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ABSTRACT

Background: Fermentation of medicinal plants increases their absorption rate and bioavailability
in the body. Astragalus membranaceus has been used as a raw material, but research in its use as a
food ingredient is lacking. Therefore, the purpose of this study was to identify the physicochemical
characteristics and anti-inflammatory effect of fermented Astragalus membranaceus.

Methods and Results: Astragalus roots were fermented using Aspergillus awamori for 4 days and
their extracts prepared using hot water. The pH, total acidity (%), and reducing sugar (%) of the
extracts were then investigated. The pH and total acidity decreased during fermentation. After fer-
mentation, the pH and total acidity decreased, whereas the reducing sugar level increased. The
active ingredients in fermented Astragalus were calycosin-7-O-8d-glucoside, ononin, calycosin
and formononetin. The calycosin contents was highest in the hot-water extracted samples fer-
mented for 4 days. The other components were similar to those in control. Nitric oxide level was
lower in the hot-water extracted samples fermented for 4 days than in lipopolysaccharide control
group. The sample fermented for 4 days was confirmed to inhibit the production of tumor necrosis
factor-a and interleukin-1p.

Conclusions: Our results showed the physicochemical properties and anti-inflammatory effects of
A. membranaceus after fermentation using Aspergillus awamori. These results indicated that fer-
mented Astragalus membranaceus can be used as a functional food.

Key Words: Astragalus membranaceus (Fisch.) Bunge, Aspergillus awamori, Anti-inflammatory,
Cytokine, Fermentation

M A s lom ghEole S5, AdE SR Aujet g

HRE T2 AMgt e v WA, AEAS 2R,

8+7] [Astragali Radix; Astragalus membranaceus (Fisch.) I, A 28, AR o2, 7P, dsbdst
Bungel= 7 (Leguminosae)dll &38l= thadAl ZE2&E0] g, FEF, FHd 2 JaEY 59 ool B HE 3

HopE e Fe FIE Ais) ARAA AgUn  ohEd 540 g} skl ] 4831 g0z Akg

(Lee et al., 2011). oFAlo}, 5=+ 9, olZe]7} Aol B
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al, 2019). ehioX= 71059, AANRE, 717" 5
o2 AWl Ut (Im er al, 2010).

3l7)e] F2 AE-S polysaccharide, saponin, isoflavoniod,
oAk} n)F AR o]Fofx] oM jsoflavoniod AlFol=
calycosin-7-6-p-D-glucoside, ononin, formononetin, calycosin
$o) o] ek ol Fel2g-2 dlo] W

gl

HIZ O
}é‘ﬂ'_‘at‘

73 FaEAE 5o 237 Utk (Choi et al., 2019). F71
9] calycosin-7-6-B-D-glucoside Ji-2 E7] FHEH Fdlo

Al 7] F23de] B¥Ed M-S A 23 ERle)
of FHEY TR A8A 2AEA S-S BTt (Su e
al., 2016). Calycosin®} formononetine & T3}, s}
a3 2 BEaI7F Y (Im et al, 2010; Kim et al,
2013).

Aspergillus awamori7} 3531HA THESJUIE B-glucosidase
oF 7+ " g4t grlol BluiEA FEE EAskal A
£ isoflavonoidsE MG A FHE|Z HF3t} (Jang et al.,
2016a). PIA=Cl o8l AL 2o o] A, S
Z, ofu|=At SEle| = Fo] ARAL 2R EaE] AW &
TFEo| FoAaL, wE HAAAM A EH] T 4B
Jxjo] AAo]&Eo] THAIA A7|s DAEA L] &8 71|
7} AT} (Song et al., 2018; Yang et al., 2007).

Nitric oxide (NO)= L-arginines 7= Z nitric oxide
synthase (NOS)ll <J3] A=, T E4ol= endothelial
(eNOS), neuronal (nNOS), cytokine inducible (iNOS)Z Al
71 Fej7t ATk (Kradin et al., 2005). NOE Ehs 22
sk JEE ol FEWHe MYukEelA] oyt Al
Rz HES] =0z olale] Tk AAEL: a3 2l
A We] el sl 548 7 AAE BEg} (Yang
et al., 2007).

