood cells (RaRBC). Briefly, RaRBC 

were washed and adjusted to 2 x 10
8
 cell/ml in EDTA-

magnesium-gelatin veronal buffer (0.01 M). Precisely 

100 μl of the RaRBC suspension was lysed with 3.4 

ml of distilled water and the absorbance of the 

haemolysate was measured at 414 nm against distilled 

water to acquire the 100% lysis value.  

The test plasma was appropriately diluted, and 

different volumes ranging from 0.1 to 0.25 ml were 

made up to 0.25 ml total volume before being allowed 

to react with 0.1 ml of RaRBC in test tubes. After 

incubation at 20ºC for 90 min with occasional 

shaking, 3.15 ml of a 0.9% (w/v) saline solution was 

added to each tube with centrifugation at 1600 xg for 

10 min at 4ºC. The absorbance (A) of supernatant was 

measured using a spectrophotometer at 414 nm. A 

lysis curve was obtained by plotting the percentage of 

haemolysis against the volume of plasma added. The 

volume of plasma producing 50% haemolysis 

(ACH50) was determined and the number of ACH50 

units/ml was obtained for each fish.  

Lysozyme activity  

The turbidimetric assay for lysozyme was carried out 

according to Lange et al. (2001) with minor 

modifications. Thus, plasma (50 µl) was added to 2 ml 

of a suspension of Micrococcus lysodeikticus (0.2 

mg/ml) in a 0.05 M sodium phosphate buffer (pH 6.2). 

The reaction was carried out at 25ºC and absorbance 

was measured spectrophotometrically at 570 nm after 

0.5 min and 4.5 min. PBS was used as a blank. A unit 

of lysozyme activity was defined as the sample 

amount causing a decrease in absorbance of 

0.001/min. Lysozyme of sample calibrated using a 

standard curve determined with hen’s egg white 

lysozyme (Sigma) in PBS. 

Peroxidaes content 

The total peroxidase content in plasma was measured 

according to the method used by Cuesta et al. (2007). 

Briefly, 10 µl of plasma was diluted in 100 µl of 

Hank's balanced salt solution (HBSS) buffer. Then, 50 

µl of 20mM 3,3',5,5'–tetramethylbenzidine 

hydrochloride and 2.5 mM hydrogen peroxide were 

added. The color change reaction was stopped after 2 

min by adding 50 µl of 2M sulphoric acid and the 

optic density was read at 450 nm. Standard samples 

without plasma were also analyzed. The peroxidase 

activity (unit/ml plasma) was determined defining one 

unit of peroxidase as that which produces an 

absorbance change of 1 OD. 

Blood biochemical parameters 

Plasma total protein and albumin levels were 

measured by using the total protein and albumin kit 

(Parsazma Co. Iran). Globulin levels were calculated 

by subtracting albumin values from plasma total 

protein. 

Statistical analysis 

Statistical analyses were performed using SPSS 

(Release 15) software. Data are presented as mean ± 

SD. All the data were tested for normality 

(Kolmogorov-Smirnov test). Data were analyzed by 

one-way of variance analysis (ANOVA). The 

significant means were compared by Tukey’s test and 

a p < 0.05 was considered statistically significant.  

Results 

No significant differences were observed in the final 

weight, final length, weight gain, specific growth rate 

(SGR) and food convert ratio (FCR),among different 

experimental groups and these groups and the control 

group (Table 2).  

 
Table 2. Changes in final weight, final length, weight gain, 

specific growth rate (SGR) and food convert ratio (FCR), of 

rainbow trout fed for 21 days with 0.0, 0.1 and 1% of 

watercress extract per 1 kg food.  
Concentration 
of watercress 

extract 
Control 0.1% WCE 1% WCE 

Final Weight 
(g) 

115.33±13.88a 116.89±16.60a 116.86±14.37a 

Final Length 

(cm) 
17.26±1.93a 16.89±2.01a 17.24±1.76a 

Weight gain 

(%) 
0.21±0.08a 0.22±0.08a 0.19±0.06a 

SGR (%) 0.39±0.13a 0.41±0.14a 0.36±0.11a 
FCR 1.25±0.15a 1.24±0.16a 1.24±0.15a 
Significant differences between values were characterized by 

alphabetical symbols (one-way ANOVA, p<0.05). Values represent 

mean  S.D. differences when compared with control groups. 

 
For hematological parameters (Table 3), there were no 

significant differences in RBC and WBC counts, Hct, 
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MCV and MCH values between all of treatments and 

control groups on the 21
st
 day. Hb concentrations were 

significantly increased when fish were treated with 

diets enriched with 1% of watercress extract per 1 kg 

food on the 21
st
 day when compared to control (p < 

0.05). MCHC value of fish fed with 1% of watercress 

extract per 1 kg food was significantly higher than its 

value in the control group on 21
st
 day (Table 3). 

