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ABSTRACT

Objectives: The present study was performed to obtain acute toxicity information on glyoxal in male rats after
intratracheal instillation.

Methods: In order to calculate the LDsy of glyoxal using Probit analysis with SAS, the test article was one
intratracheal instillation to male Sprague-Dawley rats at dose levels of 0, 225, 451 or 902 mg/kg. During the
test period, mortality, clinical signs, and body and organ weights were examined. At the end of the 14-day
observation period, all animals were sacrificed and complete gross postmortem and histopathological
examinations were performed.

Results: Four animals of the 902 mg/kg group died within one week after the administration of glyoxal. All
treatment group in a dose dependent manner, decreased body weight was found during the study period. The
absolute and relative lung weight, and histopathological changes (bronchiolar-alveolar hyperplasia, chronic
inflammation) of lung exhibited an increased in glyoxal treated groups in a dose dependent manner. However,
there were no changes on the organ weights and histopathological changes of any other organ except lung.
Conclusions: The results obtained in the present study suggest that the LDsp in male Sprague-Dawley rats
after a single intratracheal instillation of glyoxal was considered to be 866.9 mg/kg and the lung was found to
be the target organ for glyoxal.

Key words: acute toxicity, glyoxal, intratracheal instillation, LDso, pulmonary toxicity
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7 HE(Sprague-Dawley)0M 224 (glyoxal)el H3| 71z F00] T2 S SHAR7E 509

< 77184 9EE AREEI oH AR, Fol, Hd
E 15 A 5 ZFEor} ABAR = AREEH
AiAtele] A, AE, HE 9 AR ARl ddE s
=LA &8o| 75kl Qlon AH[ARe] ARSI
718 Ao oAtHET ESH FE2ARS o] 85 AlE
o] Eoldo] wzt S8&A0 EEHe ZEAY] £k
Z71e A0 dAEHLY

SYEAE A3} w7 |7tAR R sk d7] 5
Zi2ed sRRhEe F83% FES st glow
(Grosjean, 1984), Ho & Yu (2002)9] 9++Zx}of w}t
29 HAHFAL A9 =ZH(Clear Water Bay,
Kowloon, Hon Kong) t7|E 24A17F 59t 245 2
3} o]& A]ZK01:00~05:00)8] S&j&4 A vE=
1.2 pg/m? Bl W&ol F713t AI7H09:00~
13:0009] SESA H1 FEE o%F 9.9 pg/m’E A
2 v 717kt SE A AddS et HE itk
S AL HdRoA dAEE EA9 ked F 600
mg2] Z2]&4o] AAEH(McDonald et al., 2000),
G2 RY v FEjEAo] & s (Moree-Testa
& Saint-Jalm, 1981), 28|42 T-204 AES X
2] Al 2 AsAESKglucose autoxidation)of] 2JaH
A= A=K Shangari & O'Brien, 2004). o]&gt tf
et ARE Foto] A SIS AP F R AL
oA =& 2 7FsAdol =

SHAFAQP A5 (Korea Occupational Safety
and Health Agency)ollA Al&slal = EZPAREA
A= (Material Safety Data Sheet, MSDS)ol| w=H
SEYSAE o & =3 g EVAY of Gkg Al =
A=, 3571 A= 9 5840 2 7S wdtke
Ao dHA 9o, Takahashi et al.(1989)9] A+
Ao M SEEARS 2E Al oA ZHZHRI
=dHo] FERIAR HUEQ SPSA2 Alx &
A3t A o] Igolglycation)E YOoA FHFSHSHHE
(advanced glycation end products, AGEs)= A3/J3st
o=ZN ANEEAZE oPlste Zo=E HIEGC
(Singh et al., 2014), 28242 thizlo|L} DNAO]
EAE Fo] AT o Wi, 35 23 G
A T, d=stoln ¥ 9 oxlE i 42 417
E5d Agol 7199e 4= kil BaE|ltK(Shangari
et al.,, 2003; O'Brien et al., 2005).

