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Table 1 Oral toxicity (LD,,) data for various energetic compounds in rats and acute toxicity criteria grading

[6-11]

energetic compounds rat acute oral LD,/ mg-kg™ acute toxicity criteria grading
Cyclotetramethylene tetranitramine(HMX) 6490

Hexanitrohexaazaisowoodane(CL-20) 5000 slightly toxicity
3-nitro-1,2,4-triazol-5-one(NTO) 5000

N-guanylutea dinintramide(FOX-12) 2845.8

1,1'-dihydroxy-5,5'-bitetrazole dihydroxylamine salt(HATO) 2000

Pentaerythritol tetranitrate(PETN) 1660

3,4-Bis(4’-aminofuryl-3") oxide of furo(DATF) 1540 o
1,1-diamino-2,2-dinitroethylene(FOX-7) 995 low toxicity

1,3, 3-Trinitroazetidine(TNAZ) 880.92

2,4,6-Trinitrotoluene(TNT) 795

Ammonium dinitamide(ADN) 617

2,4-Dinitrotoluene(2,4-DNT) 268

2,4-dinitroanisole(DNAN) 199

Nitroglycerine(NG) 105 moderaate toxicity
Cyclotrimethylene trinitramine(RDX) 100

1,3-Dinitrobenzene(1,3-DNB) 59.5

i e LR IR b2 . RV IRIE R S tEa D
LD, B4 %t & G b & ) S e B T 0 9, v LUE
WL E RS Y N R AP AR AR, Sk
FHEFRAUCE RN R SEL 0 %R kR
N AN BEARR TR W) O I 1 A S5 A B R o [RIR
TEVEH & BEAL & W T RS N BE S F R S A
5, B EE G 2 B8 RE AL S W A 2R 7 0 A v R S R
H ] = ) 9 B AR

2 HBSBNESYEENRENS

o RE AL A W 0 BE R ZBON X A A B3 4 B 7 A
SR BIF 5 SRR W, B BE AL 5 W A7 T 45 i B 1 O
(F 200 Horp DL AL 3 1k BB ME AR B
P A2 T S TR T B L
2.1 TNT

TNT /5 o RE B % B2 ME W 2 — , 2 AT A Bk Al
M T Z W& ReAa Y, CTNT 287 2 28 ik i 4
R M 25 R RE T RE B B AR ME AL oSG T TNT Y
3 PR T B R 5% B A QB & A7 AE R BT 5T, al
TNT B A B0 Pk A5 7 28 1l 458 0 A4 1 &
48 L BFME , A AT TN 2 fish J (9 BRI 5 32 28
YRR

FE TNT A 72 v, o B A o (0 3, LA i
FL 8l Wy PR P 3 G i A G S AT A e A AR
PRI AR -2, 6- AN AL HI R, 2, 4- TR S R (2,
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4-DNT) , 4-Z H-2, 6- 1§ 2 H 28 (4A-DNT) , 2, 4-—
24 H-6-fiF BE W R A T R AR = Y . Sabbioni
SEIEXT 50 44 W2 T NI A BT I R B T A -
Bl 2R M TR UM A RTE . $2 & 4A-DNT A
2,4-DNT ML A G PK 450518 3.7~522 ng-g™
MELE AR 0~14.7 ng-g™ IMLELLEL A, 1 6 HEZHE D) 4 % 3
TAY, W B InA 4 e PRV HE T S — B0, X R
TNT () = Z R AC I R 4A-DNT, HK Ry 2, 4-DNT,
K, 4A-DNT J& TNT % 8 J5 12185 = & 9 F K i
PR 0 S5 A bR A W, LK OF AT AR g PR TNT 42 ik A
O3 ARl RRIR O 1) LS A

FE— TR AP AR B9 b, R BB R HE B & TNT
(LR, 0L Vs A i SO M . ZEARRI A (10 mg-kg™)
v ) (50 mg-kg™) SEg A P, A B A 11 2 A
12 LB A0 I S % e 348 26 RS e g0 ek 1k
Hhist 1% B PEE I R W], 78 R JE VD T IR A TA100 T8 Bk
T ORISR A AR AE S9 AR IEAR I TS R INT B B AT
B A B2 0T B TNT A, AR ™y — il
2R (DNT) X A 26 HA BURAE , i 2% 88 T DNT
1 TN 22 58 AT BRI 1 Rz (RS AT 4 i ) J 7%, LRI AR
i 14 DRI ) B e

PR SE R, TNT AT S SO B 30 2 A2
45 ARG 7 0/ 45 28 B B MR BEE R R LLE
75 S HEAT TNT Y25 (300 mg-kg™', 6 W/JH , 2 J&) 5 , %
JURBE 2 25 4 . B 52 b 22 5 4 B DA A R /N I
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Table 2 Toxic effects of typical energetic compounds

o energetic ) route of )
type of toxicity subjects dosage toxic effects
compounds exposure
TNT human oral 85 mg-kg™' Hallucinations, distortions of perception®’
RDX human oral 85 mg-kg™' Convulsions or affect seizure thresholds'"’
. RDX rat oral 100 mg-kg™' Convulsions or affect seizure thresholds"'*!
Acute toxicity
HATO rabbit eyes 100 mg Moderate eye irritation"'*
. o Convulsion, gastrointestinal hyperkinesis,
TNT rabbit subcutaneous 500 mg-kg . o 6]
diarrhea, Verticillium wilt
. Bleeding and inflammation of the spleen,
Subacute HATO rat oral 31.2 mg-kg™'-28d )
abnormal blood clotting" ™
toxicity B .
ADN rat transdermal 1000 mg-kg ' -28 d  Hepatic edema, necrosis '°
Subacute versus o Changes in liver weight, normal erythrocytic ane-
. o TNT dog oral 182 mg-kg'-13 w el
chronic toxicity mia
Subchronic hexanitrohexaazai- . Liver and lung toxicity; Reduced immunity,
. ) rat oral 1000 mg-kg™' 13 w 7]
toxicity sowurtzitane (HBIW) anaemia‘'’
. . Increased micronucleus rate of polychromatic
Genotoxicity CL-20 mouse oral 2000 mg-kg . (18]
erythrocyte in the bone marrow"
Carcinogenicity TNT rat oral 10 mg-kg™' Bladder hyperplasia and bladder cancer'"
. 71 Reduced spawning and embryonic malforma-
CL-20 quail oral 1085 mg-kg
tion'?"]
NTO rat oral 2000 mg-kg™'+14d  Testicular mass decreases and atrophies"’
DNAN rat oral 100 mg-kg™'-7 d Decreased spermatozoa and testosterone levels'??!
Reproductive o The testicles and epididymis are reduced in
1,3-DNB rat oral 6 mg-kg ' -60d . . ) 2
and developmen- weight, and the seminogenic ducts are atrophy"**
tal toxicity B Disorders of sex hormones'?*" and activity of testic-
rat oral 199.1 mg-kg '-14d (25]
ular AKPase *’
FOX-7
. Embryonic death, Fetal mouse skeletal and viscer-
pregnant rat oral 45 mg-kg'-14d o [26]
al deformities"
2,4-DNT rat oral 240 mg-kg™'-5d Reduced number of pregnancies'?’!
1,3-DNB rat oral 20 mg-kg™' Ataxia and brainstem injury'*’
HMX rabbit oral 80 mg-kg™' Epilepsy, spasticity, and ataxiae %"’
Neurotoxicity [30]
DNAN rat oral 80 mg-kg™'-90d Cerebellar damage, neuronal loss,degeneration"*’
NTO quail oral 2000 mg-kg™' Ataxia and tremor'*"/

LIRS F R AL, S BOh AR VRS TN 2, SEALA
BF SRS RO D A Wk S R IE A dE—
EE B TNT YA ™ ) AA-DNT 0] 15 3% 5 B0k
T AR R (DNA) 1 A8 43, I 38 8- %8 %L
JI 45 4 (8-OHAG) By 28 B, T TNT A< 5 W) G it 4
FHSON, BB, RS F DNA S L4545 v] BEAE TNT T 84k
ST PR AR