Cytokine> HASAMEE0] Aikslk= viZiEd F9] sz 9o
S WAT-S -3} (Jin et al, 2017). HIEHOE
tumor necrosis factor (TNF)-a, interleukin (IL)-1p2} IL-6°]
t}. o] ¥ TNF-a = E433std dlaAZolA 2 dizF A4t
=™ lipopolysaccharide (LPS)Z A= 79 Aiteo]l o &
olZlt}. TNF-08] S7= 4, % 52 4ol g v

[e]
&

H=z

T,

[<3Ke)

o7} WA EHe] FA, 47 BETF A9 thE FFAHEE
ASIAA 27 £ SIAZIY (Tak et al, 2014). E

IL-6, IL-10 7 & Afo|E7IR1S] B oR B 5 &4
sPAIZIth= Ba7F Stk (Seo e al, 2013; Tak et al,
2014). IL-1p= AHollA] vi-¢- @& FE=2 AX Aot 3
e FAlBkE 9ES AR A5HRSl Sair= i A
AbElo] F4ES ISR (Tak er al., 2014).

wepa] B A7 Aspergillus awamoriz 3715 WA S}
of vugA] el calycosin-7-B-glucopyranosideE WG 3
EfQl calycosin, formononetin® 2 Agslo] S-S S7MAA
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S SHEHA DA EHA S Aspergillis
awamori N60247 & #-Fito}l ALE-3IATE +2] HES H)
A Z= potato dextrose agar (PDA, Difco Laboratories Inc.,
Detroit, MI, USA) ¥iX]& ARE-3ted, 30ColA 5 U7+ 3t
Hl e oS HELeZ AMESIAY. 87 [dstragalus
membranaceus (Fisch) Bunge]&= S5 A4 3@ =2 &
AN Fle] $EAEH Al AAGY kg AR ol

A 8]l F ARSI

2. ¥ HX

5 AxAPYS o Aok AL B2 2 3] -3 3] Ao
Eol 2 AIZF B & B w715 | A7 Sl IS v
Aot 2FHE 35T -40CE 23 & Aspergillis awamori=
HEskdth 30C 229 wjY7] (VS-1203PFHLN, Vision
Scientific Co., Ltd., Daejeon, Korea)°ll ¥}j3}iTh.

HieF 20 AIZF 1 & HRTIE skl oAl 5 AIRE i
% 2 2 FR7IE Skl vhA] 15 AlZE wiFetiTt. Aspergillis
awamoriz &3t AZES FES 7270 50C=E 24 A)7F
Azxe & 7|2 skt

3. 5 Y 2 WG 2| Mx

7] BelE st do "ol dol sPEst7] (Vision
Scientific Co., Ltd., Daejeon, Korea)ol4 121C, 15 & ¥
A O, Aspergillis awamoriE HEI T2 1% &3
3 & 30C 2%¢] vi7] (VS-1203PFHLN, Vision Scientific
Co., Ltd., Daejeon, Korea)llX] 4 & LEAFL 4 4 B
ey )]s 80C A5 7] (deep freezer, ilsin
BioBase Co., Ltd., Yangju, Korea)ollX] 24 A|7F TAAIZ] &
FAAZX7] (freeze dryer, ilsin BioBase Co., Ltd., Yangju,

Korea)ollX] 72 A7F SAAZRAZ] AL FE2E2] AEE AME

4. FE= MNX

A 71x3 0y )5 o8l I FEES AXSA
th g5 FEEY Axe vhadt 2ol AAsl 72 AR 5
goll 85C ¥4 100ml & &3 3 ultrasonication (Power

Sonic 420, 50/60 HZ, 700W Hwashin Co., Ltd., Seoul,
Korea) = 1 AlZF 4 2 3] M 333 § Whatman No. 2
AAAE o]gete] A &, oS 200 mé = 7§}

g



o] rotary vacuum evaporator (BUCHI Labortehnik AG,
Flawil, Switzerland)Z o]&3}e] 50C o|3lollA] 733t
5, olE & F& &ujE fallole] & Y] A48 MR

= A,

5. p-glucosidase &d =3

HE}FEIAITA| (B-glucosidase) BAS =4 317] 9l5le]
1 mM p-nitrophenol-B-D-glucoside (PNPG) 0.5 m¢ & 37Ce]

A5 B7F Cge 3 a4 50 uLE H7FsITE 37CHA

5 oAt
10 27F 9k2A)71 TS 200 mM Na,CO; 89 1 ml & 7}38f
o] W25 AXAIZ F 410 nmoA] EFEE EA st FE)

¥ p-nitrophenolS 7 F3FATE B-glucosidase &/ PNPG
oA 37C, 1 ¥ &<t 1 nmol®] p-nitrophenots TH=+= <
7FE 1 unite 2 1o the Ao o8 aASAS F3}

At

01!