ol dAqtdFo| WEY HE G4 FU=E vA
AFRHLCs0)2 2.44 mg/L (4A17), 299 &9 ¥hE &
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P=E(HF Z, AIKY/Y, 5Y4/5)ZE 72485
(no observed effect level, NOEL) 0.6 mg/m>°]2}1l
B st Hoechst AG, 1984; Hoechst AG, 1995).
u]= Y HALL QIR M E 71 0] 3] (American - Conference
of Governmental Industrial Hygienists, ACGIH)9]
-Z7|&(threshold limit value, TLV)o] w=H Al
oA s}-8== ST 19 8AIE AR 7K B 5%
(Time weighted average, TWA)= 0.1 mg/m’E H11
oot 49 98 JPYYS(Furopean commission,
EC)= g7 E01%+= 29549 & 2 I
100 mg/LZ AgHstAI(WHO, 2004; SCCP, 2005),
54 5= 4 o 7IEE AR AU ESSt
+ eco-label (Blue Angel) 7]|&0.& &o] &= UH
2o S H7HE FAAFHTHRPA, 2013).
2Y&A] A HY HE 29 Al FE &
UZ B3t Eo] o|FojX ARt FESAY FYL
2 QI HA45Hd FHE= wj$- AR dHA )
I Fdol gt 7ol 2AF E B A mlERt A
“Joltt.

Aot FA=IAIE S 5] Aot ooz T
871, =& A, 97N 5 TRt Al A7 F
25, o2l o|f-= 1M} 7ed /ol 8+
=3 AtHOberdorster, 1996). SUSFAIES 571
302 E4& I5EE Eol/| dEo 2FAte] ot
o] gt tied E3E F FH|E|ojof gttt V=R
o2 SUSFAES ol A= AHjet vlE 9
71eY 5ol FUFFAIE Blsf AHHesE A 8
TFEI 7] g2l S et B4 W UE A
& 4 = HESk {83 HiHolH, W2 A4
AREET e BEoHo|tHKim et al, 2018a; Kim
et al., 2018b; Kim et al, 2018c; Kim et al,
2018d). E3l 7EWFH2 SY=SHET ooket
L9 AlFo] 7hsolal, sEAA EEHE AEEE
9] &2 A A= 5= Qo] &35 e
Ak B3 839 o] &olshy| wiiEol
2 AN = 7| =TS A5t

2 Aqts ARt 224 9 AR AFESE 9
sto] Aol ofgt QbdAd H7ke] d¥e® good
laboratory practice (GLP) Q157]3%S &ol <33}
Fom, 9 & A HEE & e S48 A"
¥ 34 7|P¥(target organ) H SHAARSE(LDs)) S
ZARE| 95t SE&AS AIEsEAA T3 71w

I e

=
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2 Ao AMESE 2824 (Lot No.: STBF6166V,
Sigma-Aldrich, Saint Louis, MO, USA)<2 Sigma-
Aldrich Co.olA +4ste] AR8-otoirt.

2SS ©3] FlkE REpARE
(LCs0) 2.44 mg/L (4AIZH= A e, ol=gt
ZILE v o= Alexander et al. (2008)°] <Jstod
FYEEsE(mg/DE Fosk(mg/kgE THAilstod]
2 Al 832 AAsken ALk o9 (1), (2)
o £t

DD = (C x RMV x D x IF) / BW 1

RMV = 0.608 x BW#? 2)

DD: delivered dose (mg/kg)

C: concentration of substance in air (mg/L)

RMV: respiratory minute volume or the volume
of air inhaled in one minute (L/min)

D: duration of exposure (min)

IF: inhalable fraction

BW: body weight (kg)

