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TOM TAT

NGHIEN CUU THANH PHAN HOA HQC VA HOAT TINH
TANG CUONG HE MIEN DICH CA TRA CUA CAY CO SUA LA LON (Euphorbia
hirta L.) VA LA Ol (Psidium guajava L.)

Nghién cizu nham phan ldp cac hep chat co trong cay Co siza la lon (Euphorbia hirta L.) va I di
(Psidium guajava L.) dé bé sung thém thanh phan héa hoc cua hai loai cay ndy. Két qud da phdn Idp
dwoc cac hop chdt taraxerol (1) va taraxerone (2) tir cao n-hexane cua Co sia la lén va hop chat
avicularin (3) tir cao ethyl acetate cua |4 ¢i (Psidium guajava L.). Cau tric héa hoc cia cac hop chat
dd dwge xdc dinh bang cac phwong phdp phé nghiém: 'H-NMR, 13C-NMR, DEPT-NMR va so sanh vdi
cac tai liéu da cong bo. Ngodi ra, hoat tinh ting cuwong hé mién dich ca tra cia cao tong ethanol va 3
hop chdt phan ldp duwoc ciing da dwoc khao sat. Két qua cho thay Co siza la 16n (Euphorbia hirta L.) va
Oi (Psidium guajava L.) 1& c4c #ng vién tiém ndng trong viéc ting cuwong hé mién dich cé tra

(Pangasionodon hypophthalmus).

Tir khoa: Cé sira 14 lon, Oi, kha nang ting cirong mién dich

1. INTRODUCTION

The  striped catfish (Pangasionodon
hypophthalmus) is a migrant species that is
extensively cultured as a key commercial fish
in  Vietnam. Nowadays, intensive catfish
production leads to increasing pressure on
aquaculture to lessen or eradicate the use of
feed antibiotics, resulting in new research to
figure out safe and efficient natural
alternatives. Recent studies indicated that the
common trend of supplementing fish with
plant extracts could effectively improve
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aquatic  immunomodulation and  disease
resistance.

Euphorbia hirta L., a species belonging to
genus Euphorbia, Euphorbiaceae family, has
been found a lot in the Mekong Delta of
Vietnam. The leaves of E. hirta are found to
contain flavonoids, polyphenols, tannins,
sterols, alkaloids, glycosides and triterpenoids
[1,2]. Some pharmacological investigations
showed that E. hirta and its active components
possessed a wide range of bioactivities such as

anti-inflammatory, antifungal, antibacterial,
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antidiarrheal,  antioxidant,  antiasthmatic,
antitumor, antimalarial, larvicidal and diuretic
[3.4].

Psidium guajava L., a species belonging to the
Myrtaceae family, has been found to be rich in
nutrients, including vitamins and minerals
that are significant for human health.
Moreover, the investigation of biological
activities indicated that P. guajava exhibited
many bioactivities such as anti-inflammatory,
antifungal, antibacterial, antidiarrheal,
antioxidant, antidiabetic effects [5,6].

Our previous study demonstrated that plant
extract-based diets of E. hirta and P. guajava
were effective to stimulate immune responses
in striped catfish (P. hypophthalmus) [7].
Therefore, in this study, we investigated the
chemical investigation as well as the
immunomodulatory potential of some isolated
compounds from E. hirta and P. guajava.

2. EXPERIMENTAL

2.1. Chemicals and reagents

Solvents utilized including n-hexane, ethyl
acetate, n-butanol, methanol, and ethanol 96%
were purchased from Chemsol, purity > 99.0%.
Silicagel gel 60 (0.063-0.200mm, Merck), was
used for column chromatograph. TLC Foss
plate (Merck) was used for thin layer
chromatography.

2.2. Sample treatment and preparation

The whole plant of E. hirta and the leaves of P.
guajava were collected in March 2021 in Can
Tho city, Vietnam. The plants were
authenticated and wvoucher specimens were
kept under normal conditions. The plants were
then washed with water away from mud and
dust; the rotten and damaged parts were also
discarded. The plant materials were left to dry
in the shade at room temperature for some days
and then dried in an oven at about 60°C until
well-dried.

2.3. Extraction and isolation

The well-dried plants were ground into powder
which was then soaked in 96% ethanol at room
temperature four times (4 x 20 L) and filtered.
The filtrate were concentrated under vacuum at
50°C, to give crude ethanol extract. The
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residues were extracted with n-hexane, ethyl
acetate, n-butanol, and methanol, successively.
The extracts were concentrated to yield the
corresponding n-hexane, ethyl acetate, n-
butanol and methanol extracts.