50 1
10 (1

AOD 1

0184 10

].55
x

EI—}H =
J(Ulg db) = 3

)

=z o~=

ANRF 2 g& AFTt] 8 ml o] SFRTE
3,000 rpmellA] 15 #7F Q4EE] 3fe
pH meter (HM-30P, DKK-TOA, Tokyo,

FYU3 AIEE 3,000 rpmel|
AlZH 0.1 ol 0.9 o] =5
} % 0.1 N NaOHZ pH 83°] =
gl ‘Eﬁﬂ}ﬂ 24 0} ‘3} 7ol AH]E NaOH &H]#E-2 o]
4310 acetic acid EF (%)oZ FAlste] A4 FRFS A

Sfirh. 48e 3 5 wisjel 2 Fagom et

7. 2 54

292 DNS (dinitrosalicylic acid)¥ (Lee et al., 2009)
of Wt AR 2 g3 st 8 ml 9]
kel & 3,000 rpmellA] 15 B7F LAE PRl R
5 % DNS reagent | m(S 7}sle] 15 7 £ o}, Wzt
st & FFT 3 S H7FSFd microplate reader (Biotek
Syergy Mx, Biotek Instruments, Winooski, VT, USA)E ©]
&310] 546 o) Pl FYES STt

T AT glucoses EFEHE ARSI O, BFEIA
oeRE e} FJHS BESUCh

=zaZ~=

THTE 7kl ¢4

Blo] A=l

8. Calycosin-7-#-glucopyranoside, calycosin, formononetin,
et

87 FE2E AEEAS HPLC (Waters 2998,

ononin
g

s|-7| XX‘:'0| OI§|—%I—X-I EA-I_E[- %o dg
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Waters, Miliford, MA, USA)E ©|-&3lo] EA3AT F&2&
Aol AHAEEXNS 935t 02 um PVDF membrane filter
(Waters, Miliford, MA, USA)E E3A71 & BEAAIEE A
zxapion wra 879 AJEEAS 98k HPLC 4=
2 columne ACQUITY HPLC BEH C18 (1.7 gm, 2.1 mm
x 50 mm), 71Z7]E PDA (photodiode array) detectorS ©]-&
stRom T2 250 nm 2 g3t ARSSIATE 52 0.5
ml/mino| ¥, o]F4S Sul A (02% acetic acidS $Hroh
water)2} 81 B (100% acetonitril) 7]1&7] S8]2 sl A
A8ttt

R FA R Ao ﬁz_%g—g_ mg/ml 2 A Z3}aL
Al YEPd peak area®l
o] %3} peak area Ako]2]
’g3te] ALksict.

9. MIXZ ufQt

RAW264.7 (mouse macrophage cell line) A|¥= $H=1A|
X323 (Korean Cell Line Bank, Seoul, Korea)ollA %
Sto] ARS8, 10% heat inactivated fetal bovine serum
(FBS, GIBCO, Grand Island, NY, USA)3} 1% penicillin-
streptomycin solution (Welgene, Gyeongsan, Korea)©] X3}
% Dulbecco’s modified Eagle’s media (DMEM, Gibco,
Thermo Fisher Inc., Waltham, MA, USA) HjA|E A}-&-5}]
37C, CO 4 5% Z712] Incubatorol] A v 3lITh RAW264.7

A2 g Feka (T75 crﬁ)ow AEE w)Fsla, oF
80% ol EshH 2 AEE wlo] W & Ao Ap&St
At
10. MIXZ MEZ

Axz=d 542 RAW264.7 M2ZF (mouse macrophage

cell line)s ©]&3td 3-(4,5-dimethylthiazol-2-yl)-5(3-carboxy-
methonyphenol)-2-(4-sulfophenyl)-2H-tetrazolium (MTS) assay
g Fasgc

RAW264.7 A|ZE 2 x 10* cellsyml 2] TE=Z 96 well plate
o TFsted 24 AT wiFR Fol] FEES FEHE AT
TS, tetrazoliumS A71sle] 3 A7 wloF & 490 nm oA &
FEE ST AT 54 AuE NEE AR
izt 3 R |FEE A 2o HER ﬁ]*&o}ﬁ‘:‘r(Chm
et al., 2014).