TNT 25 #0285 o0 I T8 2R 46 (O I 395 E O e 8K i
18R A I AN AT AL ) A (S B 5 RE A F B 1 R A5
B ) AR A CO6F 07 55 A Ay AR IR 2 4, 1 )
o, U B R TNT Hh 8 f BA0 (9 bk, L AE Bl A
BE P BTGB o B IR T OSUHR A AR A ] 303 5 B
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TR, 2280y R 1) RS 1) A1 4 AL YR ok il T A
HET b A e Je il B AR v, BFSR R, TN
FEMRTNT 64> BIAT & A (1 e, L3 ik i ] B 4
KRR T AN AT IR E R R, TAEY
ez S TNT B8 ~F 34 3k B8 3 e v 28 1R TR BB (MAC,
Tomgem™) B, F il TNT @8 55 TN B0 D RE B At
U A 2 R BHAE T TR] e A A ORS W FIORS 16 R T
(S R RIS T
2.2 RDX

RDX & — Flt 3 KE 77 B 9 1) il He 25 & se fb & 90
W R W], RDX H A B M b 22 1, AR R 68 T
RDX J& 25 th 8™ Sl 4 BZ 2 Xk e ok 4 i 282 7
AR A 2023 % &£ 31 %
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B N £, N ANE DA RDX A,
A 38 1 K IS 7 Kigtkardaly 237 45 T 5 4
AN RDX B ZE 41, Ak 157 B R 37~250 mg-kg ™'
RDX & A 3 /N &, H I i e B R 268~969 pg-mL™'.
o 45 B B 72 /NS ) RDX LI 7K S K 24 &
BEA 3 /N 245, 3% e B RDX AE A v Wi i 55 o 2%
1 W2 Y RDX(10~50 mg-kg ™), 3 /M
RDX W 5 B AT 2K S0 AF, o 2H 20 rp RD X v 32 o e, O O
B REGEAZIR 2, S YedE RDX(43 mg-kg™ ) iy /N
B LC/MS 45 5 B RDX Y 3= B FR W A7 1y 4-1il§
-2, 4-FH A TR A-fi5 -2 4- A T WEAE .

RDX HA Bum 1, 9% 55 B PR 5L A4 Js (USEPA) IH
KN CHBURY IR . £ —T S,
B6C3F1 /) Bl i £ ik & & A 5 mg-kg™ RDX (¥ 4]
28 K, sk B 5 2R G Tl =X S (PCR) Xof JH: fii 1 JHF
1 567 > miRNAs ik 38 #E 17 73 B 45 R K W], RDX %
& mT 5 /N BRI AZ R (miRNA, miR) ik i
HEE ., /ERDX A, A 75D FKBEM 1134
miRNAs [ £ IR B & A T 8 F AR 4h i ax 2k 22 57 3%
K B miRNAs 5 1 22 9 i 125 4 1€ 1 1 AH 5& | H P 3k
Ji miRNAs 2 3 [, #1138 miRNAs (let-7, miR-10b,
miR-15,miR-16,miR-26 Fl miR-18) . % T 4 , 3% % B
RDX 11 2509 1E FH R 8 J2 2o i 458 958 3 PR i) 3 36 ok 52
B

RDX 1 & % b it fii 5 i, DR Ot o Al ol 28 28 49 0
BEPEAE 1% 32 S5 T o 1A 9 3 P 3k L RDX
AR Z2 AW B 5 | R B S 0 SRR AR R R L R
WA R KW, RDXBES 5 y-2 3 TR (GABA) B+
AR R RS S EORRA W
il P GABA BE # £8 7T A% 36 U /1>, 2% Ay 1 R4 o 1 ok 22
& S 0 M, 51 B o AR BUECHE R, RDX T B IG
A M DX SR 20 A E A2 4 1 A e 2 M R
i (SIPSCs) [ 451 3 FUIE JEE |, 175 5 7™ A5 8 % A 1 AU
BEAR 28 0 o RIS R R LI 2K R £ 2 ik 4 4L
4 Bl P 31 35 R R SR I 98 6 W, RDX nJ 3895 24 A5 PR A5
TR e 248 T IF T 98 GABA S5 410 1l 1k o 25 124 338 AH 56 Sk
R 3k, T 80M 28 o0 24 A PR 58 L 3X A B J2& RDX 5
IR ) T3 — BL O FER MR SR T R R 2
JEE JR 7K SF- B9 RDX W] {5 N b 28 1 248 B 88 SH-SY5Y 4 Jifd
P U 8 G B - KOS e X T % A 2 0 A
GATR R U85 (4 38 in 2 LR TR e A A it LS A5 5
55 19 4 25 00 2% Ay M AR Ak AT RS2 RDX 7E 1R 75 &
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il 114 T ZE VR AEBIL A
2.3 HMX

HMX & BB 32 i Y 5 A8 k2% A e 2 —
XN 26 B AR R U L BH S S D R Y
B, HEA —@E M adg i,

WU B W) SRR SR R HMX I 2 & 1 3
P A X AR, R /N BRI R B LD, £E 2000 E
6500 mg-kg" Z . K X —-HHE LR
10000 mg-kg™'; R 1fii , Cuthbert 55 JE 47 A4 35 74 22
o 14 3T {8 B0PE 70 W 5T 2 B, A P M P T G 2 e
SAE LR 2 1 EH Y BE 250 mg-kg™ Fl1 50 mg kg™
HMX B FE T, fe A28 11 57 5 4 50 mg-kg ™', i I F H
P Fp iy HMX & 54— B 9E R W], HMX 2
7 7] 8k 1) 85% #E R BUAR Y T AR g i s T AR
L 2E R LS W ISCRE I BN R S R A R
M PR, B A HMOX I AL RE ) i i 2 e i HMX
AP O EEME R/INGY T F T 8 U R ) 0
HMX O AS [7) 499 7 2P R R ) e B 0000 4 R 22— o

FENZE 3 il HMX T B & 20bE b i B0 O
O RS AR IR A O E B E DR i
R0 AT o7 V8 A B 5T 2 W], HMOX AT 5% i = ol T
NI AT R IR . FEN BRI L HMX 32 fil T
NIk AR A TR RROK T 3 T OE R ONEE A
B HMX 32 il T N3 Ty A2y 0 iR B i
2y o B AE AR M S T R 2 B T, A A
TR 3% fik HMX S, 5l 28 38 35 32 3l v AR 309 9
A, TF ol 2 30 i SRR A% T R T 1S . B R
M3 it HMX W B 1 T i ARl A BIE o pf e ROph 2
A7E v JERBE At 28 VAR 0T AT R B 2H I I A G X 3R B
HMX 2 — Fl s 28 35 M 5T, 0] 5% e A ) L A 48 1) 4%
SHEE ., HAT, USEPA T8 H K h HMX g 7] 322
Z R E N 0.4 mg- L7,
2.4 CL-20

CL-20 2y —Fi ELAT 58 7 22 B il e 445 g 1) v i o %5
JEAL AW, 2 R A% S R I FH 04 BE 0 e Rl ) B0
ROIERZ AT E 27 BEE R, CL-20 B it 4 3
PSR E R

P — U F ICR /I BRUZEAT A B 58 28 S 50 v, o
200 6 e £, {4 B AR 43 BT 45 SR o, CL-20 W] B B R
200 0 4 0 AL 0 0 T8 I AR AT AR, T e R A Sy e
R W SR o TEE BE R 2 e 2140 I iR g
2000.,4000 mg-kg™ 7l & 2 5 [ P X BCZH A LG, i &
/N U T % B B v A, LI Cun-zhi 557V
A A
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GEL R K, CL-20 Al i B b [ B B V79 28 T P AR
(ROS) Je N [ (MDA) Ft =, 3 2040 il DNA A 1L 45
15 3 Wi 24, [ i £ A 40 i (3% C Ak I (Cox3) , i
JE T TR A JE (N T) % 2k 1R DNA 278 .
21 5% K AF A V79 40 i b CL-20 fF 2 Y ROS.
8-OHdG Fl MDA JK V- F 15 , #2155 SO D 1if 14 , T8 52
DNA i £ 942 o X — P58 45 SR R W] CL-20 & —Fh
AL B T, T RN R R 5 3 DNA R Ak
5 R0 €A% i B0 ) 42 Ak N T 28 A CL-20 51 R Y it 4%
B

