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Abstract In this study, the immunomodulatory properties of Lawsonia inermis (henna) in common carp,
Cyprinus carpio was investigated. Fish were intraperitoneally (i.p.) injected with 6, 60 or 600 mg kg~' body
weight (BW), of the methanolic soluble fractions of L. inermis. The extract at 60 and 600 mg kg~' BW,
significantly (p < 0.05) enhanced some non-specific immune parameters such as serum lysozyme and bac-
tericidal activity, phagocytic and respiratory burst activity, total leucocyte count (TLC), lymphocyte,
monocyte and neutrophil number. Disease resistance against Aeromonas hydrophila has also been improved
following herbal treatment. This preliminary study indicates the beneficial effect of L. inermis in improving
immune status and controlling infectious diseases in aquaculture.
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Introduction

Chemotherapies are widely used by farmers to control and prevent diseases, which have several drawbacks
such as environmental risks, development of resistant pathogens and bioaccumulation (Rao et al. 2006).
Nowadays, several alternative strategies such as immunostimulants, probiotics, green water technique, vac-
cination and quorum sensing have been introduced in aquaculture to improve fish resistance to pathogen and
improve growth performance (Markestad and Grave 1997; Brekke 1998; Sakai 1999; Rodgers and Furones
2009; Defoirdt et al. 2011; Romero et al. 2012; Sihag and Sharma 2012; Revertera et al. 2014).

Mello et al. (2013) observed an increase in intestinal goblet cell count (GC) in tilapia fed dietary probiotic
supplementation. The increase in GC may enable an increase production of mucous, thus increasing intestinal
protection against bacterial pathogen.

Immunostimulants mainly facilitate the function of phagocytic and natural killer cells, complement,
lysozyme and antibody responses of fish. These effects depends on various factors like timing, dosage and
method of administration as well as the physiological condition of the fish (Harikrishnan et al. 2011).

Various kinds of substances have been used and their suitability as immunostimulant has been studied, but
only few of them are found suitable for use in aquaculture (Raa et al. 1992; Siwicki et al. 1998). Recently,
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growing interest has been paid to herbal based immunostimulants in aquaculture. Herbal products are cheaper
source for therapeutics and biocompatible, biodegradable and safe for the environment (Ortuno et al. 2002;
Bricknell and Dalmo 2005).

Lawsonia inermis Linn, popularly known as henna plant, belongs to the family of Lythraceae.

The henna plant is native to North Africa and South-West Asia. It is cultivated in Kerman, Hormozgan, and
Baloochestan province of Iran (Rechinger 1968). Henna leaves are very popular natural dye to color hand,
finger, nails and hair (Joshi 2000). It contains a pigment called Lawson (2-hydroxy-1, 4-naphthoquinone),
mannitol, mucilage, flavonoids such as apigenin, luteolin, quercetin, several phenolic glycosides, coumarin,
xanthone, quinoids, glycosides, beta-cytostrol, terpenoids, lipid, resin, tannin, catechin and essence. Other
compounds derived from henna leaves are 5—7 glycosides derivatives, gallic acid, acastin glycoside, laxanthon
1 and 2, and small amount of alkaloids (El Babili et al. 2013).

The plant extract or its purified compounds exhibit a variety of biological activities such as antimicrobial
activity (Malekzadeh 1968; Abdel-Malek et al. 1973), anti-sickling activity (Chang and Suzuka 1982; Clarke
et al. 1986), hepatoprotective activity (Anaad et al. 1992), cytotoxic activity (Ali and Grever 1998), anti-
inflammatory, antipyretic, and analgesic activities (Ali et al. 1995). Furthermore, anti-diarrheal, antioxidant
and regenerative properties as well as neutralizing the free radicals have been reported (Prakash et al. 2007).
Moreover, L. inermis has also been used in ethno-medicine to treat various maladies including arthritis,
headaches, ulcers, diarrhea, leprosy, intestinal neo-plasticity, jaundice, fever, leucorrhoea, diabetes, and small
pox (Elmanama et al. 2011). In addition, in vitro immunomodulatory properties of henna leaves have also
been reported (Dikshit et al. 2000; Mikhaeil et al. 2004). More recently, the methanolic extract of L. inermis
has been shown to exert an immunomadilatory effect in striped murrels (Channa striatus) (Uthayakumar et al.
2014a). Therefore, the aim of this study was to determine the immunomadilatory activity of L. inermis
methanolic extract in common carp.

