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Anti-inflammatory and Anti-cancer Effects of Agricultural Produce Grown with
Organic Germanium-enriched Water

Myeong-Seon Lee*

Department of Biomedical Science, Cheongju University

Abstract

The study was conducted to identify the anti-inflammatory and anti-cancer effects in sprouts of mouse-eyed bean
(Rhynchosia nulubilis), ginseng (Panax ginseng), perilla (Perilla frutescens), broccoli (Brassica oleracea var. italica), and
lettuce (Lactuca sativa) grown with organic germanium concentrate. Western blot analysis was performed to assess the anti-
inflammatory activity of the extract. All extracts exhibited noticeable anti-oxidant activity, indicating a significant correlation
between the germanium content and anti-oxidant activity (p<0.05). In particular, rat-eyed bean sprouts with the highest
germanium content showed significant anti-inflammatory activity (p<0.05) by significantly inhibiting the expression of the
inflammatory complexes, NLRP3, cytokines IL-1p and caspase-1. Ginseng and broccoli sprouts showed strong anti-cancer
properties and had high anti-oxidant effects (p<0.001). Germanium-concentrated water allows the mass production of
agricultural products containing high concentrations of organic germanium. Agricultural produce grown with germanium
concentrate add organic germanium to various physiological active ingredients, increasing the anti-oxidant and anti-cancer
effects. These results strongly suggest that agricultural products containing high germanium concentrations can be used as

novel health supplements to improve health.
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Covid-190.2 <913t gm0z AN A7} o|A71A] A& s}
A Fek A2 T AR [ASEEA B HsE 4
3L Aok o]y gk Al7]e Folunt A7Fe] el HAAE
A 2y da A7RAIE Qe ekt 2 akekabgo
225 Aol tist A7t Bol &=L Qi

AZvkge AgH oz A7), itsl, ddEd 5
a7t e AR UHA gkow, A=Zvlge o8y
Fo] A LER AL 19309 Zepsel Au|el F73%
1 Lourdese] AE©o] g3l &= AZvkE ARl 4
H| 23k o8] 7px)9] AW XFol| F a3} vk ¥EA|
A FEf o]t} AlZnkE(Germanium dioxide, GeO,)S ¥4
715 Ge, 9APS 32, AR 72,61, M5 7-8%0 ol Wb
TA 4= 1886 HU o] 3182} Clemen Winkler’} 3%

= 9SG, ADANE FAE, §F, 94 S 2Eso]

nom, AgHoRE= AR, 58FE, A, AE Y
Fopol|A F-85247 857 Arh(Lee et al. 2004). AHA
Aol B2 slaL e A2k kA, A4, dEYo} T3t
At 771 AZvked @i A e 7] AZE0t
FOoE RS F itk f7] AZvkgele 7] AZrkeS
'AFE HIA A F7] AZrHR(Wei 1992)°] AL,
W QG vl B AEAVE B F) AErES F
Fate] AAo A7l A<D F71AI2vHE(Chang & Oh
2005)7F L¥EolA w3k Ge-1322 Egsle] oF 100 o529
35kt f7] AlZvkEe] U TthSugiya et al. 1986). F71
AZPHT] GeOr= 7] H-8A] RIE, A% 757l <5
Foll, AR E 55 F(ijima et al. 1990; Obra et al.
1991)3t= ¥ 7] AlZvhEe &5 & ZH(Ikemoto
1996), &=<AMo] a7 (Mochizuki & Kada 1982; Jang et
al. 1991), Y 733}2-8-(Suzuki et al. 1986)3} wlo]2 2~ 7+
e A5 A87HAso et al. 1985), 1L 21528 (Suzuki &
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Taguchi 1983), 5% Hl&E%8(Lee & Chung 1991) ¥
%A S7HHo et al. 1990) 52| thksl ok 225 71
3 e Al wERh 53] AES FHEAU= f771
A Zrkr-e Ao 2HRekA 3 oFE2he-S 3] wjio
HA {71 A=rkr FHIQl AFoR HF sk Aol Al
B} QEA ST Gerber & Leonard 1997). 2% A2
71 AZrrS $Hshe 7154 S /s 9
to] F7] AlZnhgS HEE ARt Auigh muE](Lee
et al. 2008), Bi(Seo et al. 2010) 5= o]-&3AN L, HAL]
AZvhs AAFAZrHT % 183 ppb)et w5¢ Al=n}
T AZ2vks &3 51.8pph)E PlvkE], AF 55 Al
319 THLee 2016).