I#BE 7t 45 YUsto] [F= 1, Al 200 g
olgtal 7HgstH Al(3)C& A

451 mg/kg = (2.44 mg/L x 0.154 L/min X%
240 min x 1) / (0.2 kg) (3
29L& FYLE A E(LC)E Als
kgd 451 mgZ T3 5L} Ekow, I8Eg
E AP A= SE8FE 451 mg/kgle 2 AR
1, 34 25 A&sto] AR S50 gt &
FES ERIT 4 A= E 18FE 902 mg/kg, A
|FZ 225 mg/kgo 2 ARSIt 74 AlFEES
Isoflurane (o}e]Z# Lot No. 9009, SFA|2F4] 3]
AL A7 IHA, R mEEEE & AsHH R

www. kiha.kr

A 7](automatic video instillator)E ARESH(Kim
et al., 2018a; Kim et al., 2018¢c) A-&%F, S8,
gl 242k 225 mg/kg, 451 mg/kg, 902 mg/kg
£ AE5E9 7| Yntratracheal instillation)=
@3] Tttt 2ol EdeRTE 7= F
o5, Fo{HFE 50 pl2 AP
3. ABSE # A=

2 Ao LENER| (AL, T=HERE A5
St 65799 74 EHUA| EAl(specific pathogen-
free) Sprague-Dawley =S ARESILE 1597H]
A9 9 3= AX § dAsitha wgH A A
sto] Aol ARESHRoH, AldEES ASs AEE
stof o AFHEA) HA0) HEE ST AldsE
< 19 #Fo = 5o, 3 6w ==
ARSI ZF Y Al ES 7Y Fol & 149
Aol SPAH. FEHY AR 2F 22+43°C,
FHEE 50+20%, S71314 10~203]/A17E, ZGAIZE
12A17H2(08:00 F5~20:00 &%) ¥ Z= 150~300
lux®2 AAE ARSEHNA AEIQIHAA] TAR/SA
(255Wx465L % 200H mm)oll ARt 3uld o=
g3lgon, AFEEL 1HPAE(Lab Diet® #5053,
PMI Nutrition International, USA)E ARSI &
o|7lo] APAEE gol A HAFAF . &2 mlAlo
7] D AL)AE o]&5te] MK s A
ARAFHH. 7] AIEE2 = Ads=0EI5EY
(American Association for Accreditation of
Laboratory Animal Care, AAALAC)ZHRE Q5%
Ao A FEQA, BE AEYE 718 =0T
A D3] (Institutional Animal Care and Use
Committee, TACUC)°| 29Js HAEZFJHIACUC
#1612-0437).

Journal of Korean Society of Occupational and Environmental Hygiene, 2019: 29(4): 508-516



7 BE(Sprague-Dawley)0lM 22S4A(glyoxal)el H3| 7|=W F00 T2 S A7 511

AR} A=}F al

jud

GAISIGIEE. ABEEe) %k 2k A, A% E
Bg HESo] $EFS S, REA A 2

At 37153 organ-to-body weight ratio, %)< A

o

Abstoict.
6. He|RZ|sHN AL

Het 7h A%, AR 9 B2 tjRdS TP BE
A E5E0] thoto] Hex2|sH ol FHRE o]
Aol 10% S4Zx=2L &Ho] 1okt 1AHH =
Ao g5t $ onglhgos sty nmlo|gREO0R
BF43t & Hematoxylin-Eosin (H&E) @A EES T

Sof Yerdn|goz Aol §5S st

7. 8HH EA

A AT} A7 0] BARAL Pristima system (Xybion
Medical System Co., USA)& o]-&sttt. A&7t &
39 A A5 i B EEHAE 37
stgon,  AUuAEAE(one-way analysis of
variance, ANOVA)YZ AAJsto] f-9/do] FHa=H tix
T FoAQl Zol7t = AlFTS ERlsh] flsked
Dunnett's t-testE AAISITE BEEAANS E(LDso) %k
2 SAS =273 W9] Probit EAHE 0|85ttt

AP EES WS A3HTable 1), 902
mg/kg FowolA & 29410 19, Fof & 3
Ao 24, 181 F 547 17} Argstal
T2 A= Table 2
of QoFsiqitt. AIEEEY Folet HHste] aget
(dyspnea)® &-s4 AsHsubdued behavior), HIZ
W EH|E(nasal discharge) @ AFd(death) A7AE0]
902 mg/kg FolwtollAl W= Qo