Materials and methods
Experimental fish

Apparently healthy juvenile common carps, with an average initial weight of 46.25 + 8 g were obtained from
a fish farm in Shiraz, Fars province, south west of Iran. Fish were acclimated to laboratory conditions in glass
tanks for a period of 2 weeks. The health status was examined microbiologically throughout the acclimati-
zation period. During the experimental period, the water was measured at 25 £ 2 °C, dissolved oxygen
5-5.5 ppm and pH 7-8. Ammonia, nitrite and nitrate were monitored using a commercial testing kit (Fish
Farming Test Kit, Model FF-1A; HACH Co., Loveland, CO, USA) and maintained in standard ranges. During
the acclimation and sampling periods, fish were fed twice daily a commercial carp pelleted food (Table 1,
Beyza Technology Co., Ltd., Iran) at a feeding rate of 3 % body weight.

Table 1 Composition of commercial diet

Nutrients Value
Gross energy (Kcal/Kg) 3500
Crude protein (%) 35-37
Crude lipid (%) 9-11
Crude fiber (%) 5 %
Moisture (%) <10
Ash (%) <10
TVN (mg/100 g) <45

TVN total volatile nitrogen
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Herbal extract

Lawsonia inermis medicinal plant was collected from herbal medicine shop and its identity was confirmed
using monographs by Mozaffarian (1996). About 150 g of powdered leaves was taken in a clean, flat bottomed
glass container and soaked in 1.5 L of 85 % methanol. The container with its contents was sealed and kept for
a period of 7 days accompanying occasional shaking and stirring. The whole mixture then underwent a coarse
filtration by a piece of clean, white cotton material. Then, it was filtered through Whatman filter paper (Bibby
RE200, Sterilin Ltd., UK). The obtained filtrate (methanol extract) was evaporated using a rotary evaporator.
It rendered a gummy concentrate of reddish black color. The gummy concentrate was designated as a crude
methanol extract of methanol. The extract was stored in a refrigerator (4 °C) until used.

Experimental design

The experimental fish were divided randomly into four groups (ninety-two fish/group in four replicates) for
administration of different doses of methanolic extract of L. inermis injected intraperitoneally (200 pL) with
the following preparations: T1 control (injected with PBS), T2, injected with 6 mg kg~ ' methalonic L. inermis
extract, T3, injected with 60 mg kg~' methalonic L. inermis extract, T4, injected with 600 mg kg™
methalonic L. inermis extract. Before injection, the extract was filter-sterilized using 0.2 um membrane filters
(Whatman, UK).

Blood and serum collection

The fish were bled 2 days prior to and 2, 4, 6, 8 and 10 days after treatment. Six fish from each group were
randomly selected and anesthetized using MS 222 (0.1 ppm). The blood samples were collected from caudal
vein using a 2-mL syringe and a 24-gauge needle.

Sampled fish were not returned to the experimental population and were euthanized using an over dose
(300 ppm) of MS 222. One part of each blood sample was transferred into preheparinised plastic Eppendorf
tubes while the other part was transferred into tubes or Eppendorf tubes without anticoagulant and was
allowed to clot for 2 h at room temperature in a slanting position. Before the serum was collected, the tubes
were kept at 4 °C overnight and were then centrifuged at 2500x g for 15 min. The serum was stored at —20 °C
in screwcap glass vials until use.

