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Effect of Korean Red Ginseng Crude Saponin on

Di(2—ethylexylphthalate) —induced Respiratory Toxicity

Seung Hwa Baek, Ji Hye Oh, Hee Won Seo, Seock Yeon Hwang*

Department of Biomedical Laboratory Science, Daejeon University

Phthalates are used as plasticizers in plastics and other products, including household goods, and enter the
human body mainly through oral, inhalation, and skin. Saponins in Korean red ginseng are known to have immune
enhancement, central nervous system protection, anticancer, and anti-inflammatory properties. Therefore, the present
study aimed to investigate the protective effects of Crude-saponin administration against DEHP-induced respiratory
toxicity. A DEHP-induced respiratory toxicity model was performed using prepubertal 4-week-old SD rats, and the
inflammatory response of blood and tissues obtained through autopsy was analyzed to determine the toxicity of DEHP
and the protective effect of Crude-saponins against it. The results showed that MUC5AC and CCR3 were consistently
increased in the DEHP-treated model, as well as the expression of key respiratory mucins. The inflammatory cytokines
IL-13 and IL-5 increased, and TARC, which is responsible for Th2 migration, also tended to increase. However, the
above phenomena gradually decreased in a concentration-dependent manner in the Crude-saponin-treated group.
These results confirm that Crude-saponins are involved in gene protein expression inhibition and stress-induced
mechanisms in respiratory injury. The expression of key respiratory mucins was consistently increased in the DEHP
treatment model. As DEHP-induced impairment of NF-xB/MAPK signaling has been reported, further in vitro studies
are needed to investigate the mechanisms involved in upstream signaling.
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DERo|Ex AFA &A1Y R TS FHAIFII] A
& 7taAdZ &3] AIREY, 1 FoA %= di(2-ethylhexyl)phthalate
(DEHP)= polyvinyl chloride (PVC) Z2tAE 7tAA2 SAHS
sojste], AF 27, AE T4E, ey 2 Vg AEol A
=Y, ol AjAlgo] WL o2 olgEn glon, FF Mt
Az AEE7|E S g3A Aot SHPSFASY] g2 21
Ue Joi2R &0 Ugt 2AER Z2AE AR AHEe
=z o] E TjAbA|Ql MEHHP, MEOHP, MECPP, MnBP 59| A&
o] BE AN olFHct A Uehi: o2 Husw g
o 53, S2uet g-gol. 25| U3 g-gol, 25
uch 26 ol & 2oz ENuQith olgh Ze meol
F2 770 89 192 0ug 59 AU Asshe oz u
91 glon, A2 AYUAE §3 zgole & 9el7t AR
I Qe AR, ¥algol AdiHoz Aot £2 JHYeR &
A5t= DMP(dimethyl phthalate), DEP (diethyl phthalate), DBP
(di-n-butyl phthalate) Sit 2], EA}Fo] 2 DEHP
(di(2-ethylhexyl)phthalate)?] 739 WA S &8 =% 7|9 =7l =
2 7o 43R Frjdle] WyolN ZolE =52 Tsby] of
219 iAol AxL o, F3olk, Wxlo] Z3H DEHPY =
At ojo] =& ojgolo] HA] WY Ato]o] AMAYo] MA|E Ut
°. DEHPE Rgst T olEL 304 YY¥o| 2+3mm o]t
2 71=7A9 g5 7ol & 4 doy, o]z Qg v F-FAl
A7l A5 Al Aol EuEw ik E3JL DEHP:
PPARs 3 284 AY® FaAgsto] HHYAY wHE 452
I 2 oty BaEw o
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Ado] A1L519ct. S4tol#, 9XiK(Panax ginseng C.A. Meyer)
2 3714 1 uo] yyog MA 9y U oA YRZAM,
51 L =ohz2Ao] MRS dE ZlozA” i
Zele ol S4ET ginsenosided] o] Eotx| L
N &2 ginsenoside® AJEHA ZHF o2 5§55 2 He A
oz FHAJLY. Aol WA 2A F At WA}
£ z3olo] FFAEA B3, 4, & Gk, & EF, F M 5
9] g-So] g3~ 9on? oleox 20 (R)-ginsenoside Rg2,
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'
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42 A5 4 Aot

oo ¥ A7t Ieigate] xAEUS o] gl DEHP Q&
£57] 54 299 #, /@A 24 O B adg wux
stglou], ol gis) vt WA AY, AL ¥, Y2
AR AY, WARNSKA Wl 454 Al|EstY Y #
Hg B3 587] 715 BoAEA RAEUY JaRS st
27} gk,
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e 29y