The n-hexane extract of E. hirta (100g) was
first subjected to flash column chromatography
(CC), eluted in a gradient system consisting of
n-hexane and EtOAc (100:1-0:100) to obtain
eight fractions (HE1-8). Fraction HE3 was re-
subjected on silica gel CC, eluted with n-

hexane: EtOAc  (50:1-0:100) and 14
subfractions (HE3.1-14) were collected.
Subfraction HE3.3 was further

chromatographed on silica gel CC, with n-
hexane: EtOAc (50:1-0:100) to obtain four
subfractions (HE3.3.1-4). Then, subfraction
HE3.3.3 was further chromatographed on silica
gel CC, with n-hexane: EtOAc (80:1-50:1) to
obtain four subfractions (HE3.3.3.1-4) and at
last compound 1 (120 mg) and compound 2
(140 mg) were obtained.

The ethyl acetate extract of P. guajava was
subjected to flash column chromatography
(CC) on silica gel and eluted with various
proportions of n-hexane and ethyl acetate
(100:0- 0:100) to obtain 15 fractions (EE1-15).
Fraction EE5 was further separated on a silica
gel column, eluted with CHCl;: MeOH (50:1-
1:1) to vyield eight subfractions (EE5.1-8).
Finally, compound 3 (50 mg) was obtained
from subfraction EE5.6.

2.4. Experimental fish

Total 150 striped catfish juveniles (body
weight = 50 + 5 @) were acclimated to
laboratory conditions for 15 days at 28 + 2°C
in composite tank (2000 L). Fish were fed
twice (9 am and 3 pm) daily at a feeding rate of
1% of body weight with a commercial feed
(30% crude proteins, 2.5 mm, Proconco) under
a natural photoperiod prior to their use in the in
vitro assay. The health status of experimental
fish was checked following the method
described by Biswas et al. with slight
modifications [8]. Briefly, few randomly
sampled animals were examined for the
presence of any abnormal lesions or parasites



on body surfaces and internal organs [9].
Further, smears head kidney from the same
fish were cultured on tryptic soy agar plate
(TSA, Merck) for 24-48 h at 28°C for
existence of any bacterial pathogens. Any
colonies presented on TSA plate were used to
perform PCR for detecting 16s RNA genes of
commonly bacterial pathogens (A. hydrophyla,
E. ictaluri and Flavobacterium columnare) in
striped catfish [10]. Healthy fish which did not
present any pathogenic bacteria, were used for
experiment.

2.5. Isolation of head kidney leukocytes
(HKLs)

Head kidney tissue was aseptically excised
from freshly euthanized striped catfish and
gently pushed through a 40-um nylon mesh
(VWR International, LLC, Radnor, PA USA)
with L-15 medium (pH 7.4, SigmaAldrich, St.
Louis, MO, USA) supplemented with a 1%
solution of 10,000 pg mL? streptomycin
+10,000 U mL™? penicillin (Invitrogen).

After washing, HKLs were removed from
residual erythrocytes by incubating them 5 min
with an osmotic shock sterile red blood cell
lysis buffer (pH 7.4). The suspension was
neutralized by PBS 1X (v: v) and centrifuged
as indicated previously, then the leukocytes
were collected and suspended in L-15 medium
supplemented with 5% fetal bovine serum
(FBS; Invitrogen), 1% Hepes (20 mM, Sigma,
USA) and 1% of a T-cell-specific mitogen
agent, phytohemagglutinin A (PhA M form,
Invitrogen).

Viable cells were adjusted to 5x10° cells mL™!
after enumeration using trypan blue stain and
seeded in wells of a 24 or 48-well plate.

After isolation of striped catfish HKLs, five
hundred pL of cell suspension (5 x 10° cells
mLY) in L-15 medium supplemented with 5%
FBS, 1% Hepes and 1% of a T-cell-specific
mitogen agent, phytohemagglutinin A were
added to each well of 48-well plate. Afterward,
leukocytes stimulation was carried out with
samples to reach final concentrations at 10 and
100 pug mL* for extracts; 10 and 50 pg mL* for
pure compounds. Cells cultivated in the same
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medium containing 0.5% DMSO served as
control. Each experiment was realized in
triplicates. The humoral immune response was
assessed for 24 hrs at 28°C in a humidified
atmosphere of 5% CO,. Collected leukocyte
membranes were disrupted by 50 pL lysis
buffer (50 mM tris HCI, 150 mM NacCl, 0.1%
Triton X 100, PMSF 0.1 pg mL). Samples
were centrifuged at 2000 g for 10 min to
remove debris. Supernatants were collected for
immune assays.