AT SR A o A3 255 e A4
sl 7ot} she BHoR o]} 7)7)E ARS-Sh
o A3 A2nky F5TE AFAZrR 5 1,683
ppm)3taL, o] FFTE thF FAste] Aigh FAREEIA
AZnkre] g 43 85 B4 Fo2H Ak {7
AZvkE $F FAE] 99 ¢ I3
Y2 BRAF AR /gstara) st
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1. A 20t S=5 &

FEE 100 Lol <%= 99.9999%2] AZrlE 1kgs ¥ol
0|23} 7|7]<Figure 1>l 4% 10€ &<t A7l &
HoZ AZrhr F55E AZsIsith

2. HE20kz =701 2t Sth2 Ml R A= =]

A3 FZ23PH oA Fio]F(Mouse-eyed bean), Q14F
(Ginseng) XSk, E71| (Perilla) A3, B 22| (Broccoli) Sk,
2 (Lettuce) A OHS 22-25°C, 5% 60-70%0141 10 ppm<]
AZrhg 572 10897 734N & As AxA 7 § &
3t B Ay WolA 70% ethanol FE3510] A|EE F

Bl skt

“

3. 71|§|:| I"E" skl 2

Azrks 55 ARt Al sqkee] HxEde
=712 LATL QFete] A=vhe FFES B
A3tk FEel T (A)IA 210.9 ppm, 1AHAIEKB) ©
A1 92.6 ppm, S7] AEHC)IA 12.5 ppm, HEZ2] AH2HD)
oA 822 ppm, A5 AZHE) ol 11.7 ppme] AlZwhgo]
717} AEHAT<Table 1>.

4. N|=Z HjeF

A NS, PC3E A e dolA, tialAl
©] Raw264.7& &= M| EFL3)(KCLB; seoul, Korea)ol
B e AL AR AgA A ESF, PC-3=

>

<Figure 1> lonization equipment for making germanium enriched
water.

<Table 1> Ge (Germanium) contents of each agricultural product

Products (dry powder) Ge (ppm)
(A) Mouse-eyed bean sprout 210.9
(B) Ginseng sprout 92.6
(C) Perilla sprout 12.5
(D) Broccoli sprout 82.2
(E) Lettuce sprout 11.7

RPMI-1640, Raw264.7-> DMEM&HIA|o| 10% fetal bovine
serum (FBS)3} 100 units/mL2] Penicillin-streptomycin (GIBCO,
Grand Island, NY, USA)S o] 37°CY] 5% 71904
et

5. MTT assay

PC-3AZEE 3x10°708 AlojA] 100 mm culture dishell ¥
3L FEo] FHE(A), 1 ANRKB), E70 AIZHC), R
ABHD), 3 AMEHE) F2E 242} 0, 0.1, 1.0, 5.0, 10.0,
20.0 pg/ule] F=E A F 96 welllx] MTTEH
(0.5%, 3-(4,5-dimethyl thiazol-2-yl)-2,5diphenyl-2H-tetrazoli
um bromide )= Z} wellol] 20 uL¥ 93, 37°C, 5%
CO, incubator®ll 4] 4A]7F 53t v F3FA T 2,000 rpmell A
10 &<+ 94 Egste] dSdE AAS tha, 7} welld
Dimethyl sulfoxide (DMSO)E- 150 uL &7} sl 30% &
QF Hksl & ELISA readers ARE-31d 540 nme] 45
Akt

6. eHiist 2 =4
DPPH radical &7 €/Jol] AM8-¥l DPPH (1,1-Diphenyl-
2-icrylhydrazyl)¢} DMSO (Dime thyl sulfoxide)= Sigma



o] FA3sA Tt DPPHE (0.1 mM, ethanol)2 900 uL,
DMSOE 50 uL, 7} 7] % 355 50 s H7hste] A
20| A 2082 EF WFSAIZ] T ethanoldl] o3l A7l EoE
2 10,000xollA 57 &1 AAlEElsted AAS & spectro-
photometerZ 3 517 nmolA $2=ZS =% 3slo] DPPH
radical 227 &4 15T

