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Diphlaci none, - (diphenvlacety 1--indeno-i,3(?H)-dione is a 
tent hvpepro t hrn1 i neni c (anti :oaqu 1ant) agent which has been 

ut i i ,zdas a In'odticide since the 1950's (MARTIN and WORTHING 
1977. ,:T,:. 1., Th'o,,er, ,cx,rination] of,- t O-ipu~blisS:de dataaon 
,Iiph l,i n r. ,,-1,1 nsifdeo b o vain atiori in acute toxicity for 
ra , -ln.. t in nnrchronic t1xi': i ty. Reported acute1itt1 'mat 

or 11 Lro 0, f vol, r.ir;V from .l rg qkq(GAINES 1969)
1':*: 


t 17 qL,,, ;_NT! .irid tACPTH 10)9 . CORR _L et aL. (195?) 
,1) 1n li't,'t D nf ;n/k .and 14-day chloiC 

ural I r - o, .1 -Pr jay. Tc our ::owlede, no defini­
tive , i t .ii it ittnti s !lpmiporld Ia',,l heen reported. 

The r, , i, ',r ', ibt i'no tile effects on albino 
1)o 'ato rv '' ts S t- tn -te IFfei d ig on low levels of diphaci­

nom,. , i lv,,i th wr'.: ras desi er.d as a dose level range­
f fil l,, t; ly [T: 1t o a 2-year or I chrnricliFet ime 
txN:i-it v invest io t inn. In add itinn to iurotality and clinical 

t:AipI t c t ., invest i qated physiologicalo; iF tox ion variorus 
in:d ia nrr tt.(otrilline if any pathological effects developed in 
Survi vin a im.l 1s. 

,ATERIALS AND METHODS
 

R a ts
 

Spr aqtle-Pw 1ly ra ts (.har' les iyer Breed i nq Lahor ator i e. 
v'0 Oh 110 bet;.oi !109-] . n the start of tne test, were 
1 nt if i ed by, r,rtib.r-d ear tacs, individua 1ly caged, and 
.1c Iiis tm l to0 borato,.Y conditions for- 7 days before testing. 
L iht, .in -eTiptaii:re in the test laboratory were automat­
ct,1 v -int Ilo ari mai nt iined i.e., 1( h lig.it/dark cycle 

'-f o0 ,owe,rea;7F Food t w.r lr ail able aJ l ibi turn;
 
hnf.,0,v', f,,i C t4o n1 v tie roods wiT-
,e i n of tes, no
 
a 1to-rmat,i v,-. ftei'Od
 

'er con'i t ia1 


endorsement hv' the Federal Goveriment or any of its agencies.
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Test foods 

Test f,ods were prepared with a tv'i ce recr'vstallizeo technical 
gQrde diphLi cinone htoined r-om the Motccico Chenical Conpany. 
The carrior Pi,r i n oh Chow in powdered form. Diphacinone 

was dissol v.-d il icee-o, ind thoroughly mixed into a measured 
aeounl t if t'm rit,'r Or' to form a 10 -ppm pr-em ix. The acetone was 
evapot'at' rff rod all test fond conceitrations were subsequently 
derive#d !,,,qoev',etrica 1 diluti on. 

The conro- frood was prepared i n the same manner except that 
d iph r: i re ,wa; cTi t ted. 

rPr)ce i,,u 

The ilve t i gat ion i nvo Ived two separate feeding studies, one of 
90 'to,'; dur'at iOr and a I ater ?1- lay study. The second study 

'as c,nducted as a consequence of results obtaine I in the first. 
The objective of the second study was to define a dose level 
where norta lit y %.,ac lear ly evi dent si nce this was not accom­
p1 isile( in fht first study. Essentially, the procedures fol­
Sow..ed wer'e the some or" each study. In the 90-day study, 16 

an imo Is ( 1 and .F) wort, fed one of six cOncentrations (0.5, 
0. 5 , 0.l-, 0.0625, 0.0313, and 0nppm) of diphacinone for a 
total 	of 0 6 r it,. In the 21-day study, 4 animals (2 %1 Ind 2 F) 

e'e fedo ne of seven diphac inone concentr-ations (4, 2, 1, 0.5, 
fi.an, 0.1S ard 0 ppm) for' a total of 2 rats. Each animal was 

-andr'I y as s i glad to I concern t rat i on, weighed immdiat ely before 

st art of the test, and weekly thereaft er. Food consumption was 
Celli ied hi)Cky we h-1 three times each week. Feeding con­

in011d for- the dorat i On Of each Study (i. . , 90 and 21 (lays, 

'-espect iv l) Vis 1a checks for- morta Iity, hemorrhage, or 
oress herivio,', I changes (e.g., oss of alertness) as clinical 
si gns of intox icat ion were made daily, hut animals were handled 

. Qi rligOrl V nn.'in (1 . 