CL-20 B — & E i L & w1k e — WU 42 K
14 371 M R M A v B9 S B S A CL-20 RS
JV iy EE ik DA AR 1 O o 3 R AR ] e 0 4% 3
CL-20 2 #& /Y %% 75 I i AT £ ko i T W O | 1 g 2
il R A R LA N e B 2 LR R L A,
WE 5 11 ™ O AR H A 3 0 X SR I CL-20 e M
ARG T
2.5 FOX-7

FOX-7 J& —F i B & Be Ak &5 0, % P AR A U A%
PRZG FARIEZ 7, SRR FOX-7 B ik 1k
MAGE & B,

TR R, ARERA FOX-7 J5 75 B RAVEFT R Al 23
fife A= 2R FOX-7 (fiTAE ) 7 . 78 SD(Sprague-Dawley)
KB, K 4 0 g # FOX-7 200 mg-kg™' Al
500 mg-kg i, ML P FOX-7 Ak B 7E Y 8 5 2 /N
PRSI, W (ETVR FE 43 14 1.82 pg-mLT 12,33 pgemL™",
YL BEJG 2~12/NEF, FOX-7 Y0vR J3 Pl T [ | Bl J5 3% 26
WG ISR 20 10.83 /NI I 8.66 /NS #E
o3 S s W AN B EZ T4 A 140 mg-kg ™'
350 mg-kg™' FOX-7 J5 , % ¥ M i Wi, iE A IE A0
JE . Yed e 2 /NI FOX-7 F2 300 A T TR LB A A 52
JLA i, Y3 8 /NEE RS 4 FOX-7 9B IE AR
7

FE— 018 Mk 2 B g R, SD K R&
P FOX-7(10,30,90 mg-kg™',90 d)Ji , IFIE 5 I
I ZR B8 B e R A 5 R e ¥ 52 B 7 . FOX-7 Wl 3 i
A % NG o (AR 0 QN (A N = = A DAY 2
TR IR R R AR IR K T LR B S S
R e AR 2 R BRSE AL R R T R AR, SE ALt
YRS 2R A0 R AR D XS R B FOX-7 T 41
Hl KRR AERKEE, 9 Mm% R 5 AR5
i1 .

FOX-7 HAT — & i 4L M, vl = B/ BUK 98
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L5178Y 2 Jig 5 3% (thymidine kinase, TK)JERH %
A g AR o AE AR RIS A (-S9) AR TS 1k (+59) 4% F
T, 4 FOX-7 ¥ B i5 %] 500 pg-mL™" B, 0] 3 3
L5178Y 2 Jfl TK K [ 58 22 45 4 b 2 58 fn , H 2 A 5 =
FHORHE
S IEEH  FOX-7 R AR & &k, KR
HELEZ Y 199.1 mg-kg™' FOX-7 14 KJa , il 4045
B ER A M PR IRAE . SO AL U FLR A
(LDH ) i 1 4 A2 6 (AKP) B35 ) 0 38 B AR, e 7
R B P R T 2 @&%/Eﬁ?—%ﬁﬁi/&@?—%mnm)%‘r
A BE R S R Y S FE/NEU L 348.22 mg-kg!
FOX-7 # 2t 2 1YL 35 5 K, /1N BRUWT GORS B 48 it J% €5 4k
S5 Aby W AR e I S T 0 AN, FOX-7 1 K BRI
FEAAAE R A REVE , SD R AR YRS 5 2 19 K& 1 3
# FOX-7(5,15,45 mg-kg™) , LW 45 L EX W, FOX-7
Xof M K R A T R VR B T R R | v ) e 4
JHEe A R R A 3 AT, A PN R A 0
FEP K(9.17%),BH EK(2.59%)7,
2.6 DNAN
DNAN J& — Fl s 55 N BUR B AR NE 25 TE IR H5 e 24
e J5 o HIAVE TNT AR 7, iF9E R ], DNAN B A
ST LA AR kA DN E LR
FE —T5UA FH 1R TR A A AT (9 DNAN AR 55 B
AP B 28 11 e 5 DNAN(5 mg-kg™ & 25 mg-kg™) .
SERFW] E 5 mg-kg IR, AEAT AT ] 2 AR AS BE
S ML LT BRI AL 2 DNAN. 7E 25 mg- kg'1
FEF 4525 5 DNAN TE LW Bz R i B 32 e Ak T
1E§7J<¥,T”“$FF%JJE’JS/J\HW\] I 7% 1 DNAN )
WK 1.7~2.7 pg-mL" X LB DNAN & 1 YL 5 )5 1)
W ARG, IR R & 43 L 292 0.002% . E Gt
T AT 5 /NPT, DNAN B9 32 B0 4- — il 3
R (DNP) Y 2 32 80 T 55 100 DNP Ao vk i 7 e
a5 /NI IR B0 (E , e i ad 70 pg-mL', 5 DNAN
AHEL MR BEAH 22 20 f% o B S DNP IV MR 3 28 0 T B
TEYLREIG 24/ # T 00 PRIE T DNP Y 1 7E 8 /NS
EFFF& BT TE AR 24 /N A AT TR B0 B 22
MR R R B2 T Y EE 120 mg-kg” DNAN 5, 5
REK A Y AR, W T DNP YW B I A& T
DNAN., X —#F5E45 R E B, DNP al /2 DNAN B
P i 1) 00 A= WA AR, O DNAN 4 filh 5 59 A Rk
TR
g PELE 1 4y EE DNAN(O, 1,25,5,208 80 mg-kg'-d
90 d) Al jik Jif, SD K L ADRHES fb A2 AR ,ﬁiéi“k/ﬁa”x
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X AT BE A T DNAN FE R N 56 4k ok 2 ki (R Rk B R S
R 2, 4-DNP, S 2R B 5 3% n BT 8. 4k,
DNAN A S 80K R AT 1M B 5% 4k il 8 R UTE L X
22 B I W DNAN M1 F A S 28 505 v ) e 20 e
PERBAE YL TR , B0 R HL R 20 M Ep 524728, OF
PR BE /NI AR A7, £ 45 o 20 2T o S b 2 ok i b R 22
52 J5% 4 50 Sk 1 n AAS [ R B ) il 42 ST AR Ak X 2 B
DNAN 1] S 80h 2 RG34

DNAN H 74 i 1% % H , 9 USEPA 31 Jy 1] fE 08
Y, HoAE Ames B 15 %€ V0 '] IK & (TA98, TA100,
TA102,TA1535 F1 TA1537) [0l & 5 78 S2 86 vh 6 300
HRANEH, A A T S AT, DNAN 1] 5] &
I3 TR PR R A PR R 7 A Il A g AR -0

sh W Bk 5% & B, SD K B LAVE B Jr =X Y # DNAN
(50 mg-kg™' Fl1 100 mg-kg™" ) LE 7 K, 45 i A= 45 41 iy
W V& K T 98 SRS R A M R AR A A I S
L 37 SR KO L BRI

— TR X DNAN A 7= 28 T A RO i 52 R B 7 o
2k B, K B il DNAN A B3 AY 336 i K 9 43 b 2 45
PSR H R B RE LG W VT R R R [ 40
JfL 5 9 B 48 K Pl SR T B8 DNAN AR —
TRERG RN . ST 2 W MR T AR | 36 B
o8 3 T AW 5E T (AIPH) % A2 DNAN 19 3Rl 2% #57 BR
{52 X} 0.09 mg-m™2,
2.7 NTO

NTO & —Fi = RE IR & e 1L & 9 MR PR 4T,
VE A fe B IR 5y Bk 4 25, i T ez 1 iFgR
P NTO H A IR ) 35 v A R o) 8 ke, o 8t 1% B¢
PE AR AR AR A B R R B

Neill 505k K B2 1 A A e NTO Ja i Qi
AT TR, SEE B R W WAL EE NTO YK B i
WNTO MR JEAE 4 /N 35 B A -1 41.5 mg-mL™',
28 YL B NTO B9 R BLUML A NTO ¥ B 7ERE B 5 1 /i
K EE 44 6.38 mg-mL™", 44 25 2 /NI - i
WNTO W JE %2 3.52 mg-mL™ , fE 7 )5 5,8,24 h
T F A T R 5 R 2B v, AP Al TRl 4 28 1
B NTO(5,25,50 mg-kg™) Ji , ML+ NTO ¥ £ 4 /)N
IR B EAE , 8 hIH R, IR H NTO ¥k B2 LT 4 i
Y 100650, MGG SR R K288, A 2
H A NTO 23 8 s WSO HE R S8 B A7 A
JHF AR A R o RO, DRABE 4G 56 1T BE 2 NTO $2 fih 1 )
1 H5cfE T 5

