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Evaluation of the histological effects of Andrographis paniculata
extract on the intestine of olive flounder (Paralichthys olivaceus)
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Andrographis paniculata is a medicinal plant with pharmacologically active components. It is widely
used in various treatments due to their ability for immune stimulation, anti-inflammation, antibacterial,
antioxidant, and liver protection. In this study, olive flounder (length 15+1.5 cm, weight 20+2.3 g)
were fed with either commercial flounder feed (Control) or control feed supplemented with 0.2%
A. paniculata extract (GBL) for 36 days. Its effects were evaluated under oral infection with E. leei
(10* cells/fish) through survival rate and histology analysis of intestinal tissues. At the end of experi-
ment, survival rate of GBL groups had lower mortality compared to those of control group. For
the histological analysis, under infection with E. leei, the count of goblet cells significantly increased
in GBL groups compared to the control group. Villus length, width and muscularis thickness were
significantly increased in GBL group. In addition, the GBL group had a significant reduction in lamina
propria width under the infection condition. These results suggest that the use of 4. paniculata extract
as a feed additive can improve intestinal health of olive flounder.
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Bobadilla et al., 2019). ZU] t}Fg WM EZES
FoAgor AQAA FAH, WY 7|50l
FURES o, 71A%, Alet, vlolg 2 Sl o7 &
AEd e FEAZ + AKChoi er al., 2012).
ol FoA I=A A Agte A FHo Zdo|E i
A 713, 48 9] 7% AstAA 443 A &
43S 7| X th(Han et al., 2023; Pang et al., 2023).
AU AMEZZ2) Enteromyxum leeic= DY &4
= A3l o] Fol A3 oY ZAS go It}
(Estensoro et al., 2013)

H 3”"3;‘1] Az HEo] Bl &
A7 Ao L7 QF% 2EE &89
A=FEh= Ao FEka th(Karthi et al., 2018).
A H(Adndrographis paniculata)S ¥ 28] =3}
| &3t 252 Gl © ofgl ofAlof el A
1k = T (Palanikani et al., 2020). A4 @l o
S} Diterpenoids 2 Polyphenol®] EA]3tH, =2 A
g] 4 E32 L Diterpenoids Al €<l Andrographolide
222 B 15 (Seong et al., 2022). Andrographo-
lidex @43} @49 A4S A7), AHE
nhe- 2o A FEF, Fhfole s, F H I RS
of thgk a7} Qlo] e AW X EAEHN HY
ASA, SYERFAZ AHREHE AEE 4HA
S THKumar et al., 2004; Seong et al., 2022). S}A| 3t
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vl v g Aol
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HAe AFE AAZA A4 24 92 F
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FrAshar A AE A 273 AP S0l
- SAI AT FA e e A sk FerAn A
gk 77 7} Polymerase chain reaction (PCR)<
AAEtA E leeid] AAEHA Bae SAsAT
Table 1> E. leei FZ-<S 913 PCR primerg YER]
A (Kang et al., 2020).

AR A

B AFolA AFEE P AE(Commercial feed,
ChHE 9x& WA A=<l #37H(Daebong LF,
Seogwipo, Republic of Korea)E A&t omH, A
HAA = AN -H A paniculata) FEE°] 10% T
H 7154 AFE 3 7HAIQ] GBL (Fishcare Lab, Seog-
wipo, Republic of Korea) A &S AF-&3}5 .
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BN A F L A9eha wgos
AR AN EAFS BASGTh Fo JRE

= oJUlo] Gentamicin (Gibco, Waltham, MA, USA),
Penicillin-Streptomycin (Gibco, Waltham, MA, USA),

el B AFE dxo HAY =EEo] 3} Amphotericin B (Gibco, Waltham, MA, USA)7} 3
H AIEE TEFIYE L u Ao nxE= gk gx 7}& 5ml washing solution®l] 2 ATh. A E2}Z-0]
FAA HAE Fdste AHEZAZ i & 289 F JAEF 43 vortexing 3L 40 um
HE dolrry] Y3 F =2 H BEA(FAE cell strainer (SPL Life sciences, Pocheon, Republic
(goblet ceu) T, %E 7;_. ]9,]- ];1]:‘] A J—]—(lamina of KOrea)oﬂ Solution% 156_3”]'/\]23\11}’ T"i“ﬂ% solution
propria)®] UH], 2% F7)S 854 < Hemocytometer= E. leei®] 5 43It
Table 1. E. leei PCR primers used in this study