1
9 - sY_ y Of tie ori gina] 06 animals, 1 ( and 1 F 
from , c' 1eve 1) were sacr ifi ced at and 12h 0C01tratiiOn 	 30 days 

'or-a at nrldays. Gross necropsy exami nations ant prothrombin 

ciI t ino time dotrrmi nati ons were performed on each to determi ne 

if any treoiment effect was evident at these two time periods. 

,co r- t I ag re eIrlt wS ImIde with E ars B i oR esearch Labora­
tor'ie s, Fort, Coil ins. CoIorado, to make pathological examinations 

and hI no c,'hern es' the animals.i stry on remai ni rig72 The 

,out cc-l- the tests accon-d in, to the method-riuc t! prot hromt in 
of ck ON'" HOUSE 1961P. At the end of the 90-day period, all 
7' an imal s .'ere exami ned for gross pat ho logy and 70 were included 
in tie hI od t ests and prnthrc%nbi n determinations. The 2 rats 

XC1 Jided! f-0orn lood xariinations had died during the study and 
hled cell,,ction was ,ot feasitle. The 70 surviving animals were 
anes t e i ,d %,ithchlroform, and h1nod was taken from the brach­
i,il irter-' of each for pr-othrcoiihin clotting time measurements, 
hem it eleqy, and clinical chemistry determirniot ions. The animals 

•.ere then oIthanized and riecropsies were performed. Blood from 

';W)r 



two males and two ferales, randomly -selected from each treatment 
group, was us ed for hrila tnloqy and clinical chemistry evaliacions. 

21 !,J-V Sd1(.y;: inc iity did occur theS'C* -tI riot it highest 
treatment 1evol (05 ppV', of tio 90-day study and only two deaths 
occurrod at lnw'r lovls, thu 'l-dav study was designed. In this 
study, thrF'' iqh-r ',iin tirtioris (i e., , 2, and 1 ppm) of 
diph "Ici ion' 1oI [o , a at mortalityV',,1'0, dot' mine point which 
might hr .,* ,t G,'ss icro!ui5 es wrt' performed on all animals 
a'id pr''ot hr , dte 'rliinri tinn erire curlducted on those euthanized 
it th' crld ,u t st udy. Holla toloqy and c 1 inicaI chemistry 
anialyses o r perf ormed in th is test.;.'e ot, 

RESULTS AND IISCUSSION 

90(lay study: No ahnormal iti es were evident at necropsy of the 
1. animais sacrificed at 20 days nor the 12 sacrificed at 60 
day.. Prot'iromh i n cI ott in t iimes of the animals that received 
dipharinone had a mean of 13. s, SD 0.8. Those that consumed 
unt reated fou had - mean of 13. s, SD 0.5. 

Tahi 1 s uiinua,-izos the r'osul ts of thi s tri al on the 72 remai ning 
animals . Two ani,;als died dur'ing tne lest, a male at 0.25 ppm 
arid a iale at 0 .06?5 ppm. Pnst-mortem eXai nati on revealed sub­
duiral h orr'rano as the prohale cause of death. Both of these 
aniuua ls and 10 others on diphacirione exhibited a pinkish eye
discharo inid s e lair lo, s around the eyes. These syfnptoms 
wereu -eon i1nfour' rats un t he 0. 1 5 ppm treaibent 1 evel and two 
rats ,r each of the ier1 i e s. The control animals did not 
,O\hihit thos siptoms. Prothrmuhbin clottiing titles for the 10 

iats hada i.,ar of !' ., s, SD 1.5. Prcthronhin LiMes for the 70 
animils aive at t he end of the study were examined for treatment 
erfect hv 1navsi nf variance. The prothrombin times of each 
truatjenit V'r' nit "i(rlificanly different (P = 0.38). 

TABLE 1. Prothromh in clot t i ri times and mortal ity associated 
with iros ti on of diphacinone in the diet during 90-day 
feedinq t'st. 