=
a-=

hyA
i

1:[

Treated sample

x 100
Non-treated sample (CON)

Cell viability (%) =

11. ML 8

Nitric oxide (NO) A3/35-2 Griess assay WHEZ NO9| &



o2y -olcil - 4Lt

=5 =743t} Cell counter (Luna automated cell counter,
Logos Biosystems, Anyang, Korea)s ©]-83}%], RAW264.7
MEFE ZH313L, 96 well plated] 2 x 10* cells/mé 2] F%
2 EFEt] 24 AF wjFeE ol FEES FEEE A
th=, Lipopolysaccharide (2 pg/mb)g *&]sted 20 A7+ Bl
atich. Al g 100 L2t Griess Ak 100 U E E7}3

of A2olM 10 & & WAL F, 520 mollM FBE=S

243193 sodium nitrateZ XS ZHAJEH] NO $HkS
2319t} (Choi et al, 2014).

2 J

12. &Y cytokine 24

Cytokine®] A ZF RAW264.7 A EFZ o] &3}t
RAW264.7 A ZE 2 x 10* cells/ml 2] FE=Z 96 well platec]]
EFate] 24 A)7F vieket o] FEES FEEE A o
<, LPS 2 pg/mb & A2lste] 24 AJZF wjgsisiet. ojm 2
F5deE AER 3t B4 kitZE= IL-1B (abl00747,
Abcam, Cambridge, Engalnd), TNF-a. (ab100705, Abcam,
Cambridge, Engalnd)®] 555 #|2A1e] B4 Wwgde] wje}
2315,

13. SAXE

2 AP A= 3 3] vk AR AAE F WA £
AZ} (means + SD) 2 YERNSITE 72 A@ Al gt 5
|22 SPSS 25.0 program (Statistical Package for
Social Sciences, SPSS Inc., Chicago, IL, USA)S ©]|-&3}¢]

z3

X,

ANOVAE AA|$ ¥ Duncan’s Multiple Range Test
(DMRTH S ARGt 7} X237k o4 Aol A5
AT (p < 0.05).
2ot 9 o
1. 20| ¥g w3 MY
710 wgA Fel2 A3} JAE isoflavonoidsE B

3l & osf HujEA FHE Mgt (Jang et al,
2016a). BIHIEA] FEQ calycosin-7-B-glucopyranosideE W]
iG] calycosin, formononetin® 2 A33te] FaAE
o] e F7H71AAL SiATh

E AfoMe & Bl &4 5 f-glucosidase2] o] =
< #55 Addel] sl s B
niger, Aspergillus awamori, Aspergillus luchensis 3 T2
A4S HI/BIHA Table 19 YeMIIT Ad A
Aspergillus awamoriZt 117.5 U/g2 7 & &8
BRI e Aspergillus niger= 103.82 Ulg, Aspergillus
luchensis= 88.08 U/g®] 242 BIIth o] o] Aydlx=
Aspergillus awamoriz %715 daste] 2185t

Aspergillus

. b
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2

fo

2. 95 2D19| olalsd M Mgt

Aspergillus  awamoriZ 0, 4 47+ a3t 7] (AF0,
AF4)] pH, A=, $HdTe] 54 A3= Table 29 ) &
F &71¢] pHe AF09} HISsst pH 5 2202 WPyt A<
e o2 Uett. Aspergillus sp. 2] A7 G2
HTH= pH 4-5 WY oA ZE p-glucosidase FA= o]}
2o 2 7P =A o] FoixItt (Jager er al, 2001,
Jang and Kim. 2010). AF== HE7F WA ashs A
S Hth AF0Q] A7) 427%= 7P¢ ke o] dkg
7h RIS EHA] 3.04%2 7431k o= HErt RIs A
F715ke] A7 AREe] WEEe] HaeA7lE e
2 AT (Jang et al., 2016b).

g grle] 3T dEke e A3 3g )
7¥ghol wiel i Aols BTl AF40lA T
910 mg/100gS-= 714 =A YEebe™ o= Aspergullus
awamori T°] B¥717F < o-amylaseE AJAJsk] 7] Wl

B
=
=
AEE

7o) =

gl

o) o
e

AR YRE Bofsle] ST ghdo] SV Aew AlRd

o} (Park ef al. 2009).

