
INTRODUCTION
Red drum, Sciaenops ocellatus (Linnaeus, 1766), is an

economically important sciaenid fish in the US and other

countries (Diamant 1998). In China, red drum culture tri-
als have begun with the importation of eggs and fry from
the US in the early 1990s. The species is now being an
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Background. Traditional Chinese herbs (TCHs) are widely used for improving non-specific immunity of fish in
aquaculture. Possible effects of many important TCH on red drum, Sciaenops ocellatus (Linnaeus, 1766), have
not been adequately studied. The aim of the presently reported study was to investigate the effects of ten TCH on
selected immunological- and haematological responses of red drum.
Materials and methods. Ten TCH preparations, consisting of selected parts of plants and fungi, known in medic-
inal practice as: Astragalus membranaceus, fructus forsythiae, Polyporus umbellatus, Scutellaria baicalensis,
Wolfiporia extensa, rhizoma coptidis, radix glycyrrhizae, flos lonicerae japonicae, isatidis radix, and bupleuri
radix were used in the experiment. A dose of 10 g of each TCH was decocted and concentrated, then mixed with
the diets (mixed diets) at ratio of 2%. After 28 days of feeding, the fish were infected with Vibrio splendidus and
observed for 14 days for possible mortalities. Leukocyte phagocytic activity and lysozyme activity (LZM) were
measured on days 0, 3, 7, 14, 21, 28, and 35. Relative percentage survival (RPS) of each TCH treatment was also
investigated after the fish exposure to V. splendidus.
Results. Red drum fed 2% doses of individual TCH extracts significantly (P < 0.05) increased its: phagocytic per-
centage (PP) (with the exception of flos lonicerae japonicae treatment), phagocytic index (PI) (with the exception of
flos lonicerae japonicae- and bupleuri radix treatments), LZM (with the exception of Wolfiporia extensa treatment),
and RPS (with the exception of P. umbellatus, Wolfiporia extensa-, radix glycyrrhizae-, flos lonicerae japonicae-, isa-
tidis radix-, and bupleuri radix treatments). The indexes of PP, PI, and LZM, for all experimental groups, decreased
quickly on day 35 (7 days after TCH diets were discontinued). On the other hand, PP values were significantly 
(P < 0.05) higher than in control (with the exception of flos lonicerae japonicae- and Wolfiporia extensa treatments).
Also PI values were significantly higher (P < 0.05) than in control (with the exception of flos lonicerae japonicae-,
Wolfiporia extensa-, and bupleuri radix treatments). LZM values exhibited no significant difference (P > 0.05) in all
treatment groups compared with control. Most importantly, the A. membranaceus-, or S. baicalensis-, or fructus for-
sythiae-fed groups were significantly protected (P < 0.01) against V. splendidus challenge compared to control. RPS
of A. membranaceus- and S. baicalensis groups were the highest, reaching 88.9% on day 28, followed by the fructus
forsythiae group, whereas bupleuri radix- and Wolfiporia extensa treatments showed the lowest values.
Conclusion. A. membranaceus, S. baicalensis, and fructus forsythiae were effective in preventing red drum from
acquiring the disease while challenged by V. splendidus.
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economically important sciaenid fish in the southern
China. In recent years, red drum growers in China have
encountered some difficulties with its management due to
skin fester disease outbreaks and mortalities. 

To prevent financial losses due to diseases, fish farm-
ers must take sufficient preventive measures. Antibiotics
and other chemotherapeutics used to control these dis-
eases can result in the development of drug resistant
pathogens, environmental pollution, and accumulation of
residues in fish. Though vaccination is an effective pro-
phylactic method for controlling fish diseases, vaccines
are relatively expensive and they are very specific to par-
ticular pathogens (Sakai 1999).

The use of immunostimulants for the disease preven-
tion in fish is considered as a promising alternative to vac-
cines (Anderson 1992). In our research we used tradition-
al Chinese herbs (TCHs) to give early activation to the
non-specific defence mechanisms and to elevate the spe-
cific immune response.