2. H=

A&7 5 FEY ASS 54T 23k, Table 39
UERd Hle} o] Fof&Fo] Jrto meEt AF dAvt
gFolzHor ALt 3], 225 mg/kg Fol+
oA o] 44A(p<0.05)2} 451 mg/kg FolFoA &
o] 493+ 7d(p<0.01) ¥ 119A(p<0.05) E 902
mg/kg FoliolA Fo] 493 79, 11¥€(p<0.01) &
132940(p<0.05)9] Aol 2o Hls] BASHH o=
o A AT

Table 1. Mortality of male rats after intratracheal instillation of glyoxal

Dose Days after treatment
(mg/kg) 1 2 3 4 5 6 7 8 9 0 11 12 13 14 15 Mortality (%)
0 0° 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
225 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
451 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
902 0 1 2 0 1 0 0 0 0 0 0 0 0 0 0 4/6 (67)
& Number of dead animals
Table 2. Clinical signs after intratracheal instillation of glyoxal in male rats
Parameters Group (mg/ko)
0 225 451 902
No. of rats with clinical signs 6° 6 6 6
Appears normal 6 6 6 1
Dyspnea 0 0 0 1
Subdued behavior 0 0 0 1
Nasal discharge 0 0 0 1
Death 0 0 0 4
@ A single rat may be represented more than once in listing individual signs.
Journal of Korean Society of Occupational and Environmental Hygiene, 2019: 29(4): 508-516 www.kiha.kr
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Table 3. Body weight changes after intratracheal instillation of glyoxal in male rats

Group (mg/kg)

Parameters
0 225 451 902
No. of rats 6 6 6 22
Body weight (g)
Day 1 262.846.22° 261.5+5.87 263.9+8.24 273.1£12.59
Day 4 280.045.31 260.9+8.72° 237.6+14.63" 209.7+16.19”
Day 7 313.1£9.02 295.5+8.46 279.2+16.97" 228.8+16.33"
Day 11 346.5+12.02 326.119.84 319.5¢19.21° 291.0+25.10"
Day 13 358.9+13.06 342.0£11.74 3356.6£20.70 320.7+23.48"
Day 15 367.1+13.68 347.7+13.38 347.4+21.74 338.2+24.40

@ Four animals in 902 mg/kg dose group died within 1 week, for those rats no data were obtained.
® Values are presented as meanSD.

" Significant difference at p¢0.05 level compared with the control group

™ Significant difference at p{0.01 level compared with the control group

4. 7|5
FoHAl 3 14YA0] e P25 4ot & =

2ot AAE WAA, 225 FAE &%3t AT Table 4), 225 mg/kg@} 451 mg/kg
mg/kg T4 H 9 WA(focus/foci) 189} 451
mg/kg FoiolA Hol HA 58 9 902 mg/kg F
of ol A =9] HAM(discoloration) 482+ B4 287}
=

Table 4. Changes on the absolute and relative organ weights after intratracheal instillation of glyoxal in male rats

Bo] ¥ 14QA0] BEFEL HAstel 2 471

SolzollA] do] e % AejEago] el vl 22t
BARE0R oY WA F7HHACKpCO.0D). 225
mg/kg FOIZANH 4149 WrjEgol thxzo] )3 5
AsFH o2 o A F7skch. e 7t A

Group (mg/kg)

Parameters
0 225 451 902
No. of rats 6 6 6 2°
Lung (9) 1.50140.125° 1.833+0.183" 2.14440.142" 2.316£0.068
Per body weight (%) 0.409+0.030 0.526+0.040" 0.618+0.036™ 0.687+0.070
Liver 17.482+0.897 15.513+1.156 15.293+1.569 15.670£1.414
Per body weight (%) 4.764+0.212 4.458+0.192 4.394+0.187 4.631+0.084
Spleen 0.8330.115 0.780+0.120 0.779£0.086 0.874+0.012
Per body weight (%) 0.227£0.034 0.224£0.030 0.224+0.017 0.259£0.015
Heart 1.189+0.060 1.21340.154 1.238+0.074 1.222+0.035
Per body weight (%) 0.324+0.019 0.348+0.034 0.3570.014 0.363+0.037
Kidneys 3.288£0.281 2.929+0.212" 3.037£0.201 2.841+0.114
Per body weight (%) 0.89510.054 0.842+0.048 0.875%0.051 0.84110.027

 Four animals in 902 mg/kg dose group died within 1 week, for those rats no data were obtained.