Determination of serum biochemical and hematological parameters

Blood samples were immediately analyzed for the estimation of numbers of erythrocytes (RBC) and leuco-
cytes (WBC), Hemoglobin (Hb) and Hematocrit levels (% red blood cells). RBC and WBC counts were
performed as described by Schaperclaus et al. (1991). Hemoglobin contents (Hb) were determined using
cyanmethemoglobin method with Drabkin’s solution (Goldenfarb et al. 1971). Hematocrit was determined by
the microhematocrit method (Fox et al. 1997). The leukocyte differential count was done in peripheral blood
smears stained with May—Grunwald/Giemsa stains. Leucogram was assessed for each fish under an oil
immersion lens. One hundred white blood cells from each smear were assessed and the percentage of different
types of leucocytes was calculated (Schaperclaus et al. 1991).

Total serum protein was measured by the Biuret method (Kwapinski 1965). Total serum immunoglobulin
(Ig) was measured as previously described by (Siwicki and Anderson 1993). First, Ig was separated from
serum by precipitation with polyethylene glycol and remaining protein in the supernatant was assayed. That
amount was subtracted from the total protein to give total Ig.

Phagocytic assay
Phagocytic activity was measured following (Siwicki and Anderson 1993) with slight modifications. The
heparinized blood was immediately used for the phagocytic assay. Briefly, 1 x 107 cells of Staphylococcus

aureus in 0.1 mL of PBS were added to 0.1 mL of blood samples in a microplate. This was then incubated for
30 min at 25 °C after thorough mixing in the well.
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After incubation, the plate was mixed gently, and 0.05 mL of this suspension was smeared on the glass
slide. After air drying, the smears were fixed in ethanol and stained with Giemsa (7 %). The phagocytic cells
were counted. Phagocytic activation (PA) was determined by enumerating 100 phagocytes per slide under a
microscope. The mean of the slides was calculated as below; PA: (Number of phagocytic cells with engulfed
bacteria/number of phagocytes) x 100.

Lysozyme assay

Serum lysozyme activity was determined using the methods described by (Jian and Wu 2003). Briefly, a
suspension of an overnight grown Micrococcus lysodeikticus was prepared by dissolving 20 mg of M.
lysodeikticus into 100 mL of 0.067 mol/L PBS (pH 6.4) and then, 100 pL of fish serum was added to a 3 mL
suspension of M. lysodeikticus. The reaction was carried out at 25 + 1 °C, and an absorbance at 540 nm was
measured after 0.5 and 4.5 min. One unit of lysozyme activity was defined as the amount of lysozyme
producing a decrease in absorbance of 0.001/min.

Respiratory burst activity

Oxidative radical production by neutrophils during respiratory burst was measured by the NBT assay as
described by (Anderson and Siwicki 1995). Briefly, blood and 0.2 % NBT were mixed in equal proportion
(1:1), incubated for 30 min at 25 °C, and then 50 pL was taken out and dispensed in glass tubes. For
solubilisation of reduced formazen product, 1 mL of dimethylformamide (Sigma, USA) was added and
centrifuged at 2000xg for 5 min. Finally, the supernatant was taken and the extent of NBT reduced was
measured at an optical density of 540 nm. Dimethyl formamide was used as the blank.

Pathogen

A virulent strain of Aeromonas hydrophila (Dehghani et al. 2012), was obtained from Aquatic Animal Health
and Diseases Department, Shiraz University, Iran. The virulent strain was isolated from infected fish origi-
nating in Iran (Modarres Mousavi Behbahani et al. 2014). Stock cultures were maintained at —70 °C in a
suspension of tryptic soy broth (TSB) containing 15 % glycerol. For the preparation of bacteria for challenge
test, A. hydrophila from stock was cultured for 24 h at 25 °C in TSB. The cells were centrifuged (3000x g for
15 min) and washed three times with sterile (PBS, pH 7.2). The bacterial suspension was adjusted to an optical
density of 0.5 at 540 nm, which had been determined to correspond to approximately 108 CFU ml™"'. After
use, the CFU of the bacterial suspension was counted by the spread plate method on tryptic soy agar (TSA)
plates.