LAY 52 U AR

APEsE2 2h24to| (P71 =)oA 457 Sprague-Dawley7]
271 AR E 13 AIAZ H AF 120 £ 10.0 g9 AEfolA
Ago] Agsith AFSA REE 23£2°C, AOiEEE 015 %,
7] 3 103]/A3L, Aujr] 9A 9 2Y AIREE 12A13H8
(7:00~19:00), 2=+ 150~300 luxE SX|5t¥ct. APFAtE(E2 Ut
7 A&, Purina) ¥ E2 FE3] 33510 £ 58 Ao &
A9 25 AY IgF ARl Aty 58 A 9939 A
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MAS 82 FFS F2ot0] 2351 HHDIUARB2021-023).

2. A¥8A Crude-saponin ZA|

Crude-saponin2 KT&G(A-Z, TIHTIZ)o|lA A|zdto} Al
St zAbzUS A7) YA WA, 4 10 Kg2 oA B2 o
S 70 % MeOH 20a]ejo] @7} Aeoly 78 F&3tqct. o2 o]
gE FEE2 F5S9 f718UWE AAY C= Diaion
HP-20(Mitsubishi Kasei Chroma-tography 102]€]o] E1tA]71 o
24 AEUS SANAG. FNEA gL fAYW S84 FUE
2 384 W0YEZ 7S AAFoRA AAfGo, FAE A
o] fatoi 100 % WEre 402E2 85, HEsto] FAEY
2100 g)2 5310 A7 AT

NYE2e 29 7oklH 51EOR Lol & bukz Uy
2 mAstct. PYAERS A BE Al@Zo] DEHP 1000
mg/ke/bwg FTFE0l Sk UFY T YYUEZY Fu2o
L (.85 % salineS 0.2 mLA E7Eoslgon, A|P2A Eoj
e AlEY F&522 2474 10/20/40 mg/kg/b.wo| X/Z/19]
=22 0.85 % salined] 59 0.2 mLA E7 Foj5tgct. DEHP
9} ZAlZY H3) EoE 37 =9 AI8Pst S jsoflurane (JSK,
Korea)o2 &9 OIS & ¥, 7i8stol S HolA MIste
o, 7184 & 5871 7t W 25 E FHESIUT

gone 3
ethylenediaminetetraaceticacid tube
(EDTA tube, BD, USA)o] 271 & clinical and laboratory
standards Institute (CLSI, USA, 2017) 7|&o] w2} 6~83] ¢jo}
g2 2359t o] K= HEA7|(ADVIA 2120i, SIEMENS,
Germany)E 0] £35to] A3 2(Red blood cell, RBC), d2z=
Hl(hemoglobin, Hgb), d|0tE 3 3](hematocrit, HCT)S Zghst A
1 Rzet 4T 2(Platelet, PLT)E #A51%i0t
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o, 718A9 ¢t ¥He wER & SR 24 wE A
H2 AR el sAR ANE SdsAc AT 47 54
2 10% 34 Z2A] DT F P2 £RAA FAE AT 5
4R9 W0E ALgeol T T . 4w A2 AW oo
haematoxylin & eosin (H&E) M-S sto] 2] AN AALS

23819 aetolet gruEe 9a
scientific, USA)stct x£%]9] vty It
B7tet7] 9ol E&Au]73(BX43, Olympus co., Japan)o2 7
3}o] image ] program(Wayne rasband, National institutes of
health, bethesada, MD, USA)2 o]83] EA15}%ct.
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6. Wl xxI5}HIHC) QM

= 4 mo 24etolc2 ehmlatmsio] Antigen retrievalS
Microwaveo]A] 10¥ Z=9F P1002E 1& 30%, P30 =& 8& 30
22 1752 FQA 5 AAAA] Qoflx 2027 AF =AHR
2252 187 AJASH & PBSZ 387F 23] AJAlsHgict PBSZ 3
27t 28] A]A & Protein blocking reagent2 5% AL HIX|5}
9t} PBSZ 13] M|JA & Primary antibodyS &35t WAHLo]
5t2 of dol Wrh 2 Yxt: PBSE 387 28] AN & 27} @
AE Ao 1087 stk PBSE 38z 28 AN 3
Streptavidin peroxidaseE 1087t B%5}9ict. PBSZ 3871 13]
A S DAB mixture 1027l ¥X|5}9c}t. PBSZ 3871 23] AA
3 Hematoxylin GM-& 187t XI3§5t9ict. Tap water wash
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7. 71X H X N H(BALF) 3]