NTO 776 A 5l & B 81k, o] i e kA2 7l R G 1
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0 FCRE PEAE R RE 8% B N SEOALFIB 52 0 W A E A
WMk 2 1 MR Y R I NTO AT S BOK RS AL &
BEAR, A A /N AR PE RN SR 4 . A1 SD K U B
# NTO (315.1000 mg-kg™) KJa , 22 I H & 1 2%
B A T S T NTO R A S5
Iy F G A AR A T, Lent 05T T NTO X4
AR K BT A7 300 2 8 0 HH IR R 20 B A 52 el e e R
SO R MW ZL 2% F W, # 8 4%4 T 250, 500,
1000 mg-kg ' I NTO., SLEA5 R K, 24 H KRB N
U R G IR B S {H 250 1500 mg-kg ™ 41K 2
JUHE f5E 43 I BEAIK 2 X BR 2 A 70% F1 35%,500 mg-kg™
AP 2T N AR 76%. BT KR, NTOFES
fR S8 AL BE ML T AR AR e Wi A B ) b, 4l BABL/C
/N 2R H Y % NTO(500,1000 mg-kg™") 14 d, §
BOKS + 40 i & AR M

15— TR Y H A< 68 35 #4709 Stk & 0RO
I 2SI AR 2 LA SR NTO M2 3 1 O B 4
AUV R A R R A = R 41 (2000 mg-kg™) HY,
WP 45 306 A T e B NT O 24 24 /NI H B 3L 55 2 0
e WA A 22 TR EAE R 5100 mg-kg™ A1 500 mg-kg ™' 4
UURTENE G Ry NS R T O A L oy ik S T TN =
75 20405 59 /) il 55 T T S AR AE 2 AL, B R R
WO R o BR TR, MEME RS 3% S 4 0 Y NTO
(1000 mg-kg™)5 KJa , HIFAL A 2 Jal il 710 5% 55 1
PEAL T HhE B S S (R K SFM & S HAT M.
2.8 HATO

HATO & —F il B & A8 g fb & 0 BT
F W HATO Jo s 1L 3 1, (5 B A IR ORGP, HOX i i
RGN R G A TR

SPIFFERM, 2EL T G FE HATO 2000 mg-kg™
SWERBAEGRKERE, FBERKREKERT . B
PG % A HR S 55 b, 100 mg HATO 28 72 i 45 it
PV D IS5 R A i A | HR S S 7 A R R IR
AR, X F W HATO 2 — Fh BRI 3k 9 5, % S iR B A
Hh R SRR

FE— T 2 P2 OB PR 5E v, SD R R4 1 Y 5
HATO(7.8,15.6,31.2 mg-kg™)28 d. JfiRBELE LM,
HATO(15.6 mg-kg™ F131.2 mg-kg™") YL K FH B
JUE i 5 AR R D (R BB A A B R i £
0 20 6 7K T 8 2 T, R RRE SV . X R B HATO
& — P R G EE R BT, T B AR Y
4 5 A AL TR ARG I 2 7R, HATO Al S 80Kk R E P
BE I 2y R e 0, 5035 VR R 58, S BOBE i T SR
Bk
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ADN & — Bl 1.1 Gk KM SRR, AT R AR
B i B, AR R K BT e AR S W RIEZS o 3
Y IIF 5 45 S 2 W, ADN S 2 JEk R HIR g G ) s b L (0 2L
HEHKE RBEE,

REOAS M2 1250 5(30.8,61.6,123 mg-kg™)
SR I, ADN BEVEME M 288 B AL, vl &
FOR BRI h ST R R A R S R S )
FIHE S K RO At 4 R F IR (250, 500,
1000 mg-kg™,28 d)Hr, & ] 4 21 K U 20 20 i1 B 45
P ZE L JFF A MK i IR B8 A5 3 Mg AR

ADN f71E M) 58 19 A 5H & & 35 7, MEME SD K RUTE
KA S ADN B K (2 g-L™) Ji , A8 B 16 80 1 R 48 BOf
TG 77 e B B S AR T AR 0 R R AT B
K07 i — o &, AL 5 % #% T ADN 1 53
WE P R BV JiR 5 IR R 0 . FE AR IR IS 55 2 K, ADN %
RIS A TS, 25 EIREHE 4 K, %
4 98% I Jif Ok B B SR EE W s e, JF 8138 7
BT, 41% B IRIG AR AL T 2~6 A0 M, 59% IR
R AL, KRS WA AT T4 B A b o kA, 50 IR 2
b5, ADN e 35 K BRUAY I3 22 T 7L 3 M — /Ko
A7 7F d 35 25 5100 3k R ADN X KRR 4
RYGAFTE THRAIEN
2.10 B IELEY

H X TR 8 & sk S in e/ 2L S el &9
JC B MR ST G N T AR RS AR AL S W FE
U AR ST S BN K BN B (HINS) |
S AR (TATB) (2, 6- 2 BE-3, 5- fif Bk
WE-1- 4k ¥ (LLM-105) AT % 38 /N BB % B W3 20 g
RAW264.7 4 Jifi I8 5 #5136 4 i P 48010 030 0
2K % HNS . TATB .LLM-105 X Ji.£F 2 41 it L929 [] #f
B AN, HNS TATB 8] B 78 L929 41 Jify Jik 5¢ %
P, 51 & IEAETS . LLM-105 38 i 7= A S Ak N 3, 51
240 B R T 2 I A A S AR TR RO

/3\
AN
(=)

3 INEERE

2R a5 NS AR AL B Gk 85%~
99% , H P11y 8 4 AL B Al AR 8 2840, EL MR A R a0
FRAE AT DAAE 2 LS LR BRI AR . Bk, 7R s
SCR A, KB N B T AR A & FE R
SRS . SRR AL G Y X 5L Bh W A AR £ R A
ML HET ARRE T S Wt & bt 3R .
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RS T 16 R E REAL A W R LR 4 1 EE M RO
M4 %%, X TNT, RDX. HMX, CL-20. FOX-7 .
DNAN . NTO . HATO J ADN 9 fh %1 & 681k & 4
) BE T SN VA A AN
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A,
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(2) &1 X 5 g Ak A5 W i 700 35 M R0, 0 38 ) R By
P AR BT

(3)FF B A & etk & W s A 5T

(4) B — 3 Re A6 5 W 19 55 P AF 5 PT RE XE LA 2 K
FE25IR A W 1 35 M 800 40 BT, 5 SR 5 L DA KR 2R
B WX G AT 24 E LG W ) B A
RONE, W K KE IR G T & S Re L B R ER G
PERIN S A

N XK 2023 % F 314 H 78 (729-740)



736 B /NS R K B AR R, s R

&% 30k B S PR S O], b B Tk B 42, 2020, 33(6)

[1] TAN B, LIAO L, ZHOU Y, et al. Toward the toxicology of 5237524
some nitro-compounds [J]. Modern Organic Chemistry Re- GAO Wen-zhi, LI Cun-zhi, LIU Zhi-yong, et al. Acute toxici-
search, 2018, 3(1):111-121. ty of 1, 1’-dihydroxy-5, 5'-bitetrazole dihydroxylamine salt[]].

[2] PICHTEL J. Distribution and fate of military explosives and pro- Chinese Journal of Industrial Medicine, 2020, 33 (6) :
pellants in soil: A review []]. Applied and Environmental Soil 523-524.

Science, 2012, 2012:1-33. [15] 283G, Rk, A, 581,17 -28 k-5, 5/ -1 Iy ws — 5 e 46

[3] LACHANCE B, ROBIDOUX P Y, HAWARI J, et al. Cytotoxic KRB 2 P22 3 ()], 3R5E S RS, 2020, 37(1):
and genotoxic effects of energetic compounds on bacterial and 84-88+95.
mammalian cells in vitro [J]. Mutation Research, 1999, 444 LI Cun-zhi, LIU Zhi-yong, LU Qing, et al. Subacute oral toxic-
(1):25-39, ity of 1, 1’-dihydroxy-5, 5'-bitetrazole dihydroxylamine salt in

[4] ALBORG G J, EINIST6 P, SORSA M. Mutagenic activity and rats[)]. Journal of Environment and Health, 2020, 37(1): 84—
metabolites in the urine of workers exposed to trinitrotoluene 88+95.