Challenge experiment

After the administration of plant extracts, 18 fish from the forth replicate in each group were intraperitoneally
injected with 0.1 mL of a 24 h growth of virulent A. hydrophila (1 x 10® cells/fish) on day 7. Previously, the
challenge dose was adjusted to give 50 % mortality (LD50) in the untreated groups. Mortality was recorded
for 15 days. All dead fish and the survivors were examined bacteriologically to determine the presence of the
pathogen. The relative percent survival (RPS) was calculated according to Amend (1981):

RPS = [1 — (Mortality (%) in treated group)/(Mortality (%) in control group)] x 100
Serum bactericidal activity

Serum bactericidal activity was determined using the procedure described by Rao et al. (2006). A. hydrophila
bacterial culture was centrifuged (3000x g for 15 min) and the pellet was washed and suspended in PBS. OD
of the suspension was adjusted to 0.5 at 546 nm. This bacterial suspension was serially diluted (1:10) with
PBS five times. Serum bactericidal activity was determined by incubating 2 mL of this diluted A. hydrophila
suspension with 20 mL of serum in a micro-vial for 1 h at 25 °C. In the bacterial control group, PBS replaced
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the serum. After incubation, the number of viable bacteria was determined by counting the colonies grown on
nutrient agar plate for 24 h at 25 °C.

Statistical analysis

Data are presented as Mean + SD of the number of fish per group. Hematological and immune parameters
were analyzed by one way analysis of variance (ANOVA) and Tukey’s multiple comparison range. All
statistical analyses were tested at the 0.05 level of probability, using the software SPSS 16.0 for Windows.

Results
Phagocytic and NBT activity

Phagocytic activity was significantly enhanced after administration of both medium and high doses of plant
extract, peaked on day 8 and 10 (Fig. 1a). NBT activity was significantly higher in groups administered with
medium and high doses of plant extract (Fig. 1b). The maximum level was observed in medium dose
treatment, recorded on day 10.

Serum lysozyme activity

On most of the days tested, higher serum lysozyme activity was observed in medium and high dose treatment,
which was more significant in medium dose treatment (Fig. 1c).

Serum biochemical and hematological parameters

The effects of different levels of henna extract on hematological and biochemical parameters of common carp
are shown in Fig. la—j; Table 2. The Hb, Hct and RBC values were not affected by all three dosages of plant
extract (p > 0.05) (Table 2).

Total serum protein content in the fish injected with either medium dose (60 mg kg~' BW) or high dose
(600 mg kg~' BW) of plant extract was significantly (p < 0.05) higher than control fish on day 6, 8 and 10
post- treatment (Fig. 1d), peaked on day 10, in the fish received the medium dose (60 mg kg~' BW).

Serum globulin content was significantly higher than control on day 8 only in the fish injected with high
dose (600 mg kg~' BW) of plant extract and on day 10 in the fish treated with both medium and high doses of
plant extract (Fig. le). However, no significant (p > 0.05) impact on serum globulin level was observed in
other groups on different days tested.

After the treatment, an increasing trend was observed in WBC number on all the assay days (Fig. 1f). Both
medium and high doses of plant extract could significantly increase the number of WBC on the 6th and 8th
day in comparison with control fish.

Fish leucogram was significantly affected by plant extract administration. On all days tested, significantly,
lower percentage (proportion) of lymphocytes was observed in fish administrated with both medium and high
doses of plant extract compared with the control group (Fig. 1g), although the total number of lymphocyte
remained unchanged.

Despite to lymphocytes, the number of monocytes and granulocytes was always significantly enhanced in
both medium and high dose treatments in comparison to control group (Fig. 1h, i), yet, a decreasing trend in
the number of these cells was observed from day 6 and 8 onwards, respectively.

Serum bactericidal activity
During the assay period, the number of viable bacterial colonies showed a time course dependent decreasing

trend in the fish treated with plant extract. Serum bactericidal activity was lowest in the control group and
highest in T4 and T5 group recorded on day 10 (p < 0.05) (Fig. 1j). The viable bacterial counts were
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Fig. 1 continued

significantly (p < 0.05) lower in T4 and TS5 group compared with either untreated control group or bacterial
control (without serum treatment).