2.6. Immune parameters

2.6.1. Lysozyme assay

The lysozyme assay protocols were adapted
from Ellis and Milla et al. [11,12]. Briefly, 0.3
pug mL™? Micrococcus lysodeikticus (Sigma)
was suspended in phosphate buffer, pH 6.2. In
96 wells microplates, the lysozyme activity
was measured after mixing 30 pl of cell culture
supernatant with 120 pL of M. lysodeikticus
suspension. The difference in absorbance at
450 nm was monitored in every 30 s, between
0 and 30 min. The absorbance measurements
were used to calculate lysozyme activity in
units. One unit represents the amount of
lysozyme that caused a 0.001 decrease in
absorbance.

2.6.2. Complement assay

The alternative complement pathway (ACH50)
was assayed using rabbit red blood cells
(RRBC, Biomerieux, Craponne, France). The
assay protocols were adapted from Sunyer and
Tort [13] and Milla et al. [12]. Briefly, 3 pL of
RRBC suspension (3%) diluted in veronal
buffer (Biomerieux) were mixed with serial
dilutions of cell culture supernatant (60 mL of
total volume). After incubation for 120 min at
28°C, the samples were centrifuged at 2000 g
for 10 min at room temperature. The
spontaneous hemolysis was obtained by adding
60 mL of veronal buffer to 10 mL of RRBC.
The total lysis was obtained by adding 60 mL
of distilled water to RRBC. The absorbance of
these samples was then measured at 405 nm.
Appropriate calculations served to estimate
complement activity.



2.6.3. Total immunoglobulin assay

The total immunoglobulin (Ig) concentrations
of samples were measured by the method of
Siwicki and Anderson [14], modified by Milla
et al. [12]. Briefly, immunoglobulins were
precipitated with 10,000 kDa polyethylene
glycol (PEG, Sigma). Serums were mixed with
12% PEG solution for 2 h at room temperature
under constant shaking. After centrifugation at
1000 g for 10 min, the supernatant was
collected and assayed for its protein
concentration. The total immunoglobulin
concentration was calculated by subtracting
this value from the total protein concentration
in the plasma before precipitation with PEG.
2.7. Statistical analysis

All data were expressed as mean + standard
deviation (S.D.). One-way analysis of variance
(ANOVA) followed by Tukey's test was run to
find out any difference in immune parameters.
Results were considered as statistical
significant when p value was < 0.05.

3. RESULTS and DISCUSSION

3.1. Structural elucidation

The structures of isolated compounds were
characterized NMR spectra and by comparison
with literature data.

3.1.1. Compound 1

Compound 1 was characterized as white

powder, m.p. 282-284°C; [a]3’ = + 9.2 (c 0.1,

CHCI3)

'H-NMR (500 MHz, CDCls), &y (ppm): 5.53
(1H, dd, 8.5 and 3.5 Hz, H-15); 3.19 (1H, dd,
10.5 and 3.5 Hz, H-3); 1.09 (3H, s, H-27); 0.97
(3H, s, H-23); 0.95 (3H, s, H-29); 0.92 (3H, s,
H-25); 0.91 (3H, s, H-28); 0.91 (3H, s, H-30);
0.82 (3H, s, H-26); 0.80 (3H, s, H-24).
13C-NMR (125 MHz, CDCl3), 8¢ (ppm): 158.1
(C-14); 116.9 (C-15); 79.1 (C-3); 55.5 (C-5);
49.3 (C-9); 48.7 (C-18); 41.3 (C-7); 39.0 (C-8);
38.7 (C-4); 38.0 (C-17); 37.7 (C-1); 37.7 (C-
12); 37.5 (C-10); 36.7 (C-16); 35.8 (C-13);
35.1 (C-19); 33.7 (C-21); 33.3 (C-29); 33.1 (C-
22); 29.9 (C-28); 29.8 (C-26); 28.8 (C-20);
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28.0 (C-23); 27.1 (C-2); 25.9 (C-27); 21.3 (C-
30); 18.8 (C-6); 17.5 (C-11); 15.4 (C-25); 15.4
(C-24).