3. 25 2JI9 Flavonid
37] drgo] wE calycosin-7-B-glucopyranoside, ononin,
calycosin, formononetin 4 7F<] /g igt shEFHstE 4
3tRom, 71 A3E Table 39 YeERNSIT
Calycosin-7-B-glucopyranoside> AF0| 4] 45.79 mg/ml
ZHATL AF4NIME 293 mgml 02 71431901 calycosin

sl2F 15}

OO

Table 1. s-glucosidase activity of Aspergillus strains.
Activity (U/g)

103.82+1.06

117.50%1.772
88.08+5.99¢

Values are means = SD (n = 3). ‘Means with different superscript in
the same column are significantly different at p < 0.05 by Duncan’s
Multiple Range Test (DMRT).

Strain

Aspergillus niger
Aspergillus awamori
Aspergillus luchensis

Table 2. Changes in pH, total acidity and reducing sugar content
of fermented Aspergillus awamori.

Components
Samples i
P P Towlacdog  RoqurS T
AFQ" 5.77+0.01° 4.27+0.02° 100.21=+0.00"
AF4? 5.47+0.01° 3.04%0.01° 910.01+0.01?

VAFO; Astragalus membranaceus of hot water extracts. “AF4;
Astragalus membranaceus fermented Aspergillus awamori Values are
means * SD (n = 3). "Means with different superscript in the same
column are significantly different at p < 0.05 by Duncan’s Multiple
Range Test (DMRT).
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Table 3. The content of major isoflavonoids of Astragalus membranaceus fermented Aspergillus awamori.

Content (mg/100 g)

Samples : : : : -
Calycosin-7-O-Rd-glucoside Ononin Calycosin Formononetin

AFQ" 45.79%2.57° 5.84+0.00° 7.62+1.79" 3.97+0.04%

AF4? 2.93+0.55° 5.82+0.01¢ 12.39+0.45" 3.94%0.04%

VAFO0; Astragalus membranaceus of hot water extracts. ”AF4; Astragalus membranaceus fermented Aspergillus awamori Values are means =+ SD (n
= 3). "Means with different superscript in the same column are significantly different at p < 0.05 by Duncan’s Multiple Range Test (DMRT).

AN AF02 7.62 mgml, AF4olA4+= 12.39 mg/ml 2 ko]
Z715192™ ononin}t formononetin® W& A5 Ik}l

LR E

olggt A= Frle] Fol THE A FEiQ
calycosin-7-B-glucopyranoside’t & 3] &4l 2J3)] 35

HA v w2l calycosin® 2 HSEHA FHao] Z71819]
7] djEo g A=Y (Jang er al, 2016a), HIFA| FHHEE
AW Fret o] &5o] Astelo] itst, FAF,
o] ks A aE 7talr] ofH 7] wE
3 MPAE HRA R desl] A e85 =
ol &S TNE & Uth= B (Jang er al,
Aste] & o 2g )= wigA Feje] 4w

ol =

9
=

HOo =7 Hgho] o]Fox] Wasx] e Fr|H} ¢ ¥ A
S Yeld & IS Zow vgdEn
4. NIXZ MZ=R0]| Tfst 245t

RAW264.7 AlEo| that NE =4S Hrlsl] 98 3]
G FEES sHE AP 3 3, AE AHEE SR g

2 vlaste] AlE AEE (%) SF35ITh

AF49)] H]3] AF0S 250 pg/mlollr] A|EEAo] BFE|Qe
o 125 pg/mb olake] FEAME 93% ool AEES UE
WAom, AF4E 250 pg/ml oA 100% o] AESS W
ATt (Fig. 1).

5. MRRAIA MMl Ot sk

Nitric oxide (NO)y= LPSl| <J3l &4dsl=
H|E= 542 oA Al AFSIESE-2 DNA, T
EAS &AA &, A8843
o}, AR NO2| A 2l
A WellA thFer Hwhe-2
(Lee et al, 2011; Kim ef al, 2014).