Disease resistance

The mortality rate was decreased (Table 3) in fish challenged with virulent A. hydrophila by extract
administration. The mortality percentage was found highest (55.5 %) in the control group (infected fish) and
lowest (27.7 %) in TS5 group. The RPS value was significantly highest (50.0 %) in TS5 group followed by T4
and T3 group, respectively (p < 0.05) (Table 3).

Discussion

In the recent years, there is an increasing interest in the use of herbal extracts for disease control and
prevention in aquaculture, indicating that they can modulate immune function in farmed species.

The major components of fish immune system are macrophages, monocytes, granulocytes, and humoral
elements, such as lysozymes, immunoglobulins and the complement system (Secombes and Fletcher 1992;
Magnadéttir 2006). In this study, following i.p. administration of methanolic soluble fractions of L. inermis
leaves at different doses (6, 60 and 600 mg kg~' BW), Several immune parameters such as phagocytic and
NBT activities, serum immunoglobulin, lysozyme and total protein level, RBC and WBC number, hematocrit
and Hb value, the percentage of lymphocyte (%), monocyte (%), neutrophil (%) and serum bactericidal
activity were evaluated in 2 days intervals (Table 2; Fig. 1a—j).

Data showed that methanolic extract of L. inermis significantly enhanced the non-specific humoral and
cellular responses and disease resistance against A. hydrophila. All the above immune indices, however, were
found to be affected in a time and dose-dependent manner.
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Previously, in vitro studies revealed that the methanolic extract of L. inermis displayed immunostimulatory
effect as indicated by an enhanced macrophage-stimulating activity and promotion of T-lymphocyte prolif-
erative responses in human (Wagner et al. 1988; Mikhaeil et al. 2004).

Phagocytosis and killing activity by neutrophils and macrophages is an important defense mechanism
against pathogenic bacteria (Rao et al. 2006). Previously, enhancement of phagocytic and NBT activities
following administration of herbal products in fish species have been reported in a number of studies (Rao
et al. 2006; Sahu et al. 2007; Punitha et al. 2008; Pratheepa et al. 2010; Sharma et al. 2010; Behera et al. 2011;
Uthayakumar et al. 2014b; Anusha et al. 2014).

In this study, phagocytic activity was significantly enhanced in the common carp after administration of
both medium and high doses of plant extract, peaked on day 8 and 10 post- treatment. Similar results were
found in Carassius auratus fed crude extracts and purified fractions of Ixora coccinea incorporated in diet
(Anusha et al. 2014).

Likewise, NBT activity was significantly higher in groups treated with medium and high doses of plant
extract. However, for both phagocytic and NBT activities, maximum values were observed in medium dose
treatment recorded on day 10.

Lysozyme plays an important role in innate immunity by lysis of bacterial cell wall and thus stimulates the
phagocytosis of bacteria. In this work, the most significant highest lysozyme activity was observed in medium
dose treatment. In a similar study, following intraperitoneal administration of different doses (4, 40 or
400 mg kg~' BW) of water extract of Solanum trilobatum leaves in Oreochromis mossambicus, only the
medium dose (40 mg kg~ BW) could significantly enhance lysozyme activity on day 4, 6 and 8 post-
treatment (Divyagnaneswari et al. 2008). In another study, among various doses of an aqueous extract of
Polygonum minus leaf, intraperitoneally injected to African catfish, Clarias gariepinus, only the dose of
15 mg kg~' BW of plant extract could significantly improve lysozyme activity 2 days post-treatment
(Veerasamy et al. 2014). Similar results of elevated lysozyme activity following herbal treatments have been
reported (Jian and Wu 2003, 2004; Rao et al. 2006; Yin et al. 2006; Anusha et al. 2014).

Serum protein level is an important indicator of humoral defense system and health status of fish species. In
fact, immunostimulants can stimulate protein synthesis to produce more of the molecules involved in
immunity such as immunoglobulins, complement, lysozyme, and anti-proteases (Rao et al. 2006). This study
revealed that administration of both medium and high dose of henna extract could significantly increase both
serum protein and immunoglobulin level in common carp. The increase in serum protein content might be in
part due to an increase in the WBC number, which is a major source of serum protein production such as
immunoglobulin, lysozyme, complement factors and bactericidal peptides (Misra et al. 2006a, b). This is
supported by an enhancement in WBC number in the group that administrated with medium or high dose of
henna extract.