 

Table 3. Erythrocyte (RBC), leukocyte (WBC) counts and 

hematocrit (Hct) and hemoglobin (Hb), MCV, MCH and 

MCHC values of rainbow trout fed for 21 days with 0.1 and 

1% of watercress extract per 1 kg food.    

Hematological 
Parameters 

Concentrations of watercress extract 

Control 0.1% WCE 1% WCE 

RBC (106/µl) 1.26±0.15a 1.22±0.17a 1.28±0. 20a 

WBC (104/µl) 19.94±3.24a 21.44±4.03a 20.61±3.18a 

Hb (g/dL) 10.47±2.32a 11.40±3.01ab 12.75±2.87b 

Hct (%) 44.29±5.21a 45.51±3.44a 43.67±3.53a 

MCV (mm3,10-5) 35.5±3.89a 38.1±5.89a 34.7±5.47a 

MCH (pg,10-5) 8.44±2.25a 9.69±3.34a 10.20±2.86a 

MCHC (%) 23.67±5.35a 25.33±7.30ab 29.39±6.97b 

Significant differences between values were characterized by 

alphabetical symbols (one-way ANOVA, p<0.05). Values represent 

mean  S.D. differences when compared with control groups. 

 

No significant change in peroxidase activity in plasma 

of fish fed with watercress extract was observed when 

compared with control group during experimental 

period. ACH50 levels were significantly increased 

when fish were treated with diets enriched with 1% of 

watercress extract during experimental period. 

Generally, lysozyme activity was highest in fish fed 

with 1% of watercress extract after 21 days (Table 4).  
 

Table 4. Changes in peroxidase, total complement 

(ACH50), lysozyme, and total protein, and albumin, 

globulin levels in blood of rainbow trout fed for 21 days 

with 0.0, 0.1 and 1% of watercress extract per 1 kg food.  

Biochemical 

Parameters 

Concentrations of watercress extract 

Control 0.1% WCE 1% WCE 

Peroxidase 

(U/mL) 

128.95±17.74a 124.39±10.47a 122.28±9.23a 

ACH50 

(U/mL) 

315.72±25.16a 304.95±18.14a 372.67±23.59b 

Lysozyme 

(U/mL) 

116.56±11.45a 125±11.25a 134.05±9.10b 

Protein 

(mg/dL) 

5.53±0.73a 5.59±0.70ab 6.12±0.54b 

Albumin 

(mg/dL) 

3.61±0.65a 3.42±0.58a 3.68±0.51a 

Globulin 

(mg/dL) 

1.92±0.38a 2.17±0.36ab 2.43±0.55b 

Significant differences between values were characterized by 

alphabetical symbols (one-way ANOVA, p<0.05). Values represent 

mean  S.D. differences when compared with control groups. 
 

Total protein levels were significantly increased in the 

fish fed with enriched food by 1% of watercress 

extract following 21 days of treatment when compared 

with the control group (P<0.05). No significant 

changes in albumin levels in plasma of fish fed with 

watercress extract-enriched food when compared with 

control group (P<0.05). Consumption of food 

containing 1% of watercress extract had a significant 

effect on globulin concentrations in plasma of 

experimental fish after 21 days (Table 4).   

Discussion 

The present study focused on the immunostimulantory 

properties of watercress extract containing a relatively 

large amount of vitamins B1, B2, C and pro-vitamin 

A, folic acid, glucosinolates, iodine, protein, iron, 

calcium and sulphur compounds (Chung et al., 1992; 

Rose et al., 2000; Palaniswamy et al., 2003) on 

hematological and immunological parameters of 

rainbow trout (Oncorhynchus mykiss). 

Although, the results obtained in this study show that 

oral administration of the watercress extract had no 

significant effect on growth rate of experimental fish, 

some recent studies have shown that feeding herbal 

supplementary food to fish resulted in increased 

disease resistance and in improved survival and 

growth rate, which may be attributed to an 

improvement of immune functions (Christybapita et 

al., 2007; Divyagnaneswari et al., 2007; Ardó et al., 

2008; Cheng et al., 2008).  

Hematology, including erythrocyte count, 

haemoglobin concentration, haematocrit and leucocyte 

count, has provided valuable information for fishery 

biologists in the assessment of fish health (Banaee et 

al., 2008). Although our results suggest that while oral 

administration of 1% watercress extract for at least 21 

days may increase hemoglobin content (Hb) and 

MCHC values, no significant alternations were 

observed in the number of erythrocytes and leukocytes 

as well as hematocrit, MCV and MCH values. In other 

words, oral administration of watercress extract may 

concentrate hemoglobin in red blood cells of fish. 

Increase in hemoglobin content (Hb), hematocrit, and 

numbers of leucocytes and thrombocyte were reported 

in Nile tilapia (Shalaby et al., 2006) and hybrid tilapia 

(Ndong and Fall, 2011) fed with diet enriched by 

garlic. These results were in agreement with previous 

findings where feeding with other herbal 

supplementary food led to an increase in hemoglobin 

levels (Martins et al., 2002; Ji et al., 2007).  