Compound 1 was obtained from n-hexane
extract as white powder, m.p. 282-284°C
(MeOH). IR spectrum (KBr, vmax, cm™): 3435
(-OH), 2941, 2869, 1642, 1457, 1381, 1030.
The BC-NMR and DEPT spectra of 1
displayed 30 carbon signals, including 1
carbinol carbon >CH-OH at 8¢ 79.1 (C-3), one
tertiary olefinic carbon =CH- [6¢ 116.9 (C-
15)], one quaternary olefinic carbon =C< [d¢
158.1 (C-14)], 8 methyl carbons -CHs, 10
methylene carbons, 3 methine carbons >CH-
[6c 55.5 (C-5); 49.3 (C-9) and 48.7 (C-18)],
and 6 quaternary carbons. The !H-NMR
signals suggested the presence of triterpene
skeleton — taraxerane, consisting of one
hydroxyl group and one double bond. From
HMBC, 2 methyl groups at C-29 and C-30
correlated with each other and also correlated
with C-20, C-19 and C-21. Both methyl groups
H3-26 and Hs-27 correlated with the olefinic
quaternary carbon at C-14. In addition, protons
H3-26 also correlated with C-8, C-9 and C-7.
Protons Hs-27 also correlated with carbons at
C-13, C-18 and C-12. Besides, olefinic proton
at du 5.53 corresponed with three quaternary
carbons at C-8, C-13 and C-17; so the double
bond must be at C-14 and C-15. Proton Hs-28
corresponded with four carbons at C-17, C-18,
C-16 and C-22. Methyl proton Hsz-25
correlated with three carbons at C-9, C-5 and
C-1. Two methyl groups C-23 and C-24
correlated with each other and also correlated
with carbon at C-4, C-5 and C-3. The double of
doublet signal (J = 8.5 and 3.5 Hz) appeared at
dn 5.53 is assigned to the olefinic proton H-15.
The broad doublet signal (J = 10.5 and 3.5 Hz)
was found at 6y 3.19 could be assigned to
proton H-3. This allow to identify compound 1
as p-taraxerol through the comparison of
physical and spectral data with the published
data [15].

3.1.2. Compound 2



Compound 2 was characterized as a white
solid, m.p. 238-240°C; a3 = + 12.3 (c 0.1,
CHCly)

'H-NMR (500 MHz, CDCls), &n (ppm): 5.56
(1H, dd, 8.5 and 3.5 Hz, H-15); 1.14 (3H, s, H-
27); 1.09 (3H, s, H-23); 1.08 (3H, s, H-25);
1.07 (3H, s, H-24); 0.96 (3H, s, H-29); 0.92
(3H, s, H-28); 0.91 (3H, s, H-30); 0.83 (3H, s,
H-26).

B3C-NMR (125 MHz, CDCl3), 8¢ (ppm): 217.5
(C-3); 157.6 (C-14); 117.2 (C-15); 55.8 (C-5);
48.8 (C-9); 48.7 (C-18); 47.6 (C-4); 40.7 (C-
19); 38.9 (C-8); 38.4 (C-1); 37.8 (C-17); 37.7
(C-10); 37.6 (C-13); 36.7 (C-16); 35.8 (C-12);
35.1 (C-7); 34.1 (C-2); 33.6 (C-21); 33.4 (C-
29); 33.1 (C-22); 29.9 (C-28); 29.7 (C-26);
28.8 (C-20); 26.1 (C-23); 25.6 (C-27); 21.5 (C-
24); 21.4 (C-30); 20.0 (C-6); 17.5 (C-11).
Compound 2 was obtained as colourless
needles with m.p. 238-240°C. The !H-NMR
spectrum showed eight singlet signals
representing eight methyl groups, all of which
were singlets at 6y 0.83, 0.91, 0.92, 0.96, 1.07,
1.08, 1.09 and 1.14 for H-26, H-30, H-28, H-
29, H-24, H-25, H-23 and H-27 respectively
and one olefinic proton at 64 5.56 (1H, dd, J =
85 and 3.5 Hz). The ®C-NMR of the
compound 2 showed 30 carbon signals
including eight methyls, ten methylenes, four
methynes and eight quaternary carbons. A
carbonyl was observed at 8¢ 217.5. The double
bond was represented by two singlets at d¢
157.6 and 117.2 for carbons C-14 and C-15,
respectively. The signal for C-14 was shifted to
the lower field because it is a quaternary carbon
at the ring junction of rings C and D. By
comparing with literature information, compound
2 was determined as taraxerone [16].