(TNT) [J]. British Journal of Industrial Medicine, 1988, 45 [16] JE/NBK, 0, 59, . HBRE W 2L s )] h
(5): 353-358. B T BE2# 2535, 2021, 34(3): 230-232+289.

[5] CHARLES P T, ADAMS A A, DESCHAMPS | R, et al. Detec- FAN Xiao-lin, WANG Hong, LU Qing, et al. Subacute percu-
tion of explosives in a dynamic marine environment using a taneous toxicity of ammonium dinitrate[J]. Chinese Journal of
moored TNT immunosensor [J]. Sensors (Basel) , 2014, 14 Industrial Medicine, 2021, 34(3): 230-232+289.

(3): 4074-4085. [17] xdok, mBsE, T, & NP HRNEARSL LT EELE O

[6] National Center for Biotechnology Information, The United BRI ] Tl TS WO AG, 2018, 44(4): 255-259.
States National Library of Medicine. PubChem [DB/OL]. LIU Zhi-yong, GAO Jun-hong, WANG Hong, et al. Experi-
https://pubchem.ncbi.nlm.nih.gov mental study on subchronic oral toxicity of hexabenzyl-

(7] B, X a7k, 250708, 45 NI IR — Al Tk 4 £h 1Y 200k 3 b a8 hexaazaisowoodethane []]. Industrial Hygiene and Occupa-
L] W0 S5, 2020, 36(14): 1914-1916. tional Diseases, 2018, 44(4): 255-259.

YANG Zhao, LIU Zhi-yong, LI Cun-zhi, et al. Acute toxicity (18] FE3CEE, XA, EEIL, 5. S0 EEN B 5024 be 1 e 28
of N-amidourea dinitrohydridium salt [J]. Occupational and PER G HERF T )], A2 sy 8 BAEHR R 44k, 2007, 25(1):
Health, 2020, 36(14): 1914-1916. 41-42.

[8] iy, mfes, Xk, 4. 3, 4-% (4" -2 Fek g £L-37) & fb kg DU Wen-xia, LIU Ya-jie, WANG Yu-ling, et al. Mutagenicity
MR R At g B S I ()], MRBE S AR, 2014, and teratogenicity study of hexanitrohexaazaisowuzane []].
31(8).:723-725. Chinese Journal of Occupational Diseases in Labor Hygiene,
WANG Hong, GAO Jun-hong, LIU Zhi-yong, et al. Experi- 2007,25(1): 41-42.
mental study on subacute oral toxicity of rats by 3, 4-bis [19] DILLEY J V, TYSON C A, SPANGGORD R J, et al. Short-term
(4'-aminofurazano-3") furoxanl[)]. Journal of Environment and oral toxicity of 2,4, 6-trinitrotoluene in mice, rats, and dogs
Health, 2014,31(8):723-725. [J]. Journal of Toxicology and Environmental Health, 1982, 9

(9] mRZE Mk, £, 5 1,3, 3- =4 B A AN T e i 2t 2 1 (4): 565-585.

WEFE[)]. 388 5k E 2 5 ,2016,33(3) : 261-262. [20] BARDAI G, SUNAHARA G I, SPEAR P A, et al. Effects of di-
GAO Jun-hong, LIU Zhi-yong, WANG Hong, et al. Acute tox- etary administration of CL-20 on Japanese quail Coturnix cotur-
icity of 1, 3, 3-trinitroazetidine[J]. Journal of Environment and nix japonical)]. Archives of Environmental Contamination and
Health, 2016, 33(3):261-262. Toxicology, 2005, 49(2): 215-222.

[10] QUINN M J, CROUSE L C, MCFARLAND C A, et al. Repro- [21] CROUSE L C, LENT E M, LEACH G J. Oral toxicity of 3-ni-
ductive and developmental effects and physical and chemical tro-1,2,4-triazol-5-one in rats [J]. International Journal of Tox-
properties of pentaerythritol tetranitrate (PETN) in the rat[J]. icology, 2015, 34(1): 55-66.

Birth Defects Research Part B: Developmental and Reproduc- [22] 2,4-Dinitroanisole (DNAN)(2014)[]]. Toxicology and Indus-
tive Toxicology, 2009, 86(1):65-71. trial Health, 2018, 34(1): 2-7.

(1] wRZE, T, Rk, 5.1, 1-2a -2, 2- W oM 2tk [23] LINDER R E, HESS R A, STRADER L F. Testicular toxicity and
TR, AR Tk a2, 2015, 28(2):120-121. infertility in male rats treated with 1, 3-dinitrobenzene [J].
GAO Jun-hong, WANG Hong, LIU Zhi-yong, et al. Acute tox- Journal of Toxicology and Environmental Health, 1986, 19
icity of 1, 1-diamino-2, 2-dinitroethylene[]].Chinese Journal of (4): 477-489.

Industrial Medicine, 2015, 28(2):120-121. (24] Wzl , A, T, 4.1, 1-28-2, 2- R SR 0 HEPE R

[12] WOODY R C, KEARNS G L, BREWSTER M A, et al. The neu- BUPE WK P a2 mr ()], b Tl B 22 255, 2019, 32(4)
rotoxicity of cyclotrimethylenetrinitramine (RDX) in a child: a 303-305+337.
clinical and pharmacokinetic evaluation[)]. Journal of Toxicol- GAO Yong-chao, SUN Chao, WANG Hong, et al. Effect of 1,
ogy: Clinical Toxicology, 1986, 24(4): 305-319. 1-Diamino-2, 2-dinitroethylene on sex hormone levels in male

[13] SCHNEIDER N R, BRADLEY S L, ANDERSEN M E. Toxicology rats[)]. Chinese Journal of Industrial Medicine, 2019, 32(4) .
of cyclotrimethylenetrinitramine: Distribution and metabolism 303-305+337.
in the rat and the miniature swine[J]. Toxicology and Applied [25] wakis, PV, 9, 4 1,1- 532, 2- il A 2 E T R R 2
Pharmacology, 1977, 39(3): 531-541. Jubr GBS SRS [)]. BRI 52, 2019, 36(3): 254-

[14] @3CHh, B4R, XEK, .1, 1 -8 A5, 57 -1 Uk — 2 g 255+282.

Chinese Journal of Energetic Materials, Vol.31, No.7, 2023 (729-740)

Sttt

www.energetic-materials.org.cn



gl

=

GRS W R AT S RS R

o

737

[28]

GAO Yong-chao, SUN Chao, WANG Hong, et al. Effect of 1,
1-Diamino-2, 2-dinitroethylene on Testicular Marker Enzyme
Activity in Rat[]]. Journal of Environment and Health, 2019,
36(3): 254-255+282.

Xk, SeMMLL, T, 11T -2, 2- TR 2 X R
BOwg iy WE AT )], A 57 g LA B g 44 35, 2016, 34(1):
47-49.

LIU Zhi-yong, ZHANG Pan-hong, WANG Hong, et al. Tera-
togenic effects of 1, 1-diamino-2, 2-dinitroethylene in rats[]].
Chinese Journal of Occupational Diseases in Labor Health,
2016, 34 (1): 47-49.

LANE R W, SIMON G S, DOUGHERTY R W, et al. Reproduc-
tive toxicity and lack of dominant lethal effects of 2, 4-dinitro-
toluene in the male rat[J]. Drug and Chemical Toxicology,
1985, 8(4): 265-280.

PILBERT M A, NOLAN C C, CREMER ] E,
3-Dinitrobenzene-induced encephalopathy in rats [J]. Neuro-
1987, 13 (5)

et al. 1,

pathology and Applied Neurobiology,
371-389.

