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A Flow Cytometrical Analysis of the Antitumor and Immunostimulatory Effects
of LCT-CT, a Cold-water Extract Prepared from Rice Grasshopper
Oxya japonica japonica Thunberg

Kyeong-Soo Chung” and Bit Na Kim
College of Pharmacy, Chungnam National University, Daejon 305-764, Korea

Abstract — Water extracts of rice grasshopper (Oxya japonica japonica Thurnberg) were prepared and their antitumor and
immunostimulatory activities were investigated using a flow cytometer. When LCT-CT was i injected into ICR mice at the
dose of 33.3 mg/kg before and after the implantation of 4x10° cells/mouse of sarcoma 180 tumor cells, it inhibited the
growth of the tumor cells by 96.6%, showed lymphoblstogenic activities on the splenic lymphocytes and increased the
expression of CD25 molecules on the splenic T lymphocytes. When co-cultured with the splenic lymphocytes of a BALB/
¢ mouse, LCT-CT showed strong immunostimulatory activities at the concentration of 25~100 ug/m/ by significantly

increasing lymphoblasts ratio and CD25 expression.
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Fig. 1 — Rice grasshoppers Oxya japonica japonica Thunberg used in the study. Panel A shows the dried rice grasshoppers from North Korea,
and Panels B and C, respectively, shows the freeze-dried and the hot-air-dried rice grasshoppers from China.
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Fig. 2 - Typical dot plots and histograms showing gates and
markers. Panel A: a FSC/SSC dot plot showing the gate 1
to encompass lymphocytes. Panel B: a FSC/FL3 dot plot
showing the gate 2 which includes the FL3™ viable cells.
Panel C: a FSC histogram showing the marker M1 which is
set for the lymphoblasts with larger FSC values. Panel D:
a FL1 histogram showing the marker which is set for the
CD25* lymphocytes.
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Table I - Several water extracts prepared from the rice grasshoppers Oxya japonica japonica Thunberg

. extraction” purification
preparation - - % - -
temperature shaking time ethanol precipitation dialysis®
LCT-CT? 20°C 180 rpm 3hr no no
LCT-50° 50°C 180 rpm 3hr no no
LCT-80 80°C frequent swirling 2 hr no no
LCT-110 110°C no 15hr no no
LCT-110Pf 110°C no 1.5 hr yes (1:1) no
LCT-FD# 20°C 180 rpm 3hr no yes
LCT-HD" 20°C 180 rpm 3hr no yes

a: Dried rice grasshoppers were pulverized using a household homogenizer (KitchenAid BCG1110B0) and extracted with distilled
water at different temperatures for 1.5 to 3 hours with or without shaking. After extraction the water extract was separated by
centrifugation at 15,000 rpm at 4°C for 15 min.

b: The water extract was mixed with the same volume of 95% ethanol to precipitate the protein-polysaccharide fraction, and the
precipitate was separated by centrifugation at 15,000 rpm at 4°C for 30 min.

c: The water extract was put into a cellulose dialysis tubing (Sigma-Aldrich, D9527, molecular cut off: 14,000) and dialyzed against
distilled water overnight with frequent changing of distilled water.

d: LCT-CT is a cold-water extract prepared from rice grasshoppers. LCT stands for locust, and CT stands for cold-water total extract.

e: The numbers stands for the temperature of the water used for extraction of rice grasshoppers.

f: P stands for precipitation. The protein-polysaccharide fraction was precipitated by mixing the hot water extract with the same
volume of 95% ethanol.

g: LCT-FD is a cold-water extract prepared from freeze-dried ('FD') rice grasshoppers by the same procedure which was used for
preparation of LCT-CT.

h: LCT-HD is a cold-water extract prepared from hot-air-dried (HD') rice grasshoppers by the same procedure which was used for
preparation of LCT-CT.

ICR OFA 520 0|Al8t sarcoma 180 M|=0i| CHst & PEC's)E FITC-conjugated rat anti-mouse CD45 monoclonal
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(% tumor inhibition ratio)©] W =% <17 (life span elongation) WO R A AR itk 2 me| e Al ok

3k AT F ) el TRE SE HOITE S oF TRl 39t e BYS ATl I H3A AnE 9

E FAE o o] el AL, o] GHE SeAlE 7)E 2w} Qe
9] 1x10° cells/mouse?] 40%2) 4x10° cells/mouse® 33 £ A+t A3} Table Iol YERH vke} 22o] LCT-CTE= ICR v
on glojal 4 Fof HES FHEN] B 3eE AE S £ 0] E7ro]| 0|23} sarcoma 1802] Z21S ¢ EHHow

S ME A= A=k B A (peritoneal exudate cells, oIA|5F] 96.6%2] =2 AA|&(% inhibition ratioys E.SITh.