3.1.3. Compound 3

24 28

Compound 3 was obtained as yellow powder,
m.p. 216-218°C

'H-NMR (500 MHz, CD30D), & (ppm): 7.54
(1H, s, H-2"); 7.51 (1H, d, 8.5 Hz, H-6'); 6.92
(1H, d, 8.5 Hz, H-5'); 6.41 (1H, s, H-8); 6.23
(1H, d, 8.5 Hz, H-6); 5.49 (1H, s, H-1"); 4.35
(1H, d, 2.5 Hz H-2"); 3.92 (1H, m, H-4'"); 3.89
(1H, 1,45 Hz, H-3");3.52 (2H, m, H-5").
BC-NMR (125 MHz, CD3OD), &c (ppm):
180.0 (C-4 ); 166.1 (C-7); 163.1 (C-5); 159.4
(C-2); 158.6 (C-9); 149.9 (C-4"); 146.4 (C-3');
134.9 (C-3); 123.1 (C-6"); 123.0 (C-1"); 116.9
(C-27); 116.5 (C-5'); 109.6 (C-1"); 105.6 (C-
10); 99.9 (C-6); 94.8 (C-8); 88.1 (C-4""); 83.3
(C-2"); 78.7 (C-3"); 62.6 (C-5"").

The 'H-NMR data of compound 3 indicated
that ring A is 5,7-disubstituted, as shown by
two meta-located protons at 54 [6.41 (1H, s, H-
8) and 6.23 (1H, s, H-6)]. The observation of
ABX system at oy [7.54 (1H, s, H-2"), 7.51
(1H, d, 8.5 Hz, H-6') and 6.92 (1H, d, 8.5 Hz,
H-5)] has suggested a 3',4' -disubstituted ring
B. A 3-O-substituted quercetin structures were
indicated for compounds 3 due to the
corresponding anomeric protons at ox 5.49
(1H, s) characteristic for arabinofuranosyl
moiety. The structure of compound 1 were
characterized as  quercetin 3-0-a-L-
arabinofuranoside (avicularin) by comparison
with literature data [17].

Three compounds 1-3 were isolated and
identified from the whole plant of E. hirta and
the leaves of P. guajava, including taraxerol
(1), taraxerone (2) and avicularin (3) by
analysis of their NMR spectra and comparison
with literature data. (Fig. 1).

taraxerone (2)

avicularin (3)

Fig 1. Chemical structures of compounds 1-3
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3.2. Effects of crude extracts and isolated
compounds on immune response of HKLs
3.2.1. Lysozyme activity

Crude ethanol extract of E. hirta L. and P.
guajava and compounds (1), (2), (3) have
selected to investigate on increase immune
responses in a dose dependent manner in
striped catfish HKLs after 24 hrs, at 10 and
100 pg/mL for extracts; at 10 and 50 pg/mL
for pure compounds.

As shown in Fig. 2, the lysozyme levels in
HKLs treated with E. hirta and P. guajava
extracts after 24 hrs were increased compared
to those of the control (both 10 and 100
pg/mL).

The results showed that lysozyme levels in
HKLs were regulated by the plant extracts of
E. hirta and P. guajava at 100 pg/mL
significantly. The level of lysozyme in HKLs
ranged between 1.8 and 2.5 (at 100 pg/mL of
E. hirta and P. guajava extracts, respectively)
times than those of the control.

At the low dose of 100 pg/mL of taraxerol and
taraxerone  significantly  enhanced  the

ase of lysozyme relate to cont

Fold incre

of Ig relate to control

1

lysozyme levels compared with control (p <
0.05) in HKLs, while avicularin showed no
statistical influence on lysozyme activity.

3.2.2. Complement activity

The complement levels increased in cells
treated with crude extract as well as some
isolated compouns compared with control
treatment at 24 hrs (p<0.01) (Fig. 2). In
particular, the treatment containing taraxerol
100 pg/mL was observed to possess the highest
level compared to other treatments throughout
the sampling time points.

3.2.3. Total immunoglobulin (Ig)

Total Ig activity was noticed to be statistically
higher in crude extract treated groups at 24 hrs
compared with control group (p<0.01). The
level of total Ig was found to be the highest in
the crude extract of E. hirta (at 100 pg/mL),
increased about three times than those of the
control. However, no significant changes were
observed in HKLs stimulated with taraxerol
and taraxerone (Fig. 2).