For thousands of years, TCH have been used as tradi-
tional medicine and immune booster for humans in China.
Recently, growing interest has focused on the immune
stimulating function of some TCH in aquaculture, and
non-specific immunity can be improved by a single or
mixed TCH (Luo 1997, Ardó et al. 2008, Yin et al. 2009).
For example, in the serum of crucian carp phagocytosis
and lysozyme activity increased when the fish were fed
different TCH: Rheum officinale, Andrographis panicula-
ta, Isatis indigotica, and Lonicera japonica (see Chen et
al. 2003), NBT positive cells and lysozyme activities
increased in sturgeon hybrid (Acipenser ruthenus × 
A. baerii) by feeding with TCH mixture (Jeney and Jeney
2002). And the lysozyme activity significantly increased
and the cumulative mortality significantly decreased
when bastard halibut, Paralichthys olivaceus (Temminck
et Schlegel, 1846)—fed diet enriched with 0.1% and 1.0%
monkey head mushroom, Hericium erinaceum—was
challenged with Philasterides dicentrarchi (see
Harikrishnan et al. 2011). In this study TCH extracts of:
Astragalus membranaceus, fructus forsythiae, Polyporus
umbellatus, Scutellaria baicalensis, Wolfiporia extensa,
rhizoma coptidis, radix glycyrrhizae, flos lonicerae japon-
icae, isatidis radix, and bupleuri radix were chosen for the
experiment because of their recorded ability to enhance
the immune system (Lou et al. 2001, Chen et al. 2003,
Jian and Wu 2003, Wang et al. 2006, Ardó et al. 2008, Yin
et al. 2009, Yan et al. 2010). 

In the presently reported study, red drum was fed with
feed containing one of the ten TCH. Key factors of the
non-specific immune response were measured during the
experiment and at the end fish were challenged with 
V. splendidus to determine disease resistance in fish fed
with these substances.

MATERIALS AND METHODS
Fish. Apparently healthy red drum, Sciaenops ocellatus
(weight 63.7 ± 1.2 g), was maintained in 20 000 L con-
crete tanks with recirculation system in Zhejiang

Mariculture Research Institute, Wenzhou, Zhejiang
province, China. Two weeks later, the fish were trans-
ferred into 2000 L fibreglass tanks in recirculation system
of the institute for experiment. Water temperature
20–21oC, salinity of 26 g ∙ L–1, and pH 8.5 were main-
tained during the experiment. Fish were fed with a formu-
lated wet feed, produced in the experimental milling facil-
ity of the institute. The dissolved oxygen was maintained
at 80%–90% of saturation.
Preparation of TCH extracts and supplementation
diet. Ten TCH preparations were purchased locally. Those
preparations, consisting of selected parts of plants and
fungi, are known in medicinal practice as: Astragalus mem-
branaceus; fructus forsythiae (fruits of Forsythia spp.);
Polyporus umbellatus; Scutellaria baicalensis; Wolfiporia
extensa; rhizoma coptidis (dried rhizomes of Coptis chi-
nensis); radix glycyrrhizae (dried roots and rhizomes of
Glycyrrhiza glabra); flos lonicerae japonicae (dried flow-
ers of Lonicera japonica); isatidis radix (dried roots of
Isatis indigotica = Isatis tinctoria); and bupleuri radix
(dried roots of Bupleurum chinense). Hot-water extracts
of the ten TCH were prepared based on the method
described by Wu et al. (2010). The amounts of 10 g of the
each TCH were added to 200 mL of deionized water,
boiled for 0.5 h, filtered through a nylon fabric, then sup-
plemented with 200 mL of deionized water and boiled for
0.5 h again, then filtered and boiled for the third time. The
600 mL filtrate of each TCH was concentrated to 50 mL
and added to 490 g crushed formula feed (Fuzhou Haima
Feed Co., Ltd). Control group received the same volume
of 0.65% sodium chloride. The feed used was a regular,
balanced feed, composed of 46% proteins, 22% carbohy-
drates, 3.5% lipids, and 10.2% ash. All ratios of the pel-
leted feed were stored in a refrigerator.
Experiment design. Fish were allocated into 11 groups
(30 fish per group) in triplicate and fed diets twice a day
for 4 weeks. Then the remained fish of all groups were fed
the same formula feed (Fuzhou Haima Feed Co. Ltd) for
2 weeks.
Preparation of serum and blood cells. Blood samples 
(2 fish per group) were collected from the caudal vein
without anaesthesia on days 0, 3, 7, 14, 21, 28, and 35
after start of feeding. A portion of sampled blood was
placed in an Eppendorf tube to prepare serum for assay-
ing lysozyme, the remaining blood was pipetted into
another tube containing sodium heparinate and used to
measure phagocytic activity of blood leukocytes.
Phagocytic activity. Phagocytic activity of blood leuko-
cytes was determined by the method of Lou et al. (2001).
To perform the essay, 100 μL blood was mixed with 100 μL
Staphylococcus aureus (1.0 × 108 CFU ∙ mL–1). The mix-
tures were incubated at 25oC for 60 min. Following incu-
bation, a drop of mixture were smeared on one glass slide
(5 slides per blood sample), then denatured by methanol,
dyed by Giemsa for 1–1.5 h, water scrubbed, air dried,
and observed with an oil immersion objective. Phagocytic
percentage (PP) and phagocytic index (PI) were calculat-
ed by the following formulae:
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PP = 100Np ∙ Nt
–1