Mear 
Di phac i none pro-throi!a i n 

concentrat ion clotting Mortality 
in diet t imes Wdeaths/ Time to 

mo) (+ SD) animals tested death (days) 

0.5 13.0 + 1.2 0/12 
0.25 13.4 + 2.5* 1/1? 17 
0.125 12.5 + 1.3 0/12 
0.0625 12.P T 0.5* 1/12 20 
0.0313 12.5 + 1.0 0/12 
0.0 13.6 + 1.6 0/12 

* Based on 11 animals. 
5(1 



HEratology results are gi ven in Table 2; ci ni cal chemistry results 
in Table 3. Values ar similar for, animals of all gr'oups; however, 
f ibr i nogen levels in the 0.5 ppm group are lo'Wer than the others. 

In surrnary, the animals appeared generally healthy and in good 
condition, irrespective of dosage regimen, with the exception of 
the 2 that died with indications of subdural hemorrhage and the 10 
that had the S.mptmis associated with the eye area. 

1-_daystudy: All taIimal s in Lhe ,1-ppn and 2-ppll dose-level 
groups succumbed to diphacinone poi soning (Table 4). Post-morten 
examinations revaled massi ve internal henorrhage, primarily in 
the thorac i c or abdomi nal .reas. Animals in the other, groups (1, 
0.5, 0.25, .0.125 ,rod 0 Ppm) did not exhibit any clinical synptoms 
of intexicatl ion duringi lhe test per aid. Tile eve dischar'ge, noted 
in several aninals duing t. he 9O-day test, was lot manifest during 

this trial . Gross necropsy did not reveal any abnormalities with 
the excepti on of one rat in the 0.5-ppm group which had some 
hemorrhacjc in the thnus . Ie analyzed prothromnbin clotting times 
for th- 20 rats examined at the end of the 21-day study using 
analysis of variance, lie prothrionbin times of each treatment 
wer-e riot significantly different (P = 0.15). 

Gen etraI 

Body weighi. increase frmom start to finish of a test and food 
consumption wo,,e analyzed by a two-factor (treabtilent arid sex) 
analysis of vi- arrce in hoth the 21- and 90-day studies. The 
4-ppii nu ?-ppm levels were excluded from the 21-day analyses. 

Food crisLviption was analyzed using mean weekly grams of food 
eaten per kilogrnT of body weiqpt. The body weights used to 
starndar'dize food COnsilnption wer'e mean weights for' tile length of 
the study and were transformed to the 0.75 power to correct for 
metabolic size (BRODY 19,15). A surmary o, body weight gain and 
focd consumption mons is given in Table 5. 

In the 90 -day sted). body weight gain differ'ences among treatment 
groups were rmt significant (P = 0.13) nor was food consumption 
(P = 0.19). In the 2]-day study there was a significant body 

weight gain difference among tr'eabments (P = 0.05). However, this 
differ-ence only occur red with the 0.25-pprr level differing froin 

the other three diphacinone levels but riot the control. Food con­
sumption for the ?I days was riot significantly different among 
treatments (P = 0.13). %,aleson tire 90-day study gained mor'e 
weight than faiiles (P < 0.01) but ate less (P = < 0.01.). In the 

21-day study males gained more weight than fmnales (P < 0.01) and 
ate more (P < 0.01). 

The results of these tests define factors that should be consid­
er-ed in designing a long-termn chronic toxicity feeding study with 
diphiacinone. Mortality anpears to occur at concentrations above 
I ppm. Sporadic isolated mortality can occur at dose levels 
which ar'e lower than I ppm as evidenced by the deaths at 0.25 and 

0.0625 ppm. There is SCWTme indication of possible treabtient 



TABLE 2. Results of hematology analyses--90-day dipho-<none toxicity trial. 

Heio- Total FilC in-

Treatment 
level 

Sample 
number 

PCV 
( ) 

g Io) i 
(q/100 

ml ) 

protein
(g/100 

ml ) 

ogen
(mg/lO0 

ml ) 
WBC 

( 10 3 ) 
Differential 

SEG-S--t YPHS 
ieukocyte count L) 

MOlOS EOS INO BASO 
------------------ ----------------­

0.5 ppm 1 F 57 17.6 8.1 <100 5,000 15 85 
2 F 47 15.9 7.9 <100 3,500 33 51 15 1 
3 M 53 17.0 7.7 <100 2,600 9 79 11 1 
4 r1i 52 17.6 7.9 <100 4,000 13 70 16 1 