Van Hoecke! 59| Wo] wat &5 w2 dZA=E 7|UA|
92 B2 B2 7|#HE 531 =H(nsyte, BD)S AUstol
= gzYg 7|3TX|Hx2AA H(bronchoalveolar lavage fluid,

Jo 4z

BALF)}Z Aot

8. A=A cytokine &4

dA IL-5, IL-13, MUS5AC, CCR3, TARC: EndogenAl9]
Human ELISA kit& AMEsto] §4AHIHOZ EA513Ct well
4 standard 100 plet sampleg A7I5E & 37°CollA 2A17F £9t
HjoFg %1885t 00, Biotin-antibody(lx) 100 plE Z7}ste] 37
ColA 1A]17E =9 vz Qict. Wash Buffer(200 pl)E o] &3t
of A& & 7+ o] HRP-avidin(1x) 100 pl& goj& H, 37°Col
A 1NZ 59 Egsiic ol AR Masta, Wol A A
EfoflA] Z+ <o TMB Substrate 90 pl2 F7Ist §, 37°CollA
15-30% ot vjstgict. apxjatoz, 7k Ao stop solution 50
uls 91 E3AAHAZE ¥, Microplate Reader (Multiscan Go,
Thermo SCIENTIFIC, USA)Z o]&3}9 660nmo &4drz A

steict.

9. oJujx] 24 U FA Az

2 woisAslely ¥4 2aE ] el
Image ] AZEYo] (Wayne Rasband, National Institutes of
Health, Bethesada, MD, USA)Z ©o]&3}to] o]u]x] B8 23830
o Z& dolHy Hd + SDE BAEY, 2§ 1Y Aol:=
Ducan®| t+% HY] HIAEF AREsto] 2Asiict. =& AH 2
e PR BEORE Ueyx, ZF # 749] Xlo]E ducan’s
multiple range test2 AF2slo] p<0.05¢ o] EARoZ QoA
o] icta HAsHIt.

2

DEHP S0} cfu] 2 1—3—91 5, 712x 7] 8 mﬂé
= 0.42+0.03 g, 0.021£0.00 g&
oA 0.43+0.06 g, 0.04+0.04 g
o ¥, FALEY 252 Rod
7;1:}, Asdo]A 0.41+£0.02 g,
0.03+0.03 g, $5=wollA 0.45+0.12 g, 0.02+0.00 go.2 L}EJ(
G REINE AR Kiii $°44°ﬂ*1L ot 7|Bx BAQ ZA
= 4 AN, RAtRd A, F, AFEAA 7R F79 %.*i
£ WAY 5 AUTHFig. la, 1b).
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Fig. 1. Effects of crude-sarponin on organ weight in SD rats with
induced respiratory toxicity. Absolute organ weight of Right lung (a)
and Bronchus (b).

2. LRIEAAA] O]X] = FEF

DEHP Fojot ZAlRY &35 Folo g AIF €L 4%
Axo tx]e T2 F7tet7] Yol 529 AN AL 5,
flezayl, ouE3sy, 4 %#‘l% 451

RAE1o A Hshe A + 0.37 XIOG/HQ-‘—} H]
I A] DEHPE 9= Eofst 1 Z+435t9ct. ®3 DEHP9F =
AtRd Ro g v BYE O FeE Fo oA 7.64
0.50 X 10°/w0 &7tsH= ZAats YeRfIch

SRR £ B FEURL 154 £ 0.97 g/dLy} H]
I A] DEHPE ©& Fojgt oA {95t 7 iﬁ}%t}(p<0.05).
ZARY 15k FojFoN= 14.09 + 1.87 g/dL ZAste] {9
gt ZA3ats JER %I tHp<0.05).