Fig. 2. Effects of extracts and pure compounds on immune parameters of striped catfish HKLs
(where: (A) The effects on lysozyme levels; (B) The effects on complement activities; (C): The effects on
total 1g. Asterisk indicates significant differences between stimulated and non-stimulated cells at 24 h
(*p < 0.05; **p < 0.01). Values are mean = S.D. (n = 3)).

Manipulaton of heath status using plant
extracts has been developed as an ecological
practice for sustainable aquaculture [18].
Among the plant derived products, E. hirta and
P. guajava displayed immunomodulatory
properties due to their presence of various
biological compounds [19, 20]. In the present
study, the immunomodulatory effects of E.
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hirta and P. guajava extracts as well as
isolated compounds were assessed by
evaluating their capacities to improve immune
parameters. The current study revealed that the
increase of lysozyme levels, complement
activities, as well as total Ig was concentration-
dependent. In agreement with our results,
several studies also indicated that E. hirta and



P. guajava extracts positively enhanced
lysozyme levels, complement activities and
total 1g in rohu, tilapia, and common carp [21-
23].

4. CONCLUSION

Phytochemical analysis of different fractions of
the plant E. hirta and P. guajava led to the
isolation of three compounds including
taraxerol (1), taraxerone (2), and avicularin (3).
The structures of the natural compounds were
determined from the NMR spectroscopic
evidences.

Both crude ethanol extracts and compounds
(1), (2) and (3) enhanced immune responses in
striped catfish (Pangasianodon
hypophthalmus).

Our results suggest a positive contribution of
E. hirta and P. guajava to increase immune
responses in a dose dependent manner in
striped catfish HKLs.
ACKNOWLEDGEMENT

The authors would like to thank Project
AguaBioactive (ARES-CCD) and Can Tho
University for financially supported this work
throught project T2022-29.

REFERENCES

[1] Wu, Y., Qu, W., Geng, D., Liang, J. Y., &
Luo, Y. L. (2012). Phenols and flavonoids
from the aerial part of Euphorbia hirta.
Chinese Journal of Natural Medicines, 10(1),
40-42.

[2] Kumar, S., Malhotra, R., & Kumar, D.

(2010). Euphorbia hirta: Its chemistry,
traditional and  medicinal  uses, and
pharmacological activities. Pharmacognosy

Reviews, 4(7), 58-61.

[3] Youssouf, M. S., Kaiser, P., Tahir, M,
Singh, G. D., Singh, S., Sharma, V. K. & Johri,
R. K. (2007). Anti-anaphylactic effect of
Euphorbia hirta. Fitoterapia, 78(7-8), 535-
539.

[4] Hore, S. K., Ahuja, V., Mehta, G., Kumar,
P., Pandey, S. K., & Ahmad, A. H. (2006).
Effect of aqueous Euphorbia hirta leaf extract
on gastrointestinal motility. Fitoterapia, 77(1),
35-38.

91

[5] Rawi, S. M., Mourad, I. M., & Sayed, D. A.
(2011). Biochemical changes in experimental
diabetes before and after treatment with
Mangifera indica and Psidium guava
extracts. International Journal of Pharmacy
and Biological Sciences, 2(2), 29-41.

[6] Mahfuzul Hoque, M. D., Bari, M. L.,
Inatsu, Y., Juneja, V. K., & Kawamoto, S.
(2007). Antibacterial activity of guava
(Psidium guajava L.) and neem (Azadirachta
indica A. Juss.) extracts against foodborne
pathogens and spoilage bacteria. Foodborne
Pathogens and Disease, 4(4), 481-488.

[7] Nhu, T. Q., Hang, B. T. B., Vinikas, A,
Hue, B. T. B., Quetin-Leclercq, J., Scippo, M.
L., & Kestemont, P. (2019). Screening of
immuno-modulatory potential of different
herbal plant extracts using striped catfish
(Pangasianodon hypophthalmus) leukocyte-
based in vitro tests. Fish and Shellfish
Immunology, 93, 296-307.