Lysozymes are a family of enzymes with antibacterial 

activity characterized by the ability to damage the cell 

wall of bacteria. So, significant increase in lysozyme 

activity in plasma of fish fed for 21 days with diet 

enriched with 1% of watercress extract may indicate 

an increase the fish’s immune system defense against 

bacterial agents. Yet, feeding with 0.1% of watercress 

extract did not reveal a significant difference in 

lysozyme activity relative to the controls. Ardó et al. 
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(2008) reported increase in lysozyme activities of Nile 

tilapia (Oreochromis niloticus) fed for seven days with 

Chinese herbs Astragalus membranaceus and 

Lonicera japonica. Furthermore, according to 

scholar’s reports, the use of Astragalus radix (Yin  et 

al., 2006), Eclipta alba (Christybapita et al., 2007), 

Ganoderma  lucidum (Yin et al., 2009) incorporated 

into the fish diet and fed for 14 to 60 days led to a 

significant increase in the lysozyme activity.  

Complement includes over 20 different plasma 

proteins that are produced by a variety of cells 

including, hepatocytes, macrophages and gut epithelial 

cells. Some complement proteins bind to 

immunoglobulins or to membrane components of 

cells. The complement system is an essential and 

effective part of the innate immune system. It can 

rapidly distinguish and opsonize bacteria for 

phagocytosis by specialized phagocytes or destroy 

them directly by membrane disorder (Rooijakkers and 

van Strijp, 2007).  

The enhancement of complement activity (ACH50) in 

plasma of fish fed with diet enriched with 1% of 

watercress extract may indicate the improvement of 

the fish immune system ability during experimental 

period. Thus, the increase of the complement activity 

(ACH50) in plasma of fish may help to identify and 

eliminate bacterial agents by phagocytosis. Therefore, 

the increased total protein levels in plasma of fish 

treated with watercress extract is accompanied by the 

increased levels of immune parameters which have a 

protein structure, such as globulins and total 

complements. Several authors reported an increase in 

complement activity following administration of 

different immunostimulants such as herbal derivatives 

(Jian and Wu, 2003; 2004; Christybapita et al., 2007), 

sodium alginate (Bagni et al., 2005; Cheng et al., 

2008), and vitamins C and E (Ortuno et al., 1999; 

2001). 

Peroxidases are a large family of enzymes including 

myeloperoxidase, which plays an important role as a 

natural antibacterial agent in animal’s immune system 

(Clark and Klebanoff, 1975). Based on results, oral 

administration of watercress extract did not 

significantly affect peroxidase activity in plasma of 

fish when compared with control group at the end of 

experimental period.  

Christybapita et al. (2007) recorded an increase in 

myeloperoxidase activity in tilapia fed with diets 

supplemented with different levels of aqueous extract 

of Eclipta alba for 1 week, whereas they didn’t 

reported any significant changes in myeloperoxidase 

activity after two or three weeks. 

In the present study, the enhancement of total protein 

by using 1% of watercress extract supplementary food 

has been widely observed in fish. Since, there is a 

close relationship between the level of protein 

synthesis in liver tissue and plasma protein pools, total 

protein levels in plasma may be elevated due to the 

increased levels of protein synthesis in liver tissue of 

fish treated with watercress extract.  

Banaee et al. (2011) reported that oral administration 

of some herbal medicine such as silymarin may 

improve protein synthesis in fish liver tissue. 

Consequently, significant increase of the total protein 

levels in plasma in treated fish is probably reflecting 

the increase of the protein synthesis in liver tissue. 

Similarly, the highest serum protein level was 

recorded in Nile tilapia fed yellow leader and Japanese 

honeysuckle (Ardó et al., 2008), ginger, mistletoe and 

stinging nettle (Dügenci et al., 2003). Proteins include 

albumin and globulin; some globulins are produced in 

the liver, while others are made by the immune system 

(Sandnes et al., 1988). Globulin is made up of subunit 

of α1, α2, β, and γ globulins, which are considered as 

the source of almost all the immunologically active 

proteins in the blood (Jha et al., 2007). Commonly, 

increases in the levels of plasma total protein, albumin 

and globulin in fish are thought to be associated with a 

stronger innate immune response (Wiegertjes et al., 

1996).  

Although albumin did not increase in most of the 

treatment groups in the present study, globulin 

responded similarly to total protein, which certainly 

increased. Since albumin plays an important role in 

transport of some compounds such as drug in blood, 

minor increase albumin levels in plasma of 

experimental fish may help to transport of watercress 

extract in blood. Therefore, the increase of globulins 

in plasma of fish treated by 1% of watercress extract 

may indicate enhanced immune system of fish.  

In conclusion, the results indicated that the use 1% of 

watercress extract as an immunostimulant in fish diets 

may have led to enhanced fish immunity. Since the 

watercress is rich in vitamin C, the increase of Hb and 

MCHC indicate that oral administration of the 

watercress extract dietary supplements can be 

effective in concentration of hemoglobin in 

erythrocyte of fish.  
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