FAm LR FATERLE 733.8 + 475.1 X103/103t ¥]m A]

H
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DEHPE Eojgt oA Z71st9ict $tH, RAIEUS Eojst #& BALF (b) Neutrophil © Kosinophil
WZSPe 1 £ EcZo|A 814.3 + 554.3 X10°/02 7 @) oo, o :
2% A7E YepflchTable 1). ' T
; 100 # " L A {_ '
H ¥ Y obe 2 10
Table.1. Effects of DEHP on red blood cell, hemoglobin, hematocrit Fa u . i% M ‘é‘
platelet changes in Respiratory toxicity induced SD rat & L i’f‘ Tl %
v ] A YY
RBC (x10%mm?®) Hb (g/dL) HCT (%)  PLT (x10°/mm’) o e * gy
NC 8561144 1683 230° 5031736 983.00£32280 copun - W B BT
DEHP 800+037  1546+0.72*° 47.66+2.09*° 1232.14+234.22
C-saponin L 7.71:053  1536+0.91*" 46.11+255* 1239.43+205.75 d) Macrophage ©) Lymphocyte
C-saponin M 8.13+0.71 15.26+2.02*°  47.74+321*° 1094.71+183.71
C-saponin H  7.64+0.50 14.09+1.87° 4393+2.08° 1228.57+139.72

Experimental groups : NC, normal control; DEHP, DEHP induced respiratory
toxicity with corn oil; C-saponin L, DEHP induced respiratory toxicity with 10
mg/kg, bw; C-saponin M, DEHP induced respiratory toxicity with 20 mg/kg, bw;
C-saponin H, DEHP induces respwatory toxicity with 40 mg/k bw. Values are
meanSD of 7 rats per group. RBC : red blood cell, Hb : hemoglobm HCT

hematocrit, PLT : platlet. Differenced between the five groups were validated bK
Duncan's multi-range test after analysis with one way ANOVA. Groups wit
different significance were classified by different letters. Values followed by the
same letter (ab) are not significantly different (p<0.05) by Duncan's multiple
range test. b<ab<a significantly different between each group.

3. #7184 g g3 UAE 9%

&E) @42 E3) FAGEZ oy
DEHP £0i2¢] 7 x4 Wz 7 5
Az} 3gol uglon BAPH 4 Azo] WREYUCH W,
AAEY D5E Sol2olN alveolad) FUE et Ao B2
3 AP Uehgon], d3Ane) AeE YotEt AL ¥ 2
99ickFig. 2. 9.

7\@x] Wato] ofs) Bere ©, JHTEZ ofé] DEHP Eof
oM 34 Z1BAIGel o3t HA et Y D Y8 AMo] et
gou], 37b8 goloz Ag /@Al ¥ utal Aol wasodh
o A7e AAEY BBE SolTolN Yt e B 4
99ickFig. 2. of).
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Fig. 2. Effects of Saponm on h|sto|og|ca| changes by Bronchus H E
staininig in Respiratory toxicity induced SD rat (x20). At the end of
experiment, Bronchus tissues were obtained, fixed 10% nuetral buffer
formalin (NBF) solution, paraffin embedded, sectioned at a thickness of 4
pm for cell observation and H&E for histopathological stain. Examination
of the optical microscope for x200. Notes on group designation at the
same as in Figure. 1. Data are shown as meantSD(n=7). The scale bar
length is 100um.

4. 71BAHE ARY 2N

H U & AE 5 RN FEURF dfjd] DEHP @5 Fof
9 ZAEY 33 £o Foi ZF FIM6IIC B, AR
Folgt ZolME RARGY] Fo| T2} Faste BFE
(Fig. 3a). DEHP £of A| FAH|xEZ dju] gjAlNzo] 7
2(21.71 + 13.45 %), AL £(11.57 + 5.88 %)°] &7

b Aste e QITHp<0.05). B, RALEUS £ojst9)
Z3, ZAL 5 24 A, &, 1 =Eo|A 2043 +
12.30 %, 12.71 + 7.59 %, 11.29 + 5.25 %, 557 + 2.23 %,
557 + 516 %, 471 + 6.70 %2 & oJ&EXoz ZtASIFO
o], SAE 9] F9 {ogt ¥ists YER QI ch(p<0.05)(Fig. 3b,
3c). JAIq|Z(Macrophage)= DEHP tj4] Atz A, &, I =