A significant increase was reported in serum protein and total immunoglobulin level of rainbow trout fed
basal diet incorporated with 1, 2.5 and 5 % black Cumin Seeds, Nigella sativa for 21 days (Dorucu et al.
2009). Furthermore, dietary garlic, onion and ginger could significantly increase total immunoglobulin level in
rainbow trout (Nya and Austin 2009) and in the brown marbled grouper, Epinephelus fuscoguttatus (Apines-
Amar et al. 2012). In addition, elevated total protein and globulin was reported following administration of
medicinal plants in fish species (Dugenci et al. 2003; Misra et al. 2006a; Rao et al. 2006; Yins et al. 2008;
Alishahi et al. 2010, 2012; Alishahi and Abdy 2013).

Hematological parameters are used as an index of fish health status to detect physiological changes
following different stress conditions such as abnormalities caused by immunostimulants (Agrawal and
Mahajan 1980). In this study, no significant difference in the haemoglobin, hematocrit and total erythrocyte
count was observed following herbal administration indicating that at such treatment condition no toxic
reactions detrimental to the fish were elicited.

Total and differential leucocyte counts are important indices of non-specific defense activities in fish (De
Pedro et al. 2005).

Treatment with either medium or high dose of L. inermis extract significantly increased total leukocyte
count (TLC) as well as lymphocytes, monocytes and neutrophils number compared with control group.
However, maximum effect was observed on day 8 in medium dose treatment. This increment might be in part
due to the activation of the haemopoietic tissues by L. inermis as previously reported in rainbow trout
following in vitro treatment of macrophages with Glycyrrhiza glabra extract (Jang et al. 1995). Similar
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Table 2 RBC, Hct and Hb valuesin common carpintraperitoneally injected with single doses of 6, 60 and 600 mg kg~' BW fish
of a methanolic extract of Henna (L. inermis) on days 2, 4, 6, 8 and 10 post-injection

Injection days Fish group RBC x 10%mm® Hematocrit (%) Hb (g/dl)
-2 Control (saline injected) 1.46 £ 0.22 39.2 £+ 3.64 848 £ 1.3
Henna extract (6 mg kg~' BW) 1.53 £0.18 384 £4.22 7.85 £ 0.88
Henna extract (60 mg kg™ BW) 1.40 £ 0.23 38.6 £3.18 7.68 £ 0.77
Henna extract (600 mg kg~' BW) 1.38 +0.33 382 +£4.62 735+ 12
2 Control (saline injected) 1.52 £ 0.26 308 £22 8.66 £+ 0.56
Henna extract (6 mg kg_l BW) 1.44 £ 0.20 383 £ 4.7 782+ 1.3
Henna extract (60 mg kg~' BW) 1.42 + 0.28 40 £33 7.78 £ 0.61
Henna extract (600 mg kg~' BW) 1.35 £ 0.36 38.2 £ 3.6 7.52 £ 1.14
4 Control (saline injected) 1.54 + 0.28 42.6 + 3.3 8.32 £ 0.56
Henna extract (6 mgkg™'BW) 1.44 £ 0.16 40.2 £+ 3.1 7.20 £ 0.72
Henna extract (60 mgkg™'BW) 1.42 £ 0.18 393 £3.6 7.22 £0.83
Henna extract (600 mgkg™'BW) 1.36 + 0.26 38.5 + 44 7.55 £ 0.73
6 Control (saline injected) 1.56 £ 0.24 393 £33 8.28 + 1.18
Henna extract (6 mgkg™ 'BW) 1.52 £ 0.19 39.6 £52 7.62 £ 1.12
Henna extract (60 mgkg™'BW) 142 £ 0.23 392+ 34 7.53 £0.7
Henna extract (600 mgkg™'BW) 1.37 £ 0.27 38.6 £3.2 748 £ 1.14
8 Control (saline injected) 1.62 £ 0.24 423 £ 2.7 8.56 + 0.68
Henna extract (6 mg kg~' BW) 1.44 £ 0.18 393 £47 732+ 124
Hennar extract (60 mg kg{l BW) 1.39 £ 0.26 384 £ 2.6 7.85 £ 0.58
Henna extract (600 mgkg 'BW) 1.37 £ 0.33 388 £ 24 7.62 £+ 0.64
10 Control (saline injected) 1.58 £ 0.21 395 £23 8.73 £ 0.58
Henna extract (6 mg kg~' BW) 1.45 £ 0.34 38.3 £ 4.6 748 £ 1.12
Henna extract (60 mg kg™' BW) 1.38 £ 0.26 39.4 £ 3.8 7.46 £ 0.79
Henna extract (600 mg kg~' BW) 1.37 £ 0.28 382 +£22 7.28 £ 0.64