Table II - Antitumor activities of LCT-CT®, a cold water extract of rice grasshoppers O. japonica japonica, against sarcoma 180 tumor cells in

ICR mice”
. body weight spleen sarcoma 180 cells® PEC*
stimulant n - TN
® weight (mg) SI¢ number of cells % inhibition number of cells FSC#
- 6  452+34"  169+31 - 8746.7+1127.0 - 41115+910.9 2445297
LCTCT 5 33.6+217" 378+59.6~ 178 301.4+96.6"" 96.6 3403.5+993.8 268.3+1.1"

a: LCT-CT is a cold-water extract prepared from rice grasshoppers. LCT stands for locust, and CT stands for cold-water total extract.

b: The mice were ip injected with LCT-CT at a dose of 33.3 mg/kg once daily for five days (days 0, 2, 4, 5 and 6) and sarcoma 180
cells (4x10° cells/mouse) were ip implanted on day 3.

c: The cells in the peritoneum were washed out on day 7 and then immunofluorescence-stained with FITC-conjugated anti-mouse
CD45 mAb to distinguish the peritoneal exudate cells (PECs) from sarcoma 180 cells. The number of sarcoma 180 cells (FL1™ cells)
and PEC's (FL1" cells) were counted for 20 sec using a FACScalibur flow cytometer at the flow rate of 35 p//min.

d: The FL1% cells were counted as PECs as described above.

e: SI (stimulatory index)=Ty/Cy, where Cy and Ty, respectively, stands for the number of the PEC of the control group and the
treated group.

f: % inhibition={(Cy-Ty)/Cyx} %100, where Cy and Ty, respectively, stands for the number of sarcoma 180 cells of the control group
and the treated group.

g: FSC is a flow cytometrical parameter which is directly co-related with cell diameter.

h: each data stands for mean=S.D.

**: significant at p<0.01, ***: significant at p<0.001.
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Table III - Immunostimulatory effect of LCT-CT?, a cold water
extract of rice grasshoppers O. japonica japonica, in the
ICR mice intraperitoneally implanted with 4x10°

3k ]

[eRn= p =

ol A1 A7 s 2 AR 2 29 9%
H sarcoma 180 tumor cells/mouse”

o Friehs we} Y Bal g BYS
ATAL) A WHS A4S 1 P9}

R} SAEH ) splenic lymphocytes lymphoblasts
0123} 4= 918 Ao|t}, A LCT-CT T3] 27 891 M stimulant FSC SI° % M1 SI
(PECY’} 571l FSC gk& Hehd 21& LCT-CTVF ©l5 PECE - 4 3233x88 - - o l4D9x3d -
23t AF7) wiEo 2 Sjas 4 9le Aol LCT-CT 4 395.0+517" 122 4832x276"" 341

a: LCT-CT is a cold water extract prepared from rice grasshoppers
as discribed in the text. "LCT" and "CT", respectively, stands for

sarcoma 180 &MZE 0J|Alst ICR OFRANIAMS] oidsky "locust" and "cold-water total extract."
b: LCT-CT was #p injected at a dose of 33.3 mg/kg once daily for
kel el wizwt LCT-CT Fol & F-491= 4= five days (days 0, 2, 4, 5 and 6) and sarcoma 180 tumor cells were
S AAslo] 1 vAEES G Gaste] BA8E A} Table ip implanted on day 3. The mice were sacrificed on day 7 and
- then the splenic lymphocytes were immunofluorescence-stained
Ilel] veRd ke o] LCT-CT7} 8% lymphocyte®] FSC #k& with FITC-conjugated rat anti-mouse CD25 monoclonal antibody

X ES 1A T and analyzed with a flow cytometer as described in the text.

