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Toxicological safety evaluation on the flower of Citrus grandis var. Longanyou
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ABSTRACT: Objective To evaluate the toxicity on the flower of Citrus grandis var. Longanyou. Methods
Acute oral toxicity test, acterial revert mutation (Ames) test, mammalian erythrocyte micronucleus test, chromosome
aberration test of mammalian cells in vitro, 90 d oral toxicity test and teratogenicity test were conducted according to
the current national food safety standards. Statistical analysis was conducted. Results In the acute oral toxicity test,
there was no acute oral toxic effect on the flower of Citrus grandis var. Longanyou in SD rats and KM mice, and its
acute lethal dose 50 (LDs,) was greater than 10 g/(kg-BW), thus, the flower was classified as the actual non-toxic
level. No reverse-mutation of TAg7,, TAgg, TA199, TA1g2, TAi535 were induced by the flower of Citrus grandis var.
Longanyou. The results were negative in mammalian erythrocyte micronucleus test as well as chromosome aberration
test of mammalian cells in vitro. In the 90-day oral toxicity test, compared with the control group, the weight, food
intake, food utilization rate, hematology, blood biochemistry and histopathology of animals of all sexes in each dose

group did not manifest toxic effects. No observed adverse effect level (NOAEL) of the flower was 8 g/(kg:BW), and
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no teratogenic effect was observed. Conclusion The flower of Citrus grandis var. Longanyou is actually non-toxic.

Acute toxicity, genetic toxicity, teratogenicity and sub-chronic toxicity are negative under the conditions of these

experiments.

KEY WORDS: Citrus grandis var. Longanyou; pomelo flower; toxicology experiment; safety evaluation
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M—A~EE R 0 MR ZSEEA N EAE WY, T
(Citrus grandis var. Longanyou)Z&F e T M) & T & ik i
B —Affp, HAEE SR, BT, L5 =L+
S, XA BN FHARST D o AHFFE R BIANAE B S B2 R
ZIRCI RIS | BRI | BRI T, X,
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B AU BT &R T B

A2 1H 3T R 02 A PR TT AR 5 ORI AL A5 £ 0 45 Sl
FERFAMRR . (Al TRZFE . KB KEHHMA
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CHre b JFUR R it 5 22 FERE ) 2R, DIBAT R4
B RARME AR, e AT T St a D B
=B AAEERE . 90 d 2 1R RN ORI, LI
PG A e A PR AR HE
1 MR5RE%E
1.1 Zi4)

AR T L RRARE B0 A BR BT AE A w R A, b
LML FTRY G IR AR A
1.2 ZiXECH

PR 79 2 v B 2 R KR R A, Atk ma iR
55 IR 7L 30 ) 21 A0 AR 16 SR B R i VRV 7. 4
TR 11 52 58748 (Ames )il . ARSIk LA 240t e €00 AR g A0 1
FIECFA 0 K, AR IEAKIERE . 90 d &0 # kil
3R R
1.3 REIREEFEY

e E % JFAK B W) (specific pathogen free, SPF)Z% SD
KB KM NP B 25 R B 56 sh i b o) [ 7T
HE5:SCXK(JI1)2018-19, SPF i3 sh ¥y (d i T iE S
SYXK(J11)2016-043], AR 20~25 °C, XTI

il

40%~70%. kLR A DU BEARERE . D)1 AR EBE
RIS S 5T T RS T N R R R A R F, AR AR
YA S SCXK(J)11)2015-01 FIFRAIE(2019)03058, 7E
B 58 BURRE I TR IR RS

1.4 ApaFR

F ] b, BT 41 )it (Chinese hamster lung cell, CHL)H] |
WP YR A R Rl 4Rl
1.5 B %

TAg7a+ TAos TA1g0+ TA12+ TA 535 1 H 3 [E] MOLTOX
N, BEEEH
1.6 NESEZERF

AU-400 4= B 3hA: 4k 43 #r{% . OLYMPUSBH-2 % &
BE(H A AR E Wbkl 24h); XT-20001 %4 4 3h M40 43
Fr(H A SYSMEX #ExX234t); ACL TOP 4 H s il ¥ 43 Bt
(3¢ E BECKMAN COULTER %\ #)); URIT-180 JRWE 4 #7
. URIT-910A HaLfif J5t 53 A CHERRAL R 4 B2y 7 o 1A FR 2
F]); 73200 HLF R (3 U S 2 A FRA F).o