EojoA 6157 + 1557 %, 72.29 + 13.52 %, 76.14
1251 %2 =& o&xloz =7lstgon 8o|3Hp<0.05) Halrt
WHE|QItHFig. 3d). B3 49 739 ZAtz+ of¥] DEHP ©
5 Rojd ¥ ZARY Y3 FojFoAN F FIletct ¥,
ZAEUE Bojgt FoAME AR B0l ko nap ZAsHe
A& UE%tH(Fig. 3e).
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Fig. 3. Total and differential cell counts in bronchoalverolar lavage
fluid (BALF). Lung and BALF were harvested 24 h after the last ovalbumin
challenge. Total inflammatory cells (a), netrophils (b), eosinophils (c),
macrophage (d) and lymphocyte (e) number in BALF. Total and
differential cell count were performed on a minimum of 200 cells. Data
are expressed as the mean t SE (n=7). Differenced between the five
groups were validated by Duncan's multi-range test after analysis with
one way ANOVA. Groups with different significance were classified by
different letters. Values followed by the same letter (ab,c) are not
significantly different (p<0.05) by Duncan’s multiple range test. (b)
a<bc<b, (c) b<a, (d) b<c<bc<a significantly different between each
group. Normal control; DEHP, Di(2-ethylhexyl) phthalate; Crude-Saponin.

5. 454 AolEstel 57
1) MUCHAC, CCR3, IL-13, IL-5, TARC

DEHPS} ZAtmY Sofo] ojat W], 7oA xxe] A5 AE
o] OjX: d3S Hrlstr] Yokl MUCSAC, CCR3, QIE&71
13(interleukin-13, IL-13), 9QIg &7l 5(interleukin-5, IL-5),
TARCE 5743t A1}, IL-13, TARC 54 A|2E A5t §9Y4
o] WA AJTHP<0.05). MUCS5AC A= AAxF Tju] DEHPE
OE £olst oA 488.54 + 23093 pg/mL7t &715191,
DEHP & O8] 1% % RAIRYUS Fojst FoA 148.86 + 82.65
pg/mLE =22 Zt435t9ct. CCR3 X|= AAUIE+ thy] DEHP
= EojZojA 1.63 + 0.11 ng/mLE Z7}3tQ1, DEHP 2 of
4] 1%t ZALRUS £ojdt Fo|A 1.28+0.23 ng/mLE ZHAst
Aot IL-5 A& ZYUET Oiv] DEHPE ©= Fo§ oA
63.77 + 14.58 pg/mLZ2 Z7}5}¥ 11, DEHP + TiH] 1% ZAf

2SS Bost FoA 42.81 + 20.31 pg/mL2 Z+A35ITHTable

2). ®3, §oA o WAE|R] 99kA|gh, IL-13, TARC %A] DEHP
550X ZII6t o, RARY BEoA] sroENoz
Aste A AT £ AAHTable 2).

Table 2. Effects of Saponin on MUCSAC, CCR3, Interleukin-13, 5,
TARC changes in DEHP induced SD rat.
Group MUC5AC CCR3 IL-13 IL-5 TARC

N FMOBR2 ags0010 1702:254 HTOSHI0 452710041
peHp 48230 46300110 267202016 ST 465821796
C-saponin L 33235350 147200800 19172507 2030517 506821236
C-saponin M 220'3%’,%234' 160+020° 18174333 48-2;;—;18- 4375£1351
C-saponin H 148895826 498,003 19995213 281220 473341393

Notes on group designation at the same as in Table 1. Data are shown as
meantSD(n=7). Differenced between the five groups were validated by Duncan's
multi-range test after analysis with one way ANOVA. Groups with different
significance were classified "by different letters. Values followed by the same
letter (ab) are not significantly different (p<0.05) by Duncan’s multiple range
test. a<a,b<b significantly different between each group.

X=X x1%5 01?_ v__"oﬂl\‘l—] %F%HI%% 31.5¢4.0 %02 DEHP Tf
H gAY IHdEo] JosHA PFASHYTHp<0.05) (Fig. 4. 9).
MCP1 ZAA} Aat, JA thx3 tjy] DEHPES Eoist (47.6+1.4
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%)oI4 S7tstict. @, DEHP Sol2 tju] zAtzy
o PolN Zasts e UERIQTHFig. 4. of)).

3 Ask:

C-Saponin (mg/kg)

oxeLz
Ne DEHP 10 ] ]

cxcLz

mMce1

©F SR
T

Fig. 4. Effect of Saponin on histologic changes by CXCL-2, MCP-1
staining in bronchi of respiratory toxicity induced SD rats (x20). Notes
on group designation at the same as in Table 1. Data are shown as
mean+SE(n=7). The scale bar length is 100um. Differenced between the
five groups were validated by Duncan's multi-range test after analysis
with one way ANOVA. Groups with different significance were classified
by different letters. Values followed by the same letter (ab,c) are not
significantly different (p<0.05) by Duncan's multiple range test.
a<b,c<c<b significantly different between each group.
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