Values are presented with the respective standard deviation (mean £ SD) (n = 6). Values in the same column showing the same
superscript letter are not significantly different (p Tukey > 0.05)

Table 3 Effect of L. inermis (Henna) administration by intraperitoneal injection on relative percent survival (RPS) against LD50
concentration of A. hydrophila in common carp

Treatment Mortality (%) RPS (%)
Control (saline injected) 55.5 -

Henna extract (6 mg kg~' BW) 44.4 20.0
Henna extract (60 mg kg™' BW) 27.7 50.0%
Henna extract (600 mg kg~' BW) 333 40.0%*

RPS values with asterisk (*) differ significantly (p < 0.05) with control. Data expressed as mean & SD (n = 18)

findings were obtained by Barrett (2003) and Widel et al. (2003), who reported that Echinacea preparations
influenced the leukocyte count. Likewise, dietary garlic exhibited an increased level of WBC, lymphocytes,
monocytes and neutrophils in C. carpio (Iranloye 2002). Furthermore, similar findings were observed in
Cirrhinus mrigala fed with ginger and turmeric supplementations (Sivagurunathan et al. 2011) and in beluga
(Huso huso) fed with garlic (Allium sativum) and nettle (Urtica dioica) supplemented diet (Nobahar et al.
2014). It is supposed that, increase in TLC especially in lymphocyte number may be in part due to the
presence of flavonoids and terpenoids (Grayer et al. 1996; Lembberkovics et al. 1998; Sayyah et al. 2005)
found in L. inermis.
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Lymphocytes were functioned to produce antibody, to acknowledge and respond the antigen, and to be a
mediator of cellular and humoral immune responses (Abbas et al. 2010). The significant increase in lym-
phocytes number in this study might also indicate the specific immunostimulatory role of L. inermis as
previously reported for Echinacea purpurea (Aly et al. 2008).

Monocytes play important role in the defense system of fish body. They undergo transformation into
macrophages and may be involved in phagocytosis and killing of pathogens upon first recognition and
subsequent infections (Sivagurunathan et al. 2011). Monocytes have been reported to be sporadic in carp,
tench, European catfish, rainbow trout, bream and perch (Mastoi et al. 2012). Nonetheless, in this study, a
significant increased number of monocytes were recorded in the fish treated with medium or high dose of plant
extract. In addition, the number of neutrophils was also increased. Neutrophils are the first cells to respond to
infection within 24 h, increases during bacterial infections to phagocytose them (Sivagurunathan et al. 2011).
Thus, increase in the TLC, neutrophils and monocytes in L. inermis extract treated fish can be attributed to the
enhancement of non-specific immune responses, whereas increase in lymphocytes number may indicate a
specific immune induction. These findings are supported with the results of previous investigations (Aly et al.
2008; Abdel-Tawwab et al. 2010; Sivagurunathan et al. 2012; Antache et al. 2014; Nobahar et al. 2014).