AWML (LI =99%) . 1,8- T FRFLBR (41 )F 96%) .
HFEER CHE>98%)(3EE Sigma AH]); SR IE
=99.0%, hFAIb=G)T); 2-&( A (L 99%, Fit:
Adamas Reagent AH]); 4-fiZEMEMR-N ALY (4 >97%,
5% FLUKA AG A )

1.7 WRIEHE
1.7.1 &M% oZHKXkE(REx)

Z M GB 15193.3—2014 ( B ML EEFHRE ats
OEEPERE ) 1R, SD KR, KM /MR 10 H, i
MRk, %10 g/(kg BW)—MRIEH ., g5 14 d WL
SR PRI ST, RS REFRE, MstshifE it
(RPNLN N
1.7.2 Ames iKI(FARIBNE)

2% GB 15193.4—2014 { &AL EZAnE 4w
BRI ) , HE B-Z5 8528 I L S A & 175 Al
K EUIT SO Fehmuf )y i il S9 IR A . IRIGE 5 Fhid bk
(WL 1.5 Hikk), #& 8. 40, 200, 1000, 5000 pg/M. 5 455

A SR GEIR /KO X BRZE . RAEBEXS R . — B BT RS
PRZE AN FAMEXT BRZE, 7E+S9 B 61 N ilkAT. B4 3

7o — SO FHMEXT HRH: TAgs, Al TAgg i 0.5 pg/ILAY 4-Fi§3E
MEMR-N-E AL, TA g0 Al TAs3s FH 1.5 ng/ILAY B R ALAN;
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TA 12 I 1.0 png/ME 2238853 C; +S9 FHM:XT IEY) TA 0o
50 pg/MLEY 1, 8 — ¥R LR, TA1535 JH 200 pg/IL i FRwE
Whfe, HLABMRII 20 ng/MLEy 2-Z 325 . BAPEXT BBy
FERFLR 0.1 mL,
1.7.3 s U304 L tm B AAZ R B

27 GB 15193.5-—2014( &M & Rl WAL
LANMIIAZIRSS ) |, K 50 HUMERERK R KM /NERBEBLSY N
54, PERI S ERSE, 2.5, 5.0, 10.0 g/kg:BW) 3 )
T, 3V RN RE e B X RE PR BERL: 40 mg/(kg-BW)],
fpbR 24 hVEE 1K, HOKGEE o 20 mL/(kg BW), HIKS
2555 30 hy 55 2 IR4AZH 6 h G AbsEshY, U B i
frhil . B2, Giemsa Jefa, FEIMBE T4 H3hPiEg 2000
AW Z YL 2T A il (polychromatic erythrocytes, PCE), i1%H:
FERU%AY PCE 30, HHIGAS H & A AN R (%0); WA 200
ASZL 4 MY (red blood cell, RBC) A g 22 YL 21 4 Jifd 1y L 151
(PCE/RBC).
1.7.4 ROl 5L gm it g Epknd 39K

7% GB 15193.23—2014¢ &l & FE bR e RS
LA Y o A AR G ), AR T A5, £S89 1% 1.25.
2.50. 5.00 mg/mL 3 ™54 20 Jz B GE A /K )Xo BERT B 4 %)
B -SO BHPEXT BE Ry 22 24 F5 3 C (0.5 pg/mL); +S9 PN IR
HEHEBEME(15 ug/mL). 4% 1x10°A~/mL % R4,
MG EE S5 T IRES . INAZ IR 3 h JEHEE3RK, W
Hanks VEVE% 31K, FEANA S mL 1640 55357, 35 %£ 24 h,
2520 h I AL GBI E N 1 ug/mL BOKAITE, 4 h )5 Bk
i, k% B2 5 Giemsa Yoo, XHEE—IFei7EMMEE
MEE 100 A4r2dsp WAL, (O SEmTAE A, TR 4N e
EARETAE (%)
1.7.5 90d £ v HHiXkE