JOHNSON M S, MCFARLAND C A, Bazar M A, et al. Toxici-
ty of octahydro-1, 3, 5, 7-tetranitro-1, 3, 5, 7-tetrazocine
(HMX) in three vertebrate species[J]. Archives of Environmen-
tal Contamination and Toxicology, 2010, 58(3): 836—843.
LENT E M, CROUSE L C, WALLACE S M. Oral Toxicity of 2,
4-Dinitroanisole in Rats[J]. International Journal of Toxicolo-
gy, 2016, 35(6): 692-711.

JACKOVITZ A M, KOISTINEN K A, LENT E M, et al. Neuro-
muscular anomalies following oral exposure to 3-nitro-1, 2,
4-triazol-5-one(NTO) in a one-generation study with Japanese
quail (Coturnix japonica) [J]. Journal of Toxicology and Envi-
ronmental Health- Part A, 2018, 81(15): 718-733.

RYON M G and ROSS R H. Water quality criteria for 2, 4,
6-trinitrotoluene [J]. Regulatory Toxicology and Pharmacolo-
gy. 1990, 11(2): 104-113.

TG B FE, RMOE S O TNT B 51 41 R A 97 B
FE[)]. AR ,2016,37(3):530-531.

QIN Zheng-huo, HUANG Xu-eyan, ZHU Lin-ping. Clinical
treatment of 51 cases of occupational TNT cataract [J]. Jilin
Medical Journal, 2016, 37(3):530-531.

BOLT H M, DEGEN G H, DORN S B, et al. Genotoxicity and
potential carcinogenicity of 2,4, 6-TNT trinitrotoluene: struc-
tural and toxicological considerations[]]. Reviews on Environ-
mental Health, 2006, 21(4): 217-228.

SABBIONI G, LIU Y Y, YAN H, et al. Hemoglobin adducts,
urinary metabolites and health effects in 2, 4, 6-trinitrotoluene
exposed workers [J]. Carcinogenesis, 2005, 26 (7) : 1272~
1279.

2, 4, 6-Trinitrotoluene [M].
Evaluation of Carcinogenic Risk to Humans,
449-475.

HARTH V, BOLT H M, BRUNING T. Cancer of the urinary

bladder in highly exposed workers in the production of dinitro-

Lyon: IARC Monographs on the
1996, 65:

toluenes: A case report[]]. International Archives of Occupa-
tional and Environmental Health, 2005, 78(8): 677-680.
TCHOUNWOU P B, NEWSOME C, GLASS K, et al. Environ-
mental toxicology and health effects associated with dinitrotol-
uene exposure [J]. Reviews on Environmental Health, 2003,
18(3): 203-229.

CHINESE JOURNAL OF ENERGETIC MATERIALS

[39]

[40]

[43]

[44]

[46]

[53]

[54]

e

STAYNER L T, DANNENBERG A L, BLOOM T, et al. Excess
hepatobiliary cancer mortality among munitions workers ex-
posed to dinitrotoluenel)]. Journal of Occupational Medicine,
1993, 35(3): 291-296.

HOMMA-TAKEDA S, HIRAKU Y, OHKUMA Y, et al. 2, 4,
6-trinitrotoluene-induced reproductive toxicity via oxidative
DNA damage by its metabolite []].
2002, 36(5): 555-566.

BEIR DL . =l % B 20 TR B985 (9 A b ()], v
TGS HL, 2009, 25(2): 196-197.

XUE Xiao-bo. Investigation and analysis of eye damage of trini-

Free Radical Research,

trotoluene workers[)]. Chinese Journal of Public Health Man-
agement, 2009, 25(2): 196-197.

SARWAT S, AKHTAR A, Dayan S F A, et al. Ring-shaped cat-
aract and urinary metabolites among 2, 4, 6-trinitrotoluene ex-
posed population of Pakistan [J].
gy, 2022, 42(8): 2619-2624.
LI'Y, JIANG Q G, YAO S Q, et al. Effects of exposure to trini-
trotoluene on male reproduction[J]. Biomedical and Environ-
mental Sciences, 1993, 6(2): 154-160.

LIU H X, QIN W H, WANG G R, et al. Some altered concen-

trations of elements in semen of workers exposed to trinitrotol-

International Ophthalmolo-

uene[)]. Occuppational and Environmental Medicine, 1995,
52(12): 842-845.

STONE W J, PALETTA T L, HEIMAN E M, et al. Toxic effects
following ingestion of C-4 plastic explosivel]]. Archives of In-
ternational Medicine, 1969, 124(6): 726-730.

BURDETTE L J, COOK L L, DYER R S. Convulsant properties
of cyclotrimethylenetrinitramine (RDX) : Spontaneous audio-
genic, and amygdaloid kindled seizure activity[J]. Toxicology
and Applied Pharmacology, 1988, 92(3): 436-444.

DAVIES JO, ROBERTS DM, HITTARAGE A, et al. Oral C-4
plastic explosives in humans-case series[)]. Clinical Toxicolo-
gy. 2007 ,45:454-457.

KUCUKARDALT Y, ACAR H V, OZKAN S, et al. Accidental
oral poisoning caused by RDX (cyclonite) : A report of 5 cases
[J]. Journal of Intensive Care Medicine. 2003,18(1):42—46.
BANNON D I. Biomarkers of RDX exposure in breath of swine
[R]. Aberdeen Proving Ground (MD) : US Army Public Health
Command Directorate of Toxicology Health Effects Research
Program, 2020.

MAJOR M A, REDDY G. Metabolite profiling of [ 14C Jhexahy-
dro-1, 3, 5-trinitro-1, 3, 5-triazine (RDX) in Yucatan miniature
pigs [J1. Journal of Toxicology and Environmental Health.
2007,70(14):1191-1202.

OZHAN G, TOPUZ S, and ALPERTUNGA B. Determination
of Cyclonite (RDX) in Human Plasma by High-Performance
Liquid Chromatography[)]. Farmaco. 2003,58(6) :445-448.
ZHANG B, PAN X. RDX induces aberrant expression of mi-
croRNAs in mouse brain and liver [J]. Environmental Health
Perspectives, 2009, 117(2): 231-240.

WILLIAMS L R, WONG K, STEWART A, et al. Behavioral and
physiological effects of RDX on adult zebrafish [J]. Compara-
tive Biochemistry and Physiology Part C: Pharmacology, Toxi-
cology and Endocrinology, 2012, 155(1): 33-38.

DAVIES | O, ROBERTS D M, HITTARAGE A, et al. Oral C-4
plastic explosive in humans-a case series[)]. Clinical Toxicolo-
gy (Phila), 2007, 45(5): 454—457.

2023 % F 314 H 78 (729-740)



738 BN X &K AR B, R
[55] WILLIAMS L R, ARONIADOU A V, QASHU F, et al. RDX (e8] siMUff, f2)IME , BRI, 4. BATA Ml T AR 4T N 2h
binds to the GABA(A) receptor-convulsant site and blocks GA- fersZm [)]. Tk A S, 1998, 24(2): 94-96.
BA(A) receptor-mediated currents in the amygdala: A mecha- ZHANG Shuang-bao, YAN Chuan-xin, XUE Xiu-ying, et al.
nism for RDX-induced seizures[J]. Environmental Health Per- Effect of octogen on neurobehavioral function of workers [J].
spectives, 2011, 119(3): 357-363. Industrial Hygiene and Occupational Diseases, 1998, 24(2) :

[56] GUST K A, WILBANKS M S, GUAN X, et al. Investigations of 94-96.
transcript expression in fathead minnow (Pimephales prome- [69] J7NIeE, BAET, TRAEH, 45 . W 50 dE4 X 1Rk T A8 Bl v 22 4%
las) brain tissue reveal toxicological impacts of RDX exposure SRR )] Tl A S BUER . 2003, 29(1): 4-7.