PI = NA ∙ Np
–1

where: Np is the number of phagocytic leukocytes, Nt is
the total number of leukocytes, NA is the number of 
S. aureus in a leukocyte.
Lysozyme activity. Lysozyme activity was measured
spectrophotometrically using the method described by
Abd-El-Rhman (2009) with a minor modification. In brief,
a series of dilutions was prepared by diluting a standard
lysozyme sample (Amresco, Switzerland) mixed with 
a Micrococcus lysodeikticus (ATCC NO. 1698) suspension
for establishing a calibration curve. For this, 100 μL of
standard solution or serum was added to 1800 μL of 
M. lysodeikticus suspension. The changes in the extinc-
tion were measured at 640 nm immediately after adding
the solution which contained the lysozyme (start of the
reaction) and after a 2 min incubation of the preparation
under investigation at 28ºC (end of the reaction after
adding 100 μL 5 mol ·  L–1 KOH). The lysozyme content
was determined using the calibration curve and the extinc-
tion measured. One unit (U) of lysozyme activity was
defined as the amount of enzyme that decreases the
absorbance by 0.001 min–1mL–1 serum.
Relative percent survival (RPS). Vibrio splendidus isolat-
ed from diseased red drum, and conserved in Zhejiang
Mariculture Research Institute, Zhejiang Key Laboratory of
Exploitation and Preservation of Coastal Bio-resource,
Wenzhou, China. Fish were challenged intraperitoneally
with LD50 dose (0.2 mL PBS containing 1 × 108 cells) of
live V. splendidus on day 28. The LD50 dose was determined
earlier by administering varying doses of V. splendidus to
untreated fish groups (Reed and Muench 1938). Mortality
was recorded for 14 days. From the organs of the just dead
fish, V. splendidus was re-isolated to confirm the mortality
due to the bacterial infection. The relative percentage sur-
vival (RPS) was calculated by the following formula:

RPS = 1 – 100Mt ∙ Mc
–1

where: Mt is percent mortality in treated groups and Mc is
percent mortality in control group.
Statistical analysis. The data were expressed as arithmetic
mean ± standard error. Statistical analysis involved one-
way analysis of variance (ANOVA) followed by Duncan’s
multiple pair comparison test (SPSS 13.0). Asterisk in the
figures represent the significant difference at P < 0.05.