323388014 395.0+51% 57Hp<0.00)AIZ L lymphobiast c: SI (stimulatory index)=Ty/Cy, where Cy and Ty, respectively,
B]E(% ML= 3.48] S7MA 17 stands for the mean values of FSC of the splenic lymphocytes of

the control mice and the treated mice.

|._«,_ Z=3Vak ZZ =]
A ojetet A TR W ) = 5 LCT- d: An arbitrary marker M1 was set on a FSC histogram to
CT= A3 Wed gA)S AU g)on o]dst v i) S0) include the lymphoblasts with higher FSC values.

ol FI1E 71 Aog 248 5= 9le Aot} :LE]_L #*%: significant at p<0.001.
OE?OW A olefdt A= wvl] & FEE] EIE

nelFt H2e] ol w5 LCTCT 5 M%7 £ In vivo e 8 % ME 95 5%
el Y9 wio] Do) oI U F5 A o)Fel IR oMvae] 991 8ol o) ] & $EE LOT
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Table IV - In vitro immunostimulatory effects® of the cold water extracts of rice grasshoppers O. japonica japonica on the splenic lymphocytes
of BALB/c mice

- CD25°
stimulant concentration % viability” % lymphoblast®

(ug/mi) 0 y o vmp mean fluorescence 1 % CD25*

- - 83.33+2.44 25.87+2.60 104.67+33.23 23.23+1.20
Con A° 10 63.27+4.29" 43.33+8.00" 540.33+4.51" 76.83+11.09°
100 95.70+0.61" 49.50+0.36" 296.67+1747 65.67=1.68

LCT-CTf 50 94.33+0.59" 44.80+0.61" 254.67+32.62" 57.73+5.35
25 93.17+0.83" 45.90+1.31" 203.00+30.34" 57.13+1.23"
100 93.67+1.29" 38.77+0.85 186.67+16.17 49.33x119
LCT-FD* 50 93.15+0.21" 36.65+0.21" 185.00+1.41" 46.40+0.42""
25 95.53+0.72" 38.17+1.07" 189.33+22.81" 48.13+0.98"
100 89.27+1.97 4850+3.44 " 262.67+37.22" 59.23+2.06
LCT-HD" 50 70.30+1.45° 44.97+2.00"" 242.33+47.90° 55.80+2.27
25 88.50+1.35° 41.47+3.20" 183.67+28.59" 49.33+0.51""

a: Splenic leukocytes were co-cultured with the stimulants for 48 hours and then immunofluorescence-stained with FITC-conjugated rat
anti-mouse CD25 monoclonal antibody and analyzed with a flow cytometer as described in the text.

b: % viability was analyzed flow cytometrically as follows. The cells satisfying gate 1, which is set in a FSC/SSC dot plot to encompass
all the leukocytes but to exclude erythrocytes as well as cell debris, were depicted into a FSC/FL3 dot plot and then the percentage of
the FL3 (propidium iodide)-negative cells was calculated as % viability.

c. The viable cells were depicted into a FSC histogram and a marker M1 was set to include the cells with higher FSC values and the
percentage of the cells was taken as % lymphoblasts.

d: The splenic lymphocytes were immunofluorescence-stained with FITC-conjugated rat anti-mouse CD25 monoclonal antibody and
analyzed with a flow cytometer.

e: Con A stands for concanabalin A.

f: LCT-CT, a cold-water extract prepared from rice grasshoppers. "LCT" and "CT", respectively, stands for "locust" and "cold-water total
extract."

g & h: LCT-FD and LCT-HD, respectively, prepared from the freeze-dried and the hot-air-dried rice grasshoppers imported from China.

*: significant at p<0.05, **: significant at p<0.01, ***: significant at p<0.001.
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Fig. 4. —a FSC/SSC dot plots showing the typical results of protective effects of LCT-CT, a cold-water extract prepared from rice grasshoppers
O. japonica japonica, on the in vitro cultured splenic lymphocytes of a BALB/c mouse. The splenic lymphocytes were co-cultured with
the stimulants for 48 hours and then analyzed using a flow cytometer. Panel A: a typical result of the control. Panel B: a typical result
of the lymphocytes co-cultured with 100 ng/m/ of LCT-CT. Panel C: a typical result of the lymphocytes co-cultured with 10 ug/m/ of

concanabalin A.
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st 3ok a3 58 A B O R ERISKITT
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< &43A1A FSC %3 lymphoblast B] &S 7 A L T
lymphocyte 433} %321 CD25(IL-2 receptor alpha chain) &
7] WS S7IZeH, v wdgte] AEES dAH &
77T

A LCT-CT= ICR vF9-2oflA] sarcoma 180 SIAES] 2]
S FA3] k(S A4S 96.6%), lymphoblast Bl&% 571X
7e 5 I WY 531 UIsii)

b HeEr] & FEES I WY S 242 sfst

=
7] Sl Z1R) ATE Sk Holt,

o] Q2] A= 20124 Fyfeleta Sl Agow
Joll ZRrEUT), a8 o Aol e B3 o}
7)|A] oke- AR} 0]33-L 3} o] ¢-FolA|
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