® Values are presented as meanSD.

" Significant difference at p{0.05 level compared with the control group

" Significant difference at p{0.01 level compared with the control group
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Figure 1. Histopathological analysis of lung tissue after glyoxal treatment. The image A is representatlve of Iung tissue of rats
from control group treated with distilled water by intratracheal instillation. The images B and C are representative
photographs of lung sections from the high-dose (902 mg/kg of glyoxal) group. Black arrow head indicate
bronchiolar—alveolar hyperplasia, black arrow indicate chronic inflammation. Tissues were stained with hematoxyline
& eosin, as indicated in materials and methods. Scale bars represents 100 um.

Table 5. Histopathological findings after intratracheal instillation of glyoxal in male rats

Group (mg/kg)

Findings Grades 0 225 451 901

No. of rats 6 6 6 28
Lung - 6 0 0 0
Bronchiolar-alveolar hyperplasia + 0 2 0 0
++ 0 4 3 0

+++ 0 0 3 2

- 6 0 0 0

Chronic inflammation ++ 0 2 0 0
++ 0 4 3 0

+4+++ 0 0 3 2

Grades are as follows: —(normal), +(minimal), ++(Slight), +++(Moderate), ++++(Marked).
@ Four animals in 902 mg/kg dose group died within 2 weeks, for those rats no data were obtained.

9 B9 A7|SH Hake WRE R otk TAFEE AT RN SYGAE AR AH[A
oF 422 9 Y9 AREIE AT 7|2A=e |9

5. 2| X2t A d B7F 712A RS AArst AL skoi
a2k HAFEAIHFigure 1, Table 5), ti&wo] 2oL FAEGE A Hote] A e
M ojmst 22T olAAALE AR %}-%gur Al 0, 225, 451 ¥ 902 mg/kg &F2 & &3] 7=
225, 451 9 902 mg/kg Folte] HollA Al7|A|H = Fof & duksAdT AlE, Stad, A1SE 9 3
ZA(bronchiolar-alveolar hyperplasia) ¥ T 9% ZA5H WS wEskoith Algdat 2ESAe o
(chronic inflammation)?] FE SEojA #&E T, 3] 7=y Fojv U AFGES] SV Als
HZo| A Z49] Zd(extramedullary hemopoiesis) &, H9 A7 et 9 He HHddE Zdsk=

o Z4z+ 28, 37, 23 FEHJUHAR vlAA]. Ao FQIElet
AerEA; T2 Al FEL4 902 mg/kg Foi7ollA
v.n #H song S5 Ash @ HZH BHE dgo] B

Elor, 7=y Fof 54 ]l ontE] & 4ukEr Ab
2 AT STUSEE AFEEANA 715 Fofste]  Bokdith ol Al wEW HECA 2ESdE
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2200, 2600 ¥ 2700 mg/m’O.& 4A|7FEQt H|E &
Qs Z2F, E732 F8(irregular breathing)¥ H]
JW EH]E(nasal secretion), F-2221 =& (partly
closed eyes), A%l E(ruffled fur), @715(dizziness)
2 H2ol9l(lying on the abdomen)’} &= }lom,
2200 mg/m® Z=&wolA 10utE] ZF 20k 7Y 2600
mg/m’ =Z&FolA 10ute] F 5ukE]7E, 283 2700
mg/m’ =&TolA 107+ F 1077t FY=E 9Y
QHofl AFGSHITHSCCP, 2005). £ Al&ollA 902 mg/kg
FojtolA TEE UuksAZ ol At Aot dX
StH, A5/l dASHA YUt 1-&tolA B
H Ao g Hol AlAEHY 7|2 Fofof 7Ild FF
o2 gotEot 2 AJFof|A| Probit E4WHE-E Bl
e 2 '3 7|y Fo] HeAAEE
(LDsp)= 866.9 mg/kgo|@iom, o]& Alexander et
al. (2008)°l 9Jsto] Fosm(mg/ke)s FU=EEE
(mg/L)Z Akt 4.69 mg/L (4A1ZHo =2 AEHrt
Hoechst AG (1984), Hoechst AG (1995) SoflA] X
a1 ZE8A] ©3] EALE HERXARHLCs) A
o} AJolgt olf= Fof o WE Ao|2 AlmHr