7. Western blot analysis

Raw264.7 MEZE 1*E67I|A HloJA] TC-dishell Hal 244
Zh vkt So zF A AIFE 100 pg/mL¥ 2487F &
oF 22|31t} RIPA lysis buffers ©]-&3slo] T &
g & BCA assay= F3stal F&3 T 7} 20 pug¥
wellll loading3}l®] runninggt ¥ nitrocellulose membrane
o transferstATh. 1% BCAZ 15%7F Blockingdt the
membrane®] NLRP3, IL1-B, B-actin 12} A (1:1,000)E
3L 4°CoA overnight 3FATE 2%} @A (anti-rabbit)s 14|
Mgt AEg & LAS-40000.2 WES #238)3, Image-J

Z W=9] intensityS 7315

8. EHIXME|

e AP 33 W Algsisinh 2
o4 AR e SAEA2 ANOVA (one way analysis
of varience test)Z A3}, Duncan’s multiple range test
Z o] &3l p<0.05Y AL feoldAor AU
(SPSSV12, SPSS Inc, Chicago, IL, USA).
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1. A 20ks &7 stt2e eitst Eot
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o2 A% AF B AF ASAR NdstaA; she AT

So] &3] A= o] YtHKim et al. 2003; Kim et al.
2006; Jeong 2008). £3] A& 22] 71%5A]el thek #Alo)
ZS7FIAA ARl Aol TSt AHRko] Z718laL, o8 Ew
thFeAl S71eka Jrh(Kim et al. 2013).

DPPH radical &2752 2 d4tsl &4 43 A3 &
AHE A, B, C, D, E % 10 mg/mLe] FEoA thzwd)
H|sle] {21492 DPPH radicalS 427131312 (p<0.05),
we FrolM g 2ol2 BAUA T 100 mg/mLe] H=o
ME 27t 87.6%+0.45, 89.5%+033, 81.3%+1.67, 85.1%+0.98,
79.6%+2.012] DPPH 2782 Uehlo] o aalsl 3h4
S RIS A AR AlZekE Tl duldoz vt
So= B 50 mg/mLe] FE (52.7%+1.05)E] Bl
Z #2 DPPH £7%& YehAth<Figure 3>. 100 mg/
mLollA 2218 DPPHAZ 5 B, A, D, C, E A2 49
T BF 22 TS Hon, o)yet tsl 4L o
AHoz AENN HEE AZvkgel gl vdsA
ARk FREE AT Fleol FuE, E71 A A AR
N E AZukgo] BAZEUL, A4 A= 0.2 ppm,
H232] AfRM= 0.1 ppme] AlZrkgo] HEHNoH,
o5 oA FEEZ Aplgh et S A% ksl &
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<Figure 2> DPPH radical scavenging activity of extract in ethanol of (A) mouse-eyed bean sprout, (B) ginseng sprout, (C) perilla sprout, (D)
broccoli sprout, (E) lettuce sprout containg germanium. Statistical analysis was performed using the Duncan’s multiple range test.

*p<0.05, **p<0.01, ***p<0.001 compared with control
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<Figure 3> The inhibitory effect of (A) mouse-eyed bean sprout, (B) ginseng sprout, (C) perilla sprout, (D) broccoli sprout, (E) lettuce sprout
containg germanium on the growth of human prostate cancer cell line, PC-3 after 24 hr of incubation at 37°C. Statistical analysis
was performed using the Duncan’s multiple range test. *p<0.05, **p<0.01, ***p <0.001 compared with control

HA= AZvkg 552 A A3 vjws A3 Al=Zvks
Fhafo] =& 23(12.5 ppm)t S70 AR (11.7 ppm)e] FAF
st 37} 100 mg/mLe] F=oA 38 o] =2 AS el
gk u} gl