RESULTS
Phagocytic activity.The PP of leukocyte did not vary signif-
icantly (P > 0.05) at any time in control group. However, the
PP activity significantly increased (P < 0.01) or (P < 0.05)
when the fish were fed 2% Astragalus membranaceus-, or
fructus forsythiae-, or Scutellaria baicalensis-, or isatidis
radix-enriched diets or fed 2% Polyporus umbellatus-, or rhi-
zoma coptidis-enriched diets on day 3 compared to control.
The PP significantly increased when the fish were fed 2%
Wolfiporia extensa-, or radix glycyrrhizae-, or bupleuri radix-
enriched diets on day 7 compared to control. And the flos
lonicerae japonicae group did not have significant variance
during the 28 days experiment (Table 1).

During the experiment period, PI of control group was
1.96–2.50, and the Astragalus membranaceus group
demonstrated the highest values of this parameter among
all experimental groups, reaching 5.89 on day 21. PI of
groups of A. membranaceus, fructus forsythiae, Scutellaria
baicalensis, rhizoma coptidis, and isatidis radix had a sig-
nificant difference (P < 0.05) on day 3, (P < 0.01) on day 7
compared to the control group. Groups of Polyporus
umbellatus, Wolfiporia extensa, radix glycyrrhizae had 
a significant difference (P < 0.05) on day 14 compared to
control group. And PI of flos lonicerae japonicae- or
bupleuri radix-treated groups did not have significant dif-
ference (P > 0.05) compared to control during the 28-day
experiment (Table 2).
Lysozyme activity. The plasma lysozyme activity signif-
icantly increased (P < 0.05) from day 7 on being fed
Astragalus membranaceus-, or fructus forsythiae-, or
Scutellaria baicalensis-, or rhizoma coptidis-, or radix
glycyrrhizae-, or flos lonicerae japonicae-enriched diets
when compared to control. All experimental groups sig-
nificantly differed (P < 0.05) compared to control, except
Wolfiporia extensa group on day 14 and this high
lysozyme activity persisted until day 28. On day 35, the
plasma lysozyme activity of all experiment groups did not
significantly differed (P > 0.05) from control (Fig. 1).
Disease resistance. In this study, after the challenge with
V. splendidus, the mortalities were significantly reduced
in some groups compared to control (90%), and RPS had
significantly differed (P < 0.01) among different TCH-
treated groups. The highest RPS values amounted to:
88.9%, 88.9%, and 77.8% in groups fed A. mem-
branaceus-, or S. baicalensis-, or fructus forsythiae-
enriched diets, and the lowest relative percent survival
was only 22.2% in groups fed Wolfiporia extensa-, or
bupleuri radix-enriched diets when challenged with 
V. splendidus. The highest mortality of 90% was noted in
control diet (Table 3). Fish began to die on day 1 in groups
treated with A. membranaceus, S. baicalensis, rhizoma
coptidis, radix glycyrrhizae, flos lonicerae japonicae, and
bupleuri radix, on day 2 in groups treated with fructus for-
sythiae, P. umbellatus, Wolfiporia extensa, and isatidis
radix after challenged with Vibrio splendidus (Table 3).

DISCUSSION
The immunostimulating effect of Astragalus mem-

branaceus, fructus forsythiae, Polyporus umbellatus,
Scutellaria baicalensis, Wolfiporia extensa, rhizoma cop-
tidis, radix glycyrrhizae, flos lonicerae japonicae, isatidis
radix, and bupleuri radix extracts on the marine fish, red
drum, was investigated in this study. The presently report-
ed results showed that experimental fish fed 2% doses of
the TCH extracts significantly enhanced PP (with the
exception of flos lonicerae japonicae), PI (with the excep-
tion of flos lonicerae japonicae and bupleuri radix),
lysozyme activities (with the exception of Wolfiporia
extensa), and RPS (with the exception of P. umbellatus,
W. extensa, radix glycyrrhizae, flos lonicerae japonicae,
isatidis radix, and bupleuri radix).
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Phagocytic cells are the most important cellular compo-
nents of the innate immune system of fish (Ardó et al. 2008).
Phagocytic activity is a primitive defence mechanism
(Neumann et al. 2001) and an important characteristic of the
non-specific immune system (Seeley et al. 1990). This