Primer Sequence (5°- 3’) Expected size Reference
EL-F GATGAAACTGCGAAGCGCTC

EL-R CACAAGTTGATGACTTGCGC

1468bp Kang et al. (2020)
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Table 2. Experimental diets and oral infection status in
olive flounder

. Oral infection
Diets

with E. leei
Control CF X
GBL CF + GBL (0.2%) X
Control+OI CF O
GBL+0I CF + GBL (0.2%) O

CF, commercial feed; OI, oral infection with E. [eei;
GBL, Andrographis paniculata extract
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Table 3. Verification of E. leei infection in experimental groups'

Control GBL Control+OI GBL+OI
1 2 3 1 2 3 1 2 3 1 2 3
E. leei count 0 0 0 0 0 0 21 0 3 22 10 0

'E. leei infection was determined based on E. leei counts in the intestine of flounder (three fish per experimental

group)
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Fig. 1. Image analysis of distal intestinal histology (Alcian
Blue-Periodic Acid Schiff (AB-PAS) staining) of olive
flounder. GC, goblet cells; VL, villi length; VW, villi
width; LP, lamina propria; MT, muscularis thickness.
Scale bar: 50 pm.
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+ R Studio (version 4.2.2)& ©]&3}4 two-way
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7, p<0.01; 77, p<0.001).
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Fig. 2. Representative images of distal intestine of olive flounder after different treatments. Non-infected flounder
were fed with either control diet (A and E) or GBL supplemented diet (B and F). Flounder orally infected with
E. leei were fed with either control diet (C and G) or GBL supplemented diet (D and H). Low magnification of
transversal intestine sections was shown in A-D while high magnification of images was shown in E-H. GBL,
Andrographis paniculata extract; Ol, oral infection with E. leei. Scale bars: 50 pm.
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Fig. 3. Image analysis of distal intestinal histology of olive flounder after different treatments. Values in the figure
are mean = SEM. (A) goblet cell count; (B) villi length (pm); (C) villi width (um); (D) lamina propria width (pm);
(E) muscularis thickness (um); OI, oral infection with E. leei; GBL, Andrographis paniculata extract; ns indicates

no significant difference; * indicates p <0.05;

E, F), &9 15X = §529 ¢ Zo|7t 3
stal =7 }vﬂok— T EF NS HAFe
2ol #AE A tK(Fig. 2C, D, G, H).

A Z = 729 18(0.38+0.02/mm*)°] BIZF
T1E(0.88+0.08/mm?) B} &) vl EtA] Ak
o, 7+4 1& oA GBL+OI (0.43+0.02/mm?)
= Control+OI (0.29+0.06/mm*) 2.t} f-2|u|slA] =
7} tH(p < 0.05) (Fig. 3A).

2 Aol 7+ 1E(150.96+8.52 pm)o] M7+
o T15(452.96+19.84 pm)R.t} Fro)u|atA 7FAs
Fom, 74 & WolA GBL+OI (173.57+9.84
um)= Control+OI (127.27+7.74 ym)R2.th 273}

of b P

o2
X

Ir |

indicates p <0.01; and -

indicates p <0.001, respectively.

Al S7FEAtH(p < 0.001) (Fig. 3B).
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3R THp < 0.01) (Fig. 3D).
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Fig. 4. Survival rates of olive flounder after
different treatments for 36 days. Non-in-
fected flounder were fed with either control
diet (Control) or GBL supplemented diet
(GBL). Flounder orally infected with E.
leei were fed with either control diet (Con-
trol+OI) or GBL supplemented diet (GBL+
OI). GBL, Andrographis paniculata extract;

36 Ol, oral infection with E. leei.

al., 2019; Liu et al., 2014; Michelsen et al., 2013).
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