The presence of antimicrobial agents in fish blood can be evaluated by serum bactericidal activity and this
is an important tool to analyze the innate immune system (Biller-Takahashi et al. 2013). In fact, independently
of the effect of molecules and the mechanisms involved in the microbial killing, the measurement of the
microbicidal activity is a very realistic approximation (Guardiola Abellan 2014). In this study, the increase in
total serum protein and globulin level following herbal treatment, indicate the raise in protective proteins
which can be correlated to the enhanced serum bactericidal activity (Ellis 1999; 2001; Magnadottir 2006;
Magsood et al. 2009). In this regard, a time course decreasing trend was observed in the number of bacterial
colonies in the groups treated with either the medium or high dose of plant extract (Fig. 1j). The minimum
number of bacterial colonies was recorded on day 10 post-treatment. Similarly, Quil-A, a fraction from
Quillaja saponaria Molina, has enhanced serum bactericidal activity in Salmo gairdneri Richardson (Grayson
et al. 1987). In addition, an increase in serum bactericidal activity in tilapia (Divyagnaneswari et al. 2008) in
Indian major carp (Rao et al. 2006), in common carp (Alishahi and Abdy 2013) and in ornamental gold fish
(Anusha et al. 2014) has reported after the administration of various herbal extracts.

For testing efficacy of an immunostimulant, it is very essential to estimate the increased protection in
treated fish (Sakai et al. 2001). Current data revealed that mortality following challenge with A. hydrophila
was decreased in the group of fish treated with either medium or high dose of herbal extract. There was an
inverse relationship between the mortality rate and the level of extract administration. The enhancement of
nonspecific immune parameters by L. inermis seed preparation is possibly an important factor in reducing the
percentage mortality and thereby protecting the fish against live A. hydrophila challenge.

Earlier studies also revealed that dietary supplementation of Ocimum sanctum and Nyctanthes arbortristis
leaves and intraperitoneal injection of water and hexane soluble fraction of Solanum trilobatum and Eclipta
alba leaves enhanced the disease resistance against A. hydrophila in O. mossambicus (Logambal et al. 2000;
Divyagnaneswari et al. 2008). This finding is in agreement with the results of Abutbul et al. (2004) in tilapia
fed with a diet containing ethyl acetate extract of Rosmarinus officinalis leaf powder and where the disease
resistance against A. hydrophila was enhanced in L. rohita fed with 0.5 % of Achyranthes aspera (Rao et al.
2006). Similar results were found in Carassius auratus fed crude extracts and purified fractions of Ixora
coccinea incorporated in diet. Following challenge with highly virulent A. hydrophila AHV-1 the control diet
fed fishes succumbed to death within 5 days at 100 % mortality whereas crude extracts and purified fractions
fed groups survived 60 and 80 %, respectively, after 10 days (Anusha et al. 2014).

Mortality and relative percentage of survival (RPS) of common carp treated with henna extract and the
control group after challenging with A. hydrophila is presented in Table 3. The RPS was highest (50.0 %) in
medium dose treatment followed by high dose treatment (40.0 %) and was lowest (20.0 %) in low dose
treatment. This might be due to the enhancement of the non-specific immune system of the fish by L. inermis.
The RPS was strongly correlated with hematological studies and functional assays performed under the
conditions of this study. These data are in agreement with the finding of Logambal et al. (2000) and
Christybapita et al. (2007) in O. mossambicus, treated with O. sanctum and Eclipta alba leaf extract,
respectively. Moreover, similar findings were obtained by an intraperitoneal administration of Solanum
trilobatum Leaf extracts in O. mossambicus (Divyagnaneswari et al. 2008).
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Collectively, it can be concluded that the protective ability of L. inermisis mediated through specific and
non-specific immune mechanisms, as evident from the enhanced lymphocyte number and total
immunoglobulin level as well as elevated phagocytic, NBT and lysozyme activities besides positive influence
on haematological and biochemical parameters.

The results of the present investigation show that L. inermis methanolic extract can act as an immunos-
timulant based on a time- and dose-dependent manner. Due to its effectiveness at low concentration, its use
could be very cost effective. It is biodegradable and hence environment-friendly. Besides, L. inermis might
have potential as an additive to fish feed. However, appropriate field trials remain necessary before using L.
inermis extract as an immunostimulant in aquaculture.
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