[8] Biswas, G., Korenaga, H., Nagamine, R.,
Takayama, H., Kawahara, S., Takeda, S., &
Sakai, M. (2013). Cytokine responses in the
Japanese pufferfish (Takifugu rubripes) head
kidney cells induced with heat-killed probiotics
isolated from the Mongolian dairy products.
Fish and Shellfish Immunology, 34(5), 1170-
1177.

[9] Yanong, R. P. (2003). Necropsy techniques
for fish. In Seminars in avian and exotic pet
medicine, 12(2), 89-105.

[10] Panangala, V. S., Shoemaker, C. A., Van
Santen, V. L., Dybvig, K., & Klesius, P. H.
(2007). Multiplex-PCR  for  simultaneous
detection of 3 bacterial fish pathogens,
Flavobacterium  columnare, Edwardsiella
ictaluri, and Aeromonas hydrophila. Diseases
of Aquatic Organisms, 74(3), 199-208.

[11] A.E. Ellis, T.C. Stolen, P.D. Fletcher, B.S.
Anderson, B.S. Roberson, W.B. Muiswinkel

(Eds.), (1990). Lysozyme Activity, SOS
Publications, Elsevier Inc., New York.
[12] Milla, S., Mathieu, C., Wang, N.

Lambert, S., Nadzialek, S., Massart, S., &
Kestemont, P. (2010). Spleen immune status is
affected after acute handling stress but not



regulated by cortisol in Eurasian perch, Perca
fluviatilis. Fish and Shellfish Immunology,
28(5-6), 931-941.

[13] Sunyer, J. O., & Tort, L. (1995). Natural
hemolytic and bactericidal activities of sea
bream Sparus aurata serum are effected by the
alternative complement pathway. Veterinary
Immunology and Immunopathology, 45(3-4),
333-345.

[14] Siwicki, A. K., & Anderson, D. P. (1993).
An easy spectrophotometric assay for
determining total protein and immunoglobulin
levels in fish sera: correlation to fish health.
Tech Fish Immunol, 3, 23-30.

[15] Koay, Y. C., Wong, K. C., Osman, H.,
Eldeen, I., & Asmawi, M. Z. (2013). Chemical
constituents and biological activities of
Strobilanthes crispus L. Records of Natural
Products, 7(1), 59-64.

[16] Jamal A., Yaacob W. and Din L. B.
(2009), Triterpenes from the root bark of
Phyllanthus columnaris, Australian Journal of
Basic and Applied Sciences, 3(2), 1428-1431.
[17] Dawidar, A. M., Abdel-Mogib, M., El-
Naggar, M. E., & Mostafa, M. E. (2014).
Isolation and characterization of Polygonum
equisetiforme flavonoids and their acaricidal
activity against Tetranychus urticae Koch.
Research  Journal of  Pharmaceutical,
Chemical and Biological Sciences, 5(4), 140-
148.

[18] Awad E, Awaad A. (2017). Role of
medicinal plants on growth performance and
immune status in fish. Fish and Shellfish
Immunology, 67, 40-54

[19] Kumar, S., Malhotra, R., & Kumar, D.
(2010). Euphorbia hirta: Its chemistry,

92

uses, and
Pharmacognosy

traditional and  medicinal
pharmacological activities.
Reviews, 4 (7), 58-61.

[20] Naseer, S., Hussain, S., Naeem, N,
Pervaiz, M., & Rahman, M. (2018). The
phytochemistry and medicinal value of
Psidium guajava (guava). Clinical
Phytoscience, 4(1), 1-8.

[21] Giri S., Sen S., Chi C., Kim HJ,, Yun S.,
Park SC., et al. (2015). Effect of guava leaves
on the growth performance and cytokine gene
expression of Labeo rohita and its
susceptibility to Aeromonas hydrophila
infection. Fish and Shellfish Immunology, 46,
217-224.

[22] Hoseinifar SH., Sohrabi A., Paknejad H.,
Jafari V., Paolucci M., Van Doan H. (2019).
Enrichment of common carp (Cyprinus carpio)
fingerlings diet with Psidium guajava: the
effects on cutaneous mucosal and serum
immune parameters and immune related genes
expression. Fish and Shellfish Immunology, 46,
217-224.

[23] Gobi N., Ramya C., Vaseeharan B.,
Malaikozhundan B., Vijayakumar S., Murugan
K., (2016). Oreochromis mossambicus diet
supplementation with Psidium guajava leaf
extracts enhance growth, immune, antioxidant
response and resistance to Aeromonas
hydrophila. Fish and Shellfish Immunology,
58, 572-583.