Kim et al. 2013y E2F2] A% Auje] FA3} 4
3 7tz WE HEEe) JUi 2 ks g4 E
o] ZEHS HIEITHKim et al. 2013).

oA} 7+e ZAzbe mRo], Qo] B0l ofo] BT
T2 5AHE0)R| 0t AlZnkgsg Aujet FAREo] Bfalar
AE IFE f7] AZvkse datslzte-g e43) A7)
= =S FE 783 A @ Foz Alsdh

ox, ot

td

2. MM AMEF(PC-3)0IM HZ20ks &7 SttE2] M=Z

o4
o} e WA Aee 1 BRE Amals] 9% of

= % At ATt AA=ERE feEdE A olv] &
& AAd=S2 ARl s sk E8EA U

(Clardy & Walsh 2004; . Newman & Cragg 2012). 31§
T AzrkEE FHrela e =] ¢ 2S @le)
7] flete] Abke] AEA AR =91 PC-390] Fiee] It
=(A), A4 AEB), =71 AZHC), B2EE] AED), 5
AEHE) FE2=S 0, 0.1, 1.0, 5.0, 10.0, 20.0 pg/pl F==
2A3F Fofalo] AEe] AYES BASAG AR AT
R ol o)t} Axe] o] AAF AEYom,
o]Zel|A] B3] BE 10 pg/ule] AEEolA 24417 Fed319
< W 100% ME Abde] 535 YERHSIAL, D 20 pg/ul

o] FxollA A ES S 100% AAISt] FHe It
A4S 1 oJFEITHp<0.001)<Figure 2>,

A= o] A (Lee 2016)014 HA AZvkg A5
(Ge: 183 ppb)s} o5 &5¢ F55(Ge: 51.8 ppb)E ©1&
st AlZ2nkES TSl e B Auist mye]e}
o] AlZrkr S B4, ARk gl e A
2 a3s A A3 AA A=Zrky YAFE Apet
1)Uk (7.96 ppb), 45+(5.6 ppb)EThs F2FE Auigk viut
2](99.8 ppb), 45(76.9 ppb)2] AlZrkE o] o =A
ERkar, kst Bl St &3t A AlZwkg kel vlFst
o TEEHOR FA vERt S BHargk vb 9l

o] A (Lee 2016)014 AF3E AZrksreE YUY T%
7F wol tgEFe] AlZrhr £E FEY T e ofEee] A
RO}, ofH AFA] ARSSE AlZrET = ook ] o]
23} 71718 AMES 2L W oR IEke] AZvgs
£ AZFsl=dl(Ge: 1,683 ppm) 38t AAZ FAHE A
vl Fash B ko] AZnkgrE A 4 A =HA
th £ AN E Les AZ2rETE 5SS 10 ppm
2 3|5t FrHES Aulst A, o) Barst Al=ZnkE
S SARERT 1$ 28 FE AlZnkEe] AE HJX
<Table 1>, Al2vhgo] BWol AZH A= A, B, D, C, E
Ao gtdo] =A YeRd A= B, D, A, C, EZ A
Znpge] kol HlEsiAlE 82 202 et

Kim et al. 2004y AZ2vkE &4 24 A7t &
ARE-ate] Aufgh Fube Ffo] Ayt FufEol Hlste] 919t
Alxe] B A a3E A8 JERHI S (Kim et al.
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<Figure 4> Western blot analysis of NLRP3 inflammasome components NLRP3, ASC, IL-1 and caspase-1 protein expressions in germanium-
containing plant products A-E. [A]: Semiquantitative immunoblots reacted with anti-NLRP3, ASC, IL-1B and Caspase-1 antibodies.
[B]:Corresponding densitometric analyses of protein expression levels of NLRP3, ASC, IL-18 and Caspase-1. CON, control; A,
mouse-eyed bean (Rhynchosia nulubilis) sprout; B, Ginseng (Panax ginseng) sprout; C, perilla (Perilla rutescens) sprout; D, broc-
coli (Brassica oleracea var. italica) sprout; E, lettuce (Lactuca sativa) *p<0.05, **p<0.01 compared with control.