$ie B GB 15193.13—2015 { & M & 2 E KhriE 90 K
Z MR ) K 80 K SD K RBENLY AL 4 4H, 41 20
H, MERER, R sE, A m ok, ki
2. 4. 8 g/(kg:BW) 3 A5l 4L RIFLAL AR BEZHL, FHEEAR
RIEST 90 do B AR L BIFE 10%11H5, KR
HHBEER 8% . A 5IFRE 2.0, 1.0, 0.5 kg 3Zik
Y, & 0.5, 025 LUK 0.125 kg THEE, 8kKInA
3 kg MR PR BERE, PRI TR R 17,5,
18.75.19.375 kg MIA Z A4k 20 kg, $EPRIR TGN TR %Y,
i 60 MRGT, HlAAREE AL 3 DRI EA TR, R
WGl 3 Wk WA S TR AR, RN S
B —RERB ., 170, PRI REAT 4 FaR
FREE 2k, Z/ARRIFRE 1Kk, ISR S 2, i
FgaEs, HEREYRARCEE 13 HRE 6 d). i
6 FF 8 BRI Z5 A, ko R A R i R 4 sh i kAT IR A
Kt RIGLE AR, TR E . SEaR . BawAA
e WEDNYIRE, KWNREH, SiPEE16h G, T

H PR 2 BRI R AL, 000 52 45 300 0 9~ 1t 2B AR AR A, A
YIS EE P IE RS, FREEEE AT SR, THEME A L, BO IR
Kl i 2 A& B A SWER B A o A e B T XS
SO AR o A AR L A T AL SR TR A
1.7.6  Ewrikie

% GB 15193.14—2015¢ &b & E 5 bl B
5 ) 5 MEIE SD K BRFE 1:2 Fext o K2 RBENLAY 4 41, 540
18 HPAE, I 1. 2. 4 g/(kg'BW) 3 PMHIEHMGEIE
AORAYEXTBE . TEAFURES 6~15 d, % K4k 20 mL/(kg- BW)%&
FIVE 5 e B AT URES 0 d B, Zh25MR140 3 dFRTE 1K,
ULRAETE B R RSS20 d BREE . BRI A sh ks Ak 56
S, BUBTE, B S EIRE TEIRE. JERREL. TRk
FRECRIE AR, P EEEREE. ISIRE. EE .
FE, WERREE, ZMRERRAIME, —L5HE R
JHIC A i ER Y v T 7 ) R A, AR R B2 TR 4
B . gefa . BGRAE .
1.8 BB

FH SPSS 16.0 344347 WL S0 £1 4t M i A% o e 1ok
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H * K, Bonferroni 35 EFE KB /K MG UEA TP HLEX .
90 d 2 IR A BRI B STy 25 SR,
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Dunnett’s T3 VEIEATF I FL4K o 43 2500 O K6 30 s Bk Al
e, KK IE 0=0.05,
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FIRE AT R & ARS8, TUiE, X
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T £ 21 P - 3 TR A B B R M e s R R BR A 2 45 BV e
CAMTEARRED | 2 B ik R A Bl 5878
2.3 IO MR RIRIR IS

PH M X R 20 e SR O BR A A OAZ Al S Ay G
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Fig.1
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Effects on body weight per week by the flower of Citrus grandis var. Longanyou in SD rats (n=10)
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Fig.2 Effects on weight gain per week by the flower of Citrus grandis var. Longanyou in SD rats (n=10)
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18.9542.39
19.0741.90
19.07+1.74
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12.58+1.84
12.83+1.29

a8 g/(kg'BW)

BRI A%

u4 g/(kg:BW)

10)
/g
2474.5+£30.1
2442.5+86.9
2473.1£113.6
2478.0+£27.8
1797.2466.1
1715.3+£38.7*
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1784.8+80.8

Hx AL, P<0.01,
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BHEE. SRMFIRRNIMmE(X £S)
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22324325
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Fig.4 Effects on food availability per week by the flower of Citrus grandis var. Longanyou in SD rats (n
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Table 1 Effects on total food intake, total weight gain, and total food availability by the flower of Citrus grandis var.