parameter usually shows an increase after oral administra-
tion of immunostimulants (Jeney et al. 1997). It is well
known that fish treated with immunostimulants can increase
phagocytosis (Sakai 1999). TCH extracts can enhance
phagocytosis in various fish species (Galina et al. 2009, Yin
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Fig.1. Effects of traditional Chinese herbs on serum lysozyme activity in Sciaenops ocellatus; * Significantly differ-
ent from control (P < 0.05, one-way ANOVA); A. membranaceus = Astragalus membranaceus, f. forsythiae =
fructus forsythiae, P. umbellatus = Polyporus umbellatus, S. baicalensis = Scutellaria baicalensis, W. extensa =
Wolfiporia extensa, r. coptidis = rhizoma coptidis, r. glycyrrhizae = radix glycyrrhizae, f.l. japonicae = flos lonicer-
ae japonicae, i. radix = isatidis radix, b. radix = bupleuri radix

Table 3
Relative percentage of survival (RPS) in Sciaenops ocellatus after being infected by Vibrio splendidus

Feed treatment group N Time [day] No. dead Mortality [%] RPS [%]
Astragalus membranaceus 3 × 10 1 3 10 88.9**
fructus forsythiae 3 × 10 2 6 20 77.8**
Polyporus umbellatus 3 × 10 2 18 60 33.3
Scutellaria baicalensis 3 × 10 1 3 10 88.9**
Wolfi poria extensa 3 × 10 2 21 70 22.2
rhizoma coptidis 3 × 10 1 9 30 66.7*
radix glycyrrhizae 3 × 10 1 18 60 33.3
fl os lonicerae japonicae 3 × 10 1 18 60 33.3
isatidis radix 3 × 10 2 18 60 33.3
bupleuri radix 3 × 10 1 21 70 22.2
Control 3 × 10 1 27 90 /

N = No. of fish challenged; Time indicates the day that fish began to die after challenged with Vibrio splendidus; No. dead
= No. of dead fish; Mortality = cumulative mortality; Data in the same column with asterisk are significantly different; 
* Significantly different from other treatments (P < 0.05, one-way ANOVA); ** Significantly different from other treatments
(P < 0.01, one-way ANOVA).



et al. 2009, Zhang et al. 2009, Huang et al. 2011, Ahmadi
et al. 2012). Previous studies showed that polysaccharides
and saponins are main active components of Astragalus
membranaceus. The latter herb enhanced the non-specific
immune response in yellow drum, Nibea albiflora
(Richardson, 1846) (see Wang et al. 2012). Feeding Nile
tilapia, Oreochromis niloticus (L.) with A. membranaceus
and flos lonicerae japonicae alone or in combination sig-
nificantly enhanced phagocytic and respiratory bursts
activity of blood phagocytic cells of the fish and both herbs
reduced the mortality following Aeromonas hydrophila
infection (Ardó et al. 2008). Bastard halibut, Paralichthys
olivaceus, fed diets containing TCH, including flos
lonicerae japonicae, had a significantly higher (P < 0.05)
superoxide dismutase (SOD) activities compared to con-
trol group, but the lysozyme activity and total protein con-
tents were not significantly different (P > 0.05) from con-
trol (Wang et al. 2006). In our experiments, A. mem-
branaceus, fructus forsythiae, P. umbellatus, S. baicalen-
sis, rhizoma coptidis, isatidis radix extracts significantly
enhanced the phagocytic activity of leukocytes isolated
from red drum during the 28 days feeding, even as early
as 3 days after start of feeding. This elevated activity was
maintained during the entire experiment (in the group fed
with feed containing A. membranaceus, or fructus for-
sythiae, or Polyporus umbellatus, or Scutellaria baicalen-
sis, or rhizoma coptidis, or isatidis radix, or Wolfiporia
extensa, or radix glycyrrhizae, or bupleuri radix) com-
pared to the control group. On the other hand, no effect on
phagocytic activity of leukocytes was found when fish
were fed with 2% flos lonicerae japonicae extracts during
the 28 days experiment. This suggests that some species
of TCH are not capable to boost the phagocytic activities
of the non-specific immunity of the fish. 