0.25 ppm I F 40 13.6 7.5 200 2,400 22 76 1 1 
2 F 
3 M 

44 
49 

14.8 
15.9 

7.3 
7.3 

300 
<100 

3,500 
11,900 

15 
11 

78 
83 

7 
6 

4 M 54 16.4 7.3 200 6,100 11 88 1 
0.125 ppm I F 50 16.4 8.1 400 10,400 15 76 8 1 

2 F 51 16.4 8.3 400 8,600 28 70 1 1 
3 M 51 17.6 7.3 200 7,000 13 87 
4 i 49 15.9 7.5 400 6,400 16 84 

0.0625 ppm I F 48 15.4 7.1 <100 5,900 23 76 1 
2 F 48 15.0 8.3 300 12,900 10 88 2 
3 M 49 15.4 7.3 300 9,200 13 84 2 1 
4 M 47 15.0 6.9 200 6,000 25 74 1 

0.0313 ppm 1 F 49 15.9 7.5 <100 9,100 16 83 1 
2 F 47 15.0 7.7 200 8,800 35 64 1 
3 M 47 14.8 7.3 300 8,900 35 65 
4 M 45 15.0 7.3 400 6,100 76 22 1 1 

0 ppm 1 F 52 17.0 8.5 400 6,900 16 78 3 3 
2 F 50 16.4 9.2 100 8,000 15 72 13 
3 M 52 17.0 7.8 400 20,600 2 98 
4 M 48 15.4 7.5 100 8,300 25 75 



TABLE 3. Results of clinical biochemistry analysis--90-day diphacinone toxicity trial.
 

Glucose BLJ 
Treatment 

level 
Sample 
number 

(mg/]00 
ml) 

(mg/ 
100 ml) 

Globulin 
(g/100 ml) 

Protein 
(g/100 ml) 

Chloride 
(meq/l) 

Cholesterol 
(mg/100 ml) 

K 
(meq/l) 

NA 
(meq/l) 

0.5 ppm 1 F 273 ?0 3.4 7.8 100 95 10.2 141 
2 F 332 24 3.7 8.2 98 102 10.0 141 
3 M 132 18 2.9 6.5 100 66 8.8 141 
4 M 100 18 2.7 6.2 101 70 9.5 141 

0.25 ppm 1 F 125 16 2.8 6.4 102 81 6.7 142 
2 F 130 21 3.1 6.8 105 75 8.5 140 
3 M 147 13 2.9 6.2 108 84 6.4 140 
4 M 127 16 3.6 5.8 103 86 10.9 139 

0.125 ppm 1 F 137 17 3.0 6.5 102 C 10.7 140 
2 F 112 18 4.0 6.8 100 11.8 139 
3 M 295 18 3.6 6.6 99 87 11.3 140 
4 M 165 17 2.8 6.5 99 70 9.4 A9 

0.0625 ppm 1 F 179 22 3.2 6.6 106 93 6.5 140 
2 F 118 16 2.9 6.5 105 97 7.7 139 
3 M 460 18 3.4 6.9 97 72 11.2 143 
4 M 115 19 2.9 6.4 100 105 9.6 139 

0.0313 ppm 1 F 310 19 3.3 7.4 95 95 11.8 138 
2 F 103 24 2.9 7.0 107 85 7.6 139 
3 M 100 21 2.6 6.4 102 82 9.4 139 
4 M 107 24 2.6 6.3 105 75 9.6 139 

0 ppm 1 F 107 19 3.1 6.6 101 70 9.6 138 
2 F 158 13 2.9 7.0 99 79 9.4 138 
3 M 210 20 3.1 7.0 98 83 9.6 138 
4 M 129 20 2.6 6.2 99 90 10.5 138 



TABLE 3. Continued. 

Treatnent 
level 

Sample 
number 

BILl 
(mg/ 

100 ml) 

Alk. 
Phos. 
(units) 

SGOT 
(units) 

SGPT 
(units) 

CPK 
(IU/) 

p
(mg/ 

100 ml) 
LDH 

(units) 
Ca 

(meq/1) 
Creatinine 
(mg/lO0 ml) 