H: B I3 A 6d; + K

82 g/(kg'BW)
FE/[g/(kg- BW)]
HAH EE, P<0.05,
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2.5.5 fgAnitst SD KR ik 6 B0k

5% IR, MM SD R RUIGRI A Im A FE A& =
FXFHR[(174.9+7.8) mmol/L vs (164.1+6.4) mmol/L, P<0.05].
AV F0) S22 0 5 7R 2 A 21 200 i B 0 (0.5040.02 . 0.49+
0.02 vs 0.47+0.02, P<0.05), {HAMELEIFI G- R, HEH:
SD KA . 1 79 i 4L b 43 B A e S ) 43 S T
(4.9£1.0)F1(5.8+2.0) (P<0.05), Aok, ZAEFREANRIM:SIHIS
R IIA RG22 57(P>0.05),
25.6 RZAA SD R ARMF AR 670

AN TR] e SR 790 4 2L o 3 B ik 38 o ke R L
(5.59£0.54) mmol/L vs (5.07+0.36) mmol/L, M f: (5.66+
0.57) mmol/L vs (5.04+0.41) mmol/L, P<0.05]; M BLI%H
2 pH IR T4 18 (6.35+0.41 vs 7.15+0.53, P<0.05), MHfE UK .
WL A A I 3 AN T IR [(144.93+2.19) mmol/L |
(144.68+1.11) mmol/L . (143.97+1.49) mmol/L vs (147.04
+1.32) mmol/L, P<0.05], HAFIRIA NG 27257
2.5.7 KM SD KRR B & 1k 8 7

EXT AL, HEME SD oK R o S 2 Bk R R AL
FEI[(118.98+12.52) U/L vs (94.63£14.08) U/L, P<0.05], ELi3
B 2H B IK[(7.8340.84) mmol/L vs (9.52+1.23) mmol/L,
P<0.05]; HfE B &5 70 o 21 B AR [(57.4243.73) g/L vs
(62.55+5.12) g/L, P<0.05], Wi B AR5 5 2H 45 B A Sl W50 v
[(190.40+52.09) U/L vs (140.54+33.03) U/L, P<0.05], M FUI%
1) 2t 2EL 0 1 791 S 2 ) IS RAIR X R (7.9040.57) mmol/L
(7.92+0.89) mmol/L vs (9.57+1.34) mmol/L, P<0.05], {HICH

RN KRR, HATRR G225
2.5.8 fmAhitsat SD K R ARAR L 69 %00

EXTRRAIAH L, 3 SR e SD R RIS
JFRE . BIHRE, B IR E . MIAK . S23Ek
PRE)E , SEILEEE) AL . DI E . DR AR Y
TGitER.
259 REFHED

AR A R A 45 SR 2% B A5 AL B P I 34 A DL B i 5
o MIRA KNSR, EE . B, B, =
B, =, B, 4. B, S50, 008 . OIE,
B EAR . BRAR . HURAR . MORR . RO .
WL RS MR ATSIMR . TR AR SR A Y
TR UL A A I 2% 5 A2 DG B R S P R R
2.6 HEHARE
KA et SD - R E 69 7ok
e 2 Ar%, SxTEAAAMLL, 3 A4 SD R4
PSR  REME, AEREENLRITEER
(P>0.05).
2,62 KEAhitst SD K RAEHRLE 5 6%

3 WA T SAUNYNITIRES S . B b4l
Jif & R T X IR ZH (P<0.05), & 74 SD KUK
PR FEE RS . WOl . FERRE. FEERLAE.
BT PR E K RT3 S K S5 M A RS
Z5(P>0.05), WWIRFFENG 53] WLIE Sa F1E 5b,

2.6.1

£2 LRI SD ZRAZHIFM(X £8)
Table 2 Effects on body weight by the flower of Citrus grandis var. Longanyou in SD pregnant rats ( X %S)
) YRR KK d ‘ \
FHE/[g/(kg BW)] 2 AU R ERE/g KRB /g