Ao FEYEAS 7| Foigt 23 Fof 47
225 mg/kg T AF2 diERTol H|5H 6.84%
Hasilon, 451 mg/kg Folwto] A 15.16%
A48, 902 me/kg Tl AF2 25.13% &
stttk AE &8 Al AFEE FojtolA yErd
Fo|lEAQ AT Fae S 7=y Fo 7d
AEE IEot= FFS TESHUT. ojd =34 =
t 34 97 44 2, 2984 gR s olF
LAARQl AlSHAE W6t on, 7t &SI
THSCCP, 2005). ESH k= 2H=o) 0, 100, 300 ¥
1000 mg/kg o2 289 &< HHE HHFo] £/
A1g A3 300 mg/kg@ 1000 mg/kg FolwolA &
FoEHl AFS7He JA7E BEE S (Sociéré
Francaise Hoechst, 1987), = =0 0, 32, 63,
125 @ 250 mg/kg €FC& 90Y =9t vkE Algd
o A¥(feeding study) A3k, A 250 mg/kg Fol
oA A Fof & 25 5 FHA ASS7HY AAE
A5 tHMellon Institute, 1966). FstElo] st
A= E7t Al, Alse Haks 5449l et vz
S BAAEA 2 424 Jdom(Kim et al, 2004a;
Kim et al., 2004b), & Al@olA T2H E=FolEF
Ql Aletae AFEEH ot =454 #g= Alm

o P
MY,

1

www. kiha.kr

=t

24 7|5 o] & 1494 24 Al AlEE
FojtolA e H ol A 9 Ho| WA A
2 9 vy BHIER YEd 38714 A
A5k= AL R Hol AIPEZY] 7= Fofof 9%
o= woH

Adt=JAHol A 8 A7]9] SEFHse A
449 HM Yttt EARE F-85HA o]-&E L
QtH(Andersen et al., 1999; Bailey et al., 2004). 5
A Al 225 mg/kgd 451 mg/kg FoIte] Al & AF
o HEF 2oy Hwste] SAEoE {4
A= 7S HAFAA, 902 mg/kg Fowte] Ad
4 A #HSE2 2y} vlaste] BASHHoE
OlFo|R|= AAT FFolEH o7 Frlol= TS T
Zstct. o2t g Wik HQ Sty Aat
He2Z5kA Ado] FHIE ZOoR Hol A|PEde
Folo] o3t EgRtkgo 2 TetEnh v, 225 mg/kg
Fojiol A T A diiSE 7t S48
o] QA=A Aoty HE|=2A A HA Aot A5t
A 7] 2ol AFEEY Fojok=s #o] gle
ol AA0F AlgEL}

i)

B>

flo

% KL
B o fok

¢

o i W o) WA QY BE A3t 2 A
3% 24 209 QNS 0= Mo} A
oo oJ3 BAekd Wstz BerEch oo
A7avel daw ABEae AgEEel =y

A

of & H9 BHRATHY HARE AAISE i ASA
I e 9 AZ|EA HE A AFo] 9 AHOR
QAL olggt AFL V=Y FojZ QI ¥ X
2] T Yeht= 484 ®3Hadaptive change)
2 A JHKim et al, 2018a; Kim et al,
2018b; Kim et al., 2018c: Kim et al., 2018d). £
ANEZAIL AEEE Fod HojA TH WY IF
9 A7EA HE S E STSAY 7|2y Fo
of 7IkE H ¥ &4 ¥ FSA HIE AlEHC
gHH, AIFEE FoiFe] HIRolA HEE Ze 29
< H3PF dA5HA| @ar, &dol gl TS
g 54 A0et dAsHA] %7 tigel S4dddes
9l9)= gl= ¥R AlmHrh

Journal of Korean Society of Occupational and Environmental Hygiene, 2019: 29(4): 508-516
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