RAW264.7 A|ZoA &g 7] g
NO A5S 37t ¢t 43 7] 5258 RAW264.7 Al
AEgt & LPSE 95g st 43 LPS At} vl
Ae W AES FETF =SS NO A Fe] A 7

)

2 A A

=

M AL 1o e

Ol

FEEo) e Fu

o

ol
-

s +

=
[¢)
1 FEs =Y

o

TETF EOHFE NO A o]
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mAFD AF4
Ny _
AU
B B B B
L T
-1 b == c &= T T
100 B
)
o~ on L
— ally
=
o el r
m
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i U
]
M L
LU
n
250 125 6250 3125 1563

concentration (ug/ml)

Fig. 1. Effects of water extracts from Astragalus membranaceus
fermented Aspergillus awamori on the cell viability of
RAW264.7 cells. Results of three independent experiments
were averaged mean value of three independent
experiments (SD = bars), and are shown as percentage
cell viability compared with the viability of untreated
control cells. Values are means = SD (n = 3). "Means
with different superscript in the same column are
significantly different at p < 0.05 by Duncan’s Multiple
Range Test (DMRT). AFO, Astragalus membranaceus of
hot water extracts treated RAW264.7 cell; AF4,
Astragalus membranaceus fermented Aspergillus awamori
treated RAW264.7 cell.

ATt (Fig. 2). ol¥d & A744= & o 7] 2 28 &
7] &5 BT AL oA a3y 53 Aog 3ely]
Art.
6. &Y AIEIIRl0] tHst A3t

RAW264.7 A|Z°| LPSE A 2]sto  pro-inflammatory

3o 9= ukge] Fre FeIsac). o
TNFo] o4 =2 glelr] 9latel
gl

cytokineS FH|SHA|
=3 S=-EE IL-1B,
7y B AHS

RAW264.7 A3 87] E4 FE2E5S T=HE X3
S o cytokine TS #HEAI A cytokine IL-1B,

TNF-05 ZRIBIATE AF0IA IL-1pE AlES] T=r}t B8
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160
140 e N AFO mAF4
120 |
=
= 100 |
[
3
x
(=}
=]
=
Z
20
0
LPS(Zpg/ml) _ + + + + +

Fig. 2. Nitric acid production of water extracts from Astragalus
membranaceus fermented Aspergillus awamori. Values
are means = SD (n = 3). "Means with different superscript
in the same column are significantly different at p < 0.05
by Duncan’s Multiple Range Test (DMRT). LPS; lipopoly-
saccharide (LPS, 2 pg/ml) treated RAW264.7 cell; A; AFO,
Astragalus membranaceus of hot water extracts treated
RAW264.7 cell; B; AF4, Astragalus membranaceus
fermented Aspergillus awamori treated RAW264.7 cell;
sample concentration was 15, 31, 62 and 125 ug/ml.

2 JAHAeH, AR E 15 pg/ml oA 7P 943 4
H5 Bvh ANkARl AES Haks W LPSE WA S
x=THTH AFOZF AF47} IL-1p A4S A8 AFoRTH
AF4ollA o Alge 18I0t TNF-a 452 B3 of
AF0Z} AF4 25 125 pg/mlollAl TNF-a] A4de] 713 oA
d S I8l (Fig. 3).

olglgt A¥E Folo] 7IE HYeR sk daAde T
2 Zol wlste] TNF-a9} IL-1B0] B2 A=
Rl 4 3o olgfdt olf= 5 e &
taspgdo] 719 X342l calycosin®] A&l F3F
n| 2 BAE calycosin®l] ©J3f AllEFIQ HIE A}
245 UL Als T

B ATFE FalA Aspergillus awamoriz TEs §7]9] o]
stetd EA 3 A FEAEQA  calycosin-7-B-glucopyranoside,
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Fig. 3. Anti inflammatory of water extracts from Astragalus
membranaceus fermented Aspergillus awamori. Values
are mean = SD (n = 3). "Means with different superscript
in the same column are significantly different at p < 0.05
by Duncan’s Multiple Range Test (DMRT). LPS; lipopoly-
saccharide (LPS, 2 pg/ml) treated RAW264.7 cell; AFO,
Astragalus membranaceus of hot water extracts treated
RAW264.7 cell; AF4, Astragalus membranaceus fermented
Aspergillus awamori treated RAW264.7 cell; A, IL-1B; B,
TNF-0; sample concentration was 15, 31, 62 and 125

pg/m.
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