0 6 20

0 16 277.1+24.7 322.2+£26.4 455.6+39.1 133.4+23.3 46.6+22.3

1 16 270.5£12.0 317.8+11.5 433.2441.0 115.4+41.2 39.2+£20.8

2 16 280.5+24 .4 324.9+26.5 446.8+32.7 121.8+26.5 45.9£12.5

4 17 277.4+21.1 319.3£20.9 444.1+52.8 124.8+39.3 43.6+£22.5

£3 AT SD ZRITIRE BB X £5)
Table 3 Effects on pregnancy outcomes by the flower of Citrus grandis var. Longanyou in SD pregnant rats (Y £S)

FEMy CER AR ERE STHEnE WU JEREL BERE iR BN RIPEY R

(kg'BW)] /R /R /R /R /R /R /R /R MEH/g hEE/g HK/em
0 20 16 203 13+4 5 0 13+3 23+5 86.7£20.7  4.5+0.6 4.1+£0.2
1 20 16 173 11+£5 5 0 11+5 22+4 76.1£33.0  4.6+0.7 4.1+£0.2
2 21 16 178 11+£5 12% 0 12+4 24+4 75.9£30.2  4.4+0.3 4.0+0.1
4 20 17 201 12+4 7 4 13£5 2444 81.1£26.6  4.4+0.7 4.0+0.2

T *FoR G IR #, P < 0.05,
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mk 4 FroR, AR 3 4500 2 BT IR
SD KA BIRRAT 347 & AL B St (B Se)Fb s & & A
4= 5d), 1 7 20 AMIG ) B 4 45 & 2B 1 BB 2 9 B S
H(E 5e). XFXTHRAAFN 1. 2. 4 g/(kg: BW)FIHE L0 203,
173, 178, 201 RiGHLIK 106, 89, 93, 105 Rk
SEAT T AL T F1 A JUE R T A6 25, AH g 20 551 v 45 2 DL
Mo fez . AR BRI . TCHR . JFRdE . AR SRS
WLEFIE DL A 22475k . 5 ==k . SR . Bk
RGN IERTIE o

3 Fi5iie

VA e AR R B 2 A, A AR Sl B 2 A i
BRI BT T R0 . 45 R W e 2l E A R R
RUNR AR RIS Ed | sttt E
W, J8 S PR R S, LDs>10 g/(kg'BW), NOAEL>
8 g/(kg'BW)o HA SCHRH i A DL AIE 1) 7 B2 A MR 5
HRIE, A Ao 12 AV IC BT VR R Al A B e Atk i
(TR . AbAE R PRI R 1T . B8 R L Al R AR AL
7 FLXT AN DR 2 A BEAE A B AR RS, AR = 46

W25 SR 2 B e e fh AL FP Al B2 17 5 8 (84.5~94.1 mg/g),
SD KA, MY LDsy >16 g/(kg-BW), ELHEE 13 &
F16 1~ A NOAEL ¥k T 1.25 g/(kg-BW)!'E 1 Luag R o,
T 2R Z T LDse>5 g/(kg-BW); 28 AN R 3 4>
A6 4~ A i NOAEL ¥ kT 0.5 g/(kg: BW)2Y, 25 |, A,
LS REE B CTORER . AR 5T, e eliiE o
Pk X — S50 BT R 6 144 4 B FH AT 2 A F Bt
B2k dE

x4 LWL SD XKERKRFEBLEHNZM
Table 4 Effects on skeletal development by the flower of Citrus
grandis var. Longanyou in SD pregnant rats

il /[g/ (kg BW)]

g g

0 1 2 4

R e 5 B0 16 16 16 16

SRS B A EUA 97 84 85 96

T e R A= A 6 4 3 6

Py B R AN G R AU 4 1 3 2
BRSO AR 0 2 0 1

BT B R B 5 5 4 5

T #ik3m a J9WIUG; b AFENG; ¢ B Bbt; d I E KT A, ¢ IREE S .
s om0 o oUL A B Y 5 A Uk 45 R AL AR I TR

Fig.5 Abnormal pregnancy outcomes and skeletal deformities observed in teratogenicity test
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