[J]. Aquatic Toxicology, 2011, 101(1): 135-145. YAN Chuan-xin, CHENG Xian-sheng, ZHANG Yan-wei, et

[57] GUST K A, BRASFIELD S M, STANLEY J K, et al. Genomic in- al. Effect of Octogen on peripheral nerve conduction velocity
vestigation of year-long and multigenerational exposures of fat- of workers[}]. Industrial Hygiene and Occupational Diseases,
head minnow to the munitions compound RDX []J]. Environ- 2003, 29(1): 4-7.
mental Toxicology and Chemistry, 2011, 30(8): 1852-1864. [70] wRKL, BHEM, BRE, 5. EA CL-20 K 25 £ R K 4

[58] GUST KA, PIROOZNIA M, QUINN M J, Jr., et al. Neurotoxi- [)]. kHEZh244, 2022, 45(3): 290-299.
cogenomic investigations to assess mechanisms of action of PENG Cui-zhi, ZHAO Chun-liu, MAO Chang-yong, et al.
the munitions constituents RDX and 2,6-DNT in Northern bob- Analysis of foreign CL-20 explosive technology development
white (Colinus virginianus)[J]. Toxicological Sciences, 2009, [J]. Chinese Journal of Explosives & Propellants, 2022, 45
110(1): 168-180. (3):290-299.

[59] BANNON D I, DILLMAN J F, HABLE M A, et al. Global gene [71] LIC, DENG H, LIU Z, et al. Salidroside protect Chinese ham-
expression in rat brain and liver after oral exposure to the ex- ster V79 cells from genotoxicity and oxidative stress induced
plosive hexahydro-1, 3, 5-trinitro-1, 3, 5-triazine (RDX) [J]. by CL-20. Toxicology Research (Camb) , 2023, 12 (1) :
Chemical Research in Toxicology, 2009, 22(4): 620-625. 133-142.

[60] DENG Y, Al J, GUAN X, et al. MicroRNA and messenger (721 B0, HE0, & EMK, 2 FOX-7 14 b HAE JOHE 25 i
RNA profiling reveals new biomarkers and mechanisms for JUWEFE R ()], etk 50 5 i 440k, 2022, 20(6): 1-7.
RDX induced neurotoxicity[)]. BMC Genomics, 2014,15. LV Ting-chuan, ZHAN Ming-ming, LU Guo-lin, et al. Re-

[61] EHRICH M, WU X, WERRE S R, et al. Calcium signaling in search Progress on Synthesis of FOX-7 and Its Application in
neuronal cells exposed to the munitions compound cyclotri- Explosives [J]. Chemical Propellants and Polymer Materials,
methylenetrinitramine (RDX)[J]. International Journal of Toxi- 2022, 20(6): 1-7.
cology, 2009,28:425-435. [73] WA, BH, Rk, % .1,1- 28 %2, 2- i 5L 24 % i 5L

[62] AHMAD F, SCHNITKER S P, NEWELL C J. Remediation of S AN I AR PR ST ()], i E Tk BR 242555, 2021, 34(4):
RDX-and HMX-contaminated groundwater using organic 329-331.
mulch permeable reactive barriers[)]. Journal of Contaminant GAO Yong-chao, ZHAO Bin, LIU Zhi-yong, etal. 1,1-Diami-
Hydrology, 2007, 90(1-2): 1-20. no-2, 2-dinitroethylene mutagenicity in mammalian cells [J].

[63] AN C, SHI Y, HE Y, et al. Effect of Different Carbon Sub- Chinese Journal of Industrial Medicine, 2021, 34 (4) .
strates on the Removal of Hexahydro-1,3,5-Trinitro-1,3,5-Tri- 329-331.
azine (RDX) and Octahydro-1,3,5, 7-Tetranitro-1,3,5, 7-Tet- [74] NAIR U R, ASTHANA S N, RAO A S, et al. Advanced in high
razocine (HMX) by Anaerobic Mesophilic Granular Sludge energy materials [J]. Defence Science Journal. 2010, 60(2) :
[J]. Water, Air, and Soil Pollution, 2014, 225(11): 2174. 137-151.

[64] ZOH K D, STENSTROM M K. Fenton oxidation of hexahy- [75] wisKko, F53CH, &8, % RBRAMS 1,1 - 282, 2- 2
dro-1, 3, 5-trinitro-1, 3, 5-triazine (RDX) and octahydro-1, 3, F A A Sy FHr s )] b E Tl R 2= 24, 2020, 33
5, 7-tetranitro-1, 3, 5, 7-tetrazocine (HMX) [J]. Water Re- (4):327-329.
search, 2002, 36(5): 1331-1341. GAO Yong-chao, QI Wen-juan, ZHAO Qiong, et al. Toxico-

[65] /5, skmrer, mfs:, 5.1, 1-25 -2, 2- g 4 S0 6 K kinetics of acute oral 1, 1-diamino-2, 2-dinitroethylene in rats
Watka i) ] B 5B, 2016, 33(3): 263- [J]. Chinese Journal of Industrial Medicine, 2020, 33 (4) :
266+282. 327-329.

LU Qing, ZHANG Pan-hong, GAO Jun-hong, et al. Study on [76] @k, FF3CM0, &30ih, & NRABMESR T EE,1- 282,
subacute oral toxicity of rats by 1, 1-diamino-2, 2-dinitroethyl- 2- i B 0 B AL A B R AE ()] rp T R AR R
ene[J]. Journal of Environment and Health, 2016, 33(3) : 2021, 34(3):229-230+289.

263-266+282. GAO Yong-chao, QI Wen-juan, GAO Wen-zhi, et al. Tissue

[66] B W A. Determination of the acute and subchronic mammali- distribution and metabolic characteristics of acute oral expo-
an toxicity of HMX. AD A173743 [R]. United States Army sure of 1, 1-diamino-2, 2-dinitroethylene in mice[]]. Chinese
Medical Research and Development Command, Fort Detrick, Journal of Industrial Medicine, 2021, 34(3):229-230+289.
Frederick, MD, 1985. [77] /595 IRBRET, MR 5 R, -8 -2, 2- i 3k 440 AR

[67] MEDA A, SANGWAN P, BALA K. Optimization of process pa- PEZ BRI ] T EBOLEE S, 2017, 44(1):48-54.

rameters for degradation of HMX with Bacillus toyonensis us-
ing response surface methodology [J]. International Journal of
Environmental Science and Technology, 2020, 17 (11) :

4601-4610.

Chinese Journal of Energetic Materials, Vol.31, No.7, 2023 (729-740)

Sttt

LU Qing, ZHANG Pan-hong, GAO Jun-hong, et al. Study on
chronic oral toxicity of 1, 1-diamino-2, 2-dinitroethylene in rats
[J]. Chinese Journal of Occupational Medicine, 2017, 44(1):
48-54.

www.energetic-materials.org.cn



GRS W R AT S RS R

739

[78]

[79]

[80]

[81]

[82]

[83]

[84]

[85]

[86]

[87]

[88]

[89]

[90]

R ORI PE ST R -2, 2- T IR LR SV e R X
/I Bl B0 2R R T M G A e I Y S (). BR R R
2018, 35(7):635-636+659.

GAO Yong-chao, WANG Hong, SUN Chao, et al. Effect of
acute poisoning of 1, 1-diamino-2, 2-dinitroethylene on chro-
mosomal aberrations in primary spermatocytes in mice [J].
Journal of Environment and Health, 2018, 35 (7) : 635—
636+659.

SORBRE, AR, WRIA, B2, 4- TR HUBE(DNAN) 05 1
FEZGRTFE b ()], S aebr A, 2020, 28(1): 13-24.

MENG Jun-xuan, ZHOU Lin, CAO Tong-tang, et al. Research
Progress on 2, 4-Dinitroanisole (DNAN)-based Casting Explo-
sives [J]. Chineses Journal of Energetic Materials (Hanneng
Cailiao) , 2020, 28(1): 13-24.

MCMAHON R E, CLINE J C, THOMPSON C Z. Assay of 855
test chemicals in ten tester strains using a new modification of
the Ames test for bacterial mutagens [J]. Cancer Research,
1979, 39(3): 682-693.

HOYT N, BRUNELL M, KROECK K, et al. Biomarkers of oral
exposure to 3-nitro-1, 2, 4-triazol-5-one (NTO) and 2, 4-dini-
troanisole (DNAN) in blood and urine of rhesus macaques
(Macaca mulatta)[J]. Biomarkers, 2013, 18(7): 587-594.
LENT EM, CROUSE L, HANNA T, et al. The subchronic oral
toxicity of 2, 4-dinitroanisole (DNAN) in rats[RJ. U S. Army,
Institute of Public Health, Aberdeen Proving Ground, MD.
2012.