2004), ol# g AL AZntES HEst] 7714, dietary
fiber, vitamin C, phenolics <] ¢Jg] 7154 &4 229
shgol dnt FuhEo] Hlste =7] WE2E (Kim et al.
2002) Al EITH Y. B sk

Hur et al. 2020y 10 &<+ 543 )

HIG AEF) Aglsids W 7HE =2 3 24
AL, S 7o) AL Sl rlX= G
b Az NKAZ &4 2pol& Yepliglorn o]2gh zjo]
© SAEE T P fraAdw st w55
Aolg B Zlog oot

2 AT AFolA ﬂle‘j}wo] 7P 8ol g Hodle F
wo| FuEol Hlate] 14h AR HEZE] AjRte] A
o= ¢ =& zﬂ-fﬂ—%}d S HOl AL -1 e F
2] Aol Solsle Aol AlZrkgol tlaiAHA deread
X7 A ARl HstE Qg Zle s FH 5]
, 5 olof] tigh gAISE A7 o Z o= ALSET

o x

5

o

i) rulo

G5 W2 WS FHISk= Priminget AAIZ G35o] 21
Y= Triggering®] 27HA] FAF o2 P HT}, Triggering
o] Ad F838k 542 H553A (inflamma somes)©]
g4 3lo]th(Lamkanfi & Dixit 2014; Man et al. 2017). &
SEFAS PRRs o 954 A=l Aot e o
A B3AZ NLRP1, NLRP3, NLRP6, NLRP13 ALC
NLRC4Z AIM29} Caspase 4. 5. 112 TA =0
(Lamkanfi & Dixit 2014; Broz & Dixit 2016; Ding &

Shao 2017; Man et al. 2017; Yi 2017; Mathur et al.
2018). o]H St HSHFAES H5AS ¢ HAske] Wby
8210] H& dF vh-S 243t A7Ied, deEdAe &
Ashe Al HEs FAsHL @54 AEARI pyroptosis
E F83 FA9 Caspase-19] 7IE3IE 53 &3} &
Caspase-1°l] 2]gt H357d cytokines® 2 ¥& %1 IL1-B, IL-
182] A<} EH|E X3t (Man et al. 2017; Shi et al.
2017).

2 AFeE dF5E3HAel NLRP3, ASCS} caspase-1,
caspase-19] 2]s+ €54 cytokine IL1-B] Al Zu] 2
S B3t AErse g3kl = B4 AL B, C, D, E
o] FAFIHE AT NLRP3= W&ol vlsle] FHw
o] Fu=(A)F 3 ARB), BEZE] D)l T
oAlE BRI, ASCIAME Q1A A By B2 A%
(D)e] iz Hlszgh FFollA] B = S eH, IL-1plixle
Fwol FEA)T A4 AA(B), caspase-19141= Firol
F=(A)R] A HHE 7P Bol dAlsks AeE
ERtH(p<0.05)<Figure 4>. 5714 APTFolA Fleol Fvt
E(A)R2 BE g5iAlA w2 ddeS 2o 7 A
uth AERESl Hofsle A WS AolE Eo]
AL ohegst 75%9} ol Y BES 7 e FA
ol I3 #HE Ay EAe] 23R 747
3-S5 Hol7] TIH'E‘ELE A=, 7+ A2rkr g ik
oA AlZrkg o] e A a2l deixe d5Hd
A gk B} 712 AgrF H Qs
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= AT 0|23 77E ARt A AlEvkE w5
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#at Brge] 4% FEa2 ol vlste] Ay Al
F3Q1 PC-300 - 4 E RS BAATH(p<0.001). ©]
FANE 53] AZokrel o] AU Be Fol FuHE
© PZEYA NLRP3S} cytokinei2Afe] WA 745 o
Ao ZA 7 2L Y FAL HAFUTHp<0.01).
N2 Azrbs T FAHE AN RS ) A2k
< H]E(Lee et al. 2008; Seo et al. 2010)E AR&-3}ALY,
Azvhy ¢4 B2-g H7ket B8 ARS(Kim et al. 2002,
Kim et al. 2004)3F321, 2 AFelX= Ao SgS A
S e At B, oI djef i 2e)
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