0.5 ppm I F 
2 F 
3 M 
4 M 

0.8 
1.4 
0.4 
0.6 

45 
43 
53 
48 

196 
223 
189 
181 

152 
157 
125 
100 

612 
512 
585 
643 

12.0 
13.0 
8.4 
7.5 

105n 
1250 
1400 
1325 

13.6 
14.8 
10.8 
10.3 

1.2 
1.3 
1.0 
0.9 

0.25 ppm 1 F 
2 F 
3 M 
4 M 

0.4 
0.4 
0.2 
0.3 

66 
100 
120 

48 

137 
146 
116 
150 

85 
96 
83 
95 

452 
514 
394 
504 

7.8 
7.7 
7.0 
8.7 

975 
1075 
800 

1025 

9.8 
10.6 
9.4 

11.4 

0.8 
1.0 
0.8 
1.0 

0.125 ppm 1 F 
2 F 
3 M 
4 M 

0.4 
0.5 
0.5 
0.3 

33 
46 
55 
42 

173 
177 
182 
139 

105 
110 
95 
76 

615 
728 
982 
512 

8.4 
9.7 
9.9 
7.8 

1325 
1390 
1075 
1060 

9.6 
11.2 
14.7 
12.2 

1.0 
0.8 
0.3 
0.8 

0.0625 ppm 1 F 
2 F 

0.5 
0.3 

61 
51 

154 
147 

100 
115 

590 
515 

7.5 
8.4 

900 
960 

13.3 
12.2 

1.0 
0.8 

3 N 0.6 ,1 137 92 692 11.0 600 4.7 1.6 
4 M 0.5 150 138 115 559 8.6 1025 12.8 0.9 

0.0313 ppm I F 
2 F 
3 M 
4 M 

0.6 
0.8 
0.6 
0.8 

41 
68 
95 
73 

195 
146 
186 
194 

140 
121 
130 
148 

713 
428 
611 
692 

9.8 
6.5 
8.9 
9.2 

975 
1125 
1400 
1550 

13.7 
13.2 
12.4 
13.0 

1.4 
0.9 
1.0 
1.1 

0 ppm 1 F 0.4 31 172 107 548 7.2 1325 13.0 0.9 
2 F 
3 M 
4 M 

0.4 
0.8 
0.5 

23 
85 
50 

183 
218 
183 

107 
124 
120 

656 
662 
664 

8.7 
9.6 
9.6 

1310 
1275 
1375 

13.5 
14.8 
13.4 

1.0 
1.1 
1.0 



TABLE 4. 	 Prothronibin clotting timcs and mortality associated 
with ingestion of diphacinone in the diet during 
21-day feeding test. 

Mean 
Di phaci none prothronbi n 

concentration clotting Mortality 
in diet times # deaths/ Time to 

(ppm) (+ SD) # animals tested death (days) 

4.0 	 4/4 3, 4, 6, 7 
2.0 	 4/4 5, 5, 7, 14 
1.0 13.9 + 1.9 0/4 
0.5 12.7 + 0.4 0/4 
0.25 13.6 + 0.6 0/4 
0.125 11.3 + 2.3 0/4 
0.0 14.0 + 0.6 0/4 

TABLE 5. Body wei ght and food consumption associated with 
ingestion of diphacinone in tile diet. 

Food consuiption 
Study Treabnent Sex Body weight gain (mean g/kg body 

(ppm) (mean aras) wei ght- /week) 

90-day 0.5 300a 	 375a 
0.25 269a 	 363a
 
0.125 257a 	 356a 
0.0625 274a 369a 
0.0313 296a 374a 
0 287 372a 

M 373a 360a 
F 193b 376b 

21-day 1.0 128a 	 479a
 
0.5 130a 	 466a
 
0.25 103b 	 473a 

494a
 
0 120a,b 483a
 
0.125 129a 


M 163a 497a 
F 81b 461b 

Means having the same letter are not significantly different 
(P > 0.05). 



effects hel ow I ppm as demonstrated in gross pathology and blood 
chemni st-V f i Idi ngs. Such vari ation in response to the lethal 
effects of diphac none has been observed in studies on other 
species such as vild Norway rats--R. norve icus, roof rats--R. 
rattus, and house rice--MLIs muscu lus (BENTLEY and LARTH 1959T. 
SAVARTE et al. (1979) exper-fien-ce-d -sfimilar results in studies with 
coyotes--Cainis latrans, and ELIAS et al. (1978) observed this 
phenomtenon in dJoeS tic cattle. 

The authors recommend that a lonq-term chronic toxicity feeding
study with diphacinone include cheinical levels in the feed start­
ing hrlo,,, 0.0313 ppm and including 4 ppm as the high level. This 
study pravides a starting point for future research concernino
 
the chronic toxicity of diphacinone.
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