DODD D E and MCDOUGAL J N. Recommendation of an Oc-
cupational Exposure Level for PAX-21[R]. Air Force Research
Laboratory, Wright-Patterson Air Force Base, OH. 2002
R, KK, R, 5L 52, 4- TS H R N AR AR TR
Al i FE IR AR A ()] v Dl B AE e ik, 2018, 31 (4)
298-299.

GAO Jun-hong, LIU Zhi-yong, WANG Hong, et al. Investiga-
tion on occupational health status of workers in a 2, 4-dini-
troanisole production line [J]. Chinese Journal of Industrial
Medicine, 2018, 31(4): 298-299.

HANAFI S, TRACHE D, ABDOUS S, et al. 5-Nitro-1, 2, 4-tri-
azole-3-one: A Review of Recent Advances[]]. Chinese Jour-
nal of Energetic Materials (Hanneng Cailiao) , 2019, 27(4):
326-347.

LONDON J E, and SMITH, D M. Toxicological study of NTO
[R]. Los Alamos,NM: Los Alamos National Laboratory, 1985.
KIRBY P E. in the L5178Y

TK+/-Mouse lymphoma mutagenesis assay with colony size

Evaluation of a test article

evaluation in the presence and absence of induced rat liver S-9
with a confirmatory study[ D]. Rockville, Maryland: SITEK RE-
SEARCH LABORATORIES:2008.

MULLINS A B, DESPAIN K E, WALLACE S M, et al. Testicular
effects of 3-nitro-1, 2, 4-triazol-5-one (NTO) in mice when ex-
posed orally[}]. Toxicology Mechanisms and Methods, 2016,
26(2): 97-103.

LENT EM, CROUSE L C, Wallace S M, et al. Peri-pubertal ad-
ministration of 3-nitro-1, 2, 4-triazol-5-one (NTO) affects re-
productive organ development in male but not female Sprague
Dawley rats[J]. Reproductive Toxicology, 2015, 57:1-9.
CROUSE L C, O'NEILL A J. Acute Inhalation Toxicity and
Blood Absorption of 3-Nitro-1, 2, 4-Triazol-5-One (NTO) in
Rats [R]. Aberdeen Proving Ground, MD: U.S. Army Public

CHINESE JOURNAL OF ENERGETIC MATERIALS

[91]

[92]

[93]

[96]

[99]

Health Command, 2013.

LENT E M, NARIZZANO A M, KOISTINEN K A, et al. Chron-
ic oral toxicity of 3-nitro-1, 2, 4-triazol-5-one (NTO) in rats
[J]. Regulatory Toxicology And Pharmacology, 2020, 112:
104609.

sk, FAE, FWeWE, 551, 1- TR SE-5, 5 UM TR R L AR
M2 P R B SR ()] K2 AR A, 2022, 45(1)
20-29.

ZHANG Kun, WANG Jian, WANG Xiao-feng, et al. Research
progress on application of 1, 1’-dihydroxy-5, 5'-bitetrazole di-
hydroxylamine salt in explosives[)]. Chinese Journal of Explo-
sives & Propellants, 2022, 45(1): 20-29.

AR, R, M, S 1,1 TR RS, 5 IR DY M TR
B3 L T AF S D). I T R 2 20K, 2020, 33(6)
520-522.

LI Cun-zhi, LIU Zhi-yong, ZHAO Bin, et al. Genotoxicity of
1,1’-Dihydroxy-5, 5'-bitetrazole dihydroxylamine salt[J]. Chi-
nese Journal of Industrial Medicine, 2020, 33(6): 520-522.
WK, WA, F, A RSB AR D] b E T
B4k, 2019, 32(3): 204-205.

FAN Xiao-lin, GAO Jun-hong, WANG Hong, et al. Acute tox-
icity of ammonium dinitrate [J]. Chinese Journal of Industrial
Medicine, 2019, 32(3): 204-205.

M, EER, R, 5 RS R 0 S R R T
RS ). A 97 3 T AR WO 22 &, 2011, 29(11) ¢
841-843.

DU Wen-xia, WANG Yu-ling, CHANG Zhi-giang, et al.
Study on acute toxicity and subchronic toxicity of ammonium
dinitrate [J]. Chinese Journal of Occupational Diseases in La-
bor Health, 2011, 29(11): 841-843.

/NI, EW, N, S RSB B R S RS B R L)), R
B Tl BE 22k, 2021, 34(3): 230-232+289.

FAN Xiao-lin, WANG Hong, LU Qing, et al. Subacute percu-
taneous toxicity of ammonium dinitrate[]]. Chinese Journal of
Industrial Medicine, 2021, 34(3): 230-232+289.

KINKEAD E R, WOLFE R E, FLEMMING C D, et al. Reproduc-
tive toxicity screen of ammonium dinitramide administered in
the drinking water of Sprague-Dawley rats[J]. Toxicology and
Industrial Health, 1995, 11(4): 437-448.

KINKEAD E R, WOLFE R E, FELDMANN M L. Dose-(and
time-) dependent blockade of pregnancy in Sprague-Dawley
rats administered ammonium dinitramide in drinking water
[J]. Toxicology and Industrial Health, 1996, 12(1): 59-67.
GRAETER L J, WOLFE R E, KINKEAD E R, et al. Effects of am-
monium  dinitramide on preimplantation embryos in
Sprague-Dawley rats []].
1998, 14(6): 789-798.

Toxicology and Industrial Health,

[100] JF 4l , # 5, X M), 45 . 94 >k HNS, TATB & LLM-105 &

RAW264.7 [ I 240 i 75 1 B JCHL I D)), & se 44 8L, 2020, 28
(8):792-797.

TANG Can, HUANG Bing, LIU Liu, et al. Cytotoxicity and
of Nanoscale HNS, TATB and LLM-105 to
RAW264.7 Macrophage [J]. Chinese Journal of Energetic Ma-
terials (Hanneng Cailiao) , 2020, 28(8):792-797.

Mechanisms

(107 ] Rl . =gl oKk 8 & REA RS PERI AT S (D ] R ER |, V4 R 2 il K

e

#:,2020.
TANG Can. Study on toxicity of three nanoscale energetic ma-

terials[ D ]. Chengdu:Southwest Jiaotong University, 2020.

2023 % F 314 H 78 (729-740)



740 PR, XU B AP XHE 5 1 %

Research Progress of Toxicology of Typical Energetic Compounds

LU Xiao-qgiang'?, LIU zhi-yong', LI Cun-zhi'?, DENG Hui'?, GAO Jun-hong'’
(1. Toxicology Research Center, Institute for Hygiene of Ordnance Industry, Xi'an 710065, Chinas; 2. Xi'an Key Laboratory of Toxicology and Biological
Effect, Xi'an 710065, China)

Abstract: The typical energetic compounds represented by 2,4, 6-trinitrotoluene (TNT) have multiple toxic effects, which seri-
ously threaten the life and health of of production personnel. In order to comprehensively understand the toxic effects of various
typical energetic compounds, TNT, cyclotrimethylene trinitramine (RDX), cyclotetramethylene tetranitramine (HMX), hexani-
trohexaazaisowoodane (CL-20), 1, 1-diamino-2, 2-dinitroethylene (FOX-7), 2, 4-dinitroanisole (DNAN) , 3-nitro-1, 2, 4-tri-
azol-5-one (NTO), 1, 1'-dihydroxy-5, 5'-bitetrazole dihydroxylamine salt (HATO) and ammonium dinitamide (ADN) 9 com-
mon typical energy compounds in mammals, and their main toxic effects were reviewed. It was pointed out that TNT has geno-
toxicity, carcinogenicity, reproductive toxicity and other toxic effects, which can lead to anemia, lens abnormalities, cataracts
and other toxic diseases. CL-20 with genetic toxicity, can induce deoxyribonucleic acid (DNA) oxidative damage and mutation.
RDX and HMX are neurotoxic substances and can induce neurotoxic symptoms such as epilepsy. NTO, ADN and FOX-7 have
strong reproductive toxicity and can damage the male reproductive system. DNAN and HATO have immune system toxicity, can
interfere withlymphocyte levels and damage the spleen. At the same time, it is suggested that the toxic mechanism of energetic
compounds should be further studied in the future. Strengthen the research of toxic protection technology of energetic com-
pounds, explore the toxic effect of new energetic compounds and the combined toxic effect of multi-energetic compounds.
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