Lysozyme level is a measurable humoral component of
the non-specific defence mechanisms. Lysozyme is an
enzyme that can hydrolyze b-1-4-glucosidic linkages
between N-acetylmuramic acid and N-acetyl-D-glu-
cosamine residues present in the mucopolysaccharide cell
wall of a variety of bacterial pathogens. In the presently
reported study, it was observed that the lysozyme activity of
the red drum was enhanced by nine TCH (except Wolfiporia
extensa). Significant difference of lysozyme activity in all
treatment groups discontinued on day 35 (7 days after TCH-
supplemented feeding stopped). This suggests that
lysozyme activities are TCH dependent. Various authors
have also reported similar observations of increased val-
ues of fish serum lysozyme after activation of the immune
system with TCH (Yin et al. 2006, Ma et al. 2009, Zhang
et al. 2009, Ahmadi et al. 2012).

It is important to estimate the increased protection in
the treated fish to determine the efficacy of an immunos-
timulant. In this study, after challenge with Vibrio splen-
didus, all treated groups showed a reduced mortality com-
pared to control. The highest RPS was observed in the
group treated with Astragalus membranaceus, or
Scutellaria baicalensis, or fructus forsythiae. Among the
other groups, fish treated with rhizoma coptidis had 

a higher RPS than the fish treated with Polyporus umbel-
latus, Wolfiporia extensa, radix glycyrrhizae, flos lonicer-
ae japonicae, isatidis radix, or bupleuri radix. Survival
rates of infected fish usually increase after treatment with
immunostimulants (Sakai 1999), vaccines (Bakopoulos et
al. 2003), or probiotics (Brunt et al. 2007). Feeding large
yellow croaker, Larimichthys crocea (Richardson, 1846),
with glucan reduced mortality after challenging with
Vibrio harveyi (see Ai et al. 2007). A similar result was
reported after feeding Oreochromis niloticus with 
A. membranaceus, flos lonicerae japonicae, and boron
and subsequent infection with Aeromonas hydrophila (see
Ardó et al. 2008). Fish began to die on day 1 or 2 in dif-
ferent TCH treated groups and the control after chal-
lenged with V. splendidus. RPS was the highest in 
A. membranaceus-, or S. baicalensis-, or fructus forsythiae
treated groups (the fish began to die on day 1 or 2). Groups
treated with other TCH had a low RPS, and the day that
fish began to die was also on 1 or 2. Thus, we can conclude
that the day that fish began to die had no correlation with
RPS. This phenomenon can be found in the paper of Yin et
al. (2009), who reported that Cyprinus carpio L. infected
with Aeromonas hydrophila started to die after 36 h in the
groups fed diets containing Astragalus radix, Ganoderma
lucidum, and the combination of those two. 

A relation between the phagocytic tests and the survival
in the challenge was evident in the presently reported study.
Significant difference (P < 0.01) of both the PP activity on
day 3 and PI on day 7 can be found in the TCH-enriched
diets compared to control. RPS also exhibited significant
differences (P < 0.01 or P < 0.05) when the fish were chal-
lenged with Vibrio splendidus. This phenomenon may be
helpful for animal welfare in future trials.

Feeding a mixture of Chinese herbs may result in 
a potential probiotic effect in the intestine, this can be
confirmed by the higher feed conversion efficiency and
lower feed conversion ratio of Paralichthys olivaceus fed
diets containing TCH, including flos lonicerae japonicae
(see Wang et al. 2006). The subsequent increased activity
of phagocytic cells in the bloodstream, as well as
increased lysozyme activity, can destruct ingested
microorganisms, followed by a presumed positive effect
of these increased activities. 

To summarize, the results of our study showed that
Astragalus membranaceus, Scutellaria baicalensis, and
fructus forsythiae extracts alone could significantly
enhance leukocyte phagocytic activity of plasma
lysozyme activity. The three TCH alone, significantly
deceased the mortality, and enhanced the RPS. Thus, it
can be concluded that A. membranaceus, S. baicalensis,
and fructus forsythiae extracts can be used as immunos-
timulants to enhance immune response and disease resist-
ance of cultured red drum.
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