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LABORAlORY TESTING OF ALBINO RATS WITH ANTICOAGULANT RODENTICIDES* 

STEVE D. PALMA TEER, Biologist- Environmental Protection Agency, Agricultural Research Center Beltsvl lie 
~~ . . 

ABSTRACT: The results of testing dry anticoagulant baits at the Animal Biology Laboratory 
are evaluated In this paper.·. Overal 1, 14,940 .rats were committed to these tests resulting 
In a mortality. rate of 91.8 percent. The five chemicals tes.ted and their mean mortality 
per test are: Dlphaclnone (93.S percent), Plval (87.5 percent), Warfarin (93.9 percent) 
ProJln (91.2 percent), and Fumarin (92.8 percent). ' 

The data indicates tha·t 77. 4 perce~t of the tests conducted resulted In a mortal lty of 
90 percent or greater, but only 11.9 percent of them resulted In acceptance of 33 percent 
or greater and mortality of 90 percent or greater. -

IN1RODUCTION 

The purpose of this paper Is to tabulate the results of 747 rat bloassays conducted 
since 1968. The sample size and procedure are Identical In every test. Tests conducted 
prlo~ to 1968 are. not reported here because test methodology was not Identical to present 
methods • 

. All anticoagulant. baits tested were interstate samples and were intended for conrnerclal 
sale. Before reaching E.P.A.'s Animal Biology Laboratory at Beltsville, Maryland, all 
samples were analyzed at an E.P .A. chemical product laboratory. 

The data reported In this paper Is not Intended to endorse or reject the efficacious 
nature of any bait form or toxlcant. Although ·all poison baits were shipped to the labora
tory from vlrtuaJly all states to be bloassay~d . for acceptance and mortality, not. all 
formu.Jatlons on the market .were sampled and consequently the results of these tests can 
only roughly be considered a re.flectlon of all anticoagulant baits In general. 

Cherp.icals ~ested and reported upon In this paper are: 

D.I phaclnone: (2-dlphenyl acetyl -1, 3-indan"d lone). 
PlvaJ: (2-pivalyl-1,3-fndandlone). 
Warfarf n: ·· [3-(a lpha-acetonyl benzyl )-hydroxycoumarl n]. ·. 
Prolln · ls warfarln plus sulfaquinoxaline [Nl-(2-qulnoxaly)-sulfanllamlde]. 
Fumarln: [3-(alpha-acetonyl-furfuryl)-4-hydroxycoumarin]. 

MATERIALS AND METHODS 

All tests ~ere conducted with approximately SO-day old Wistar strain albino laboratory 
rats (Rattus norveglcus) • . Ten males and ten females were used for each test. Rats were. 
lndlvldually housed In anopen-top suspended wire cage (20 x 25 x 18 centimeters). All food 
was offered to the rats in aluminum feeding cups, nine centimeters in diameter (4.5 centi
meters deep). The anticoagulant · trea~ed food and the standard E.P.A./T,S.D. laboratory . , 
diet were offered In separate cups In excess of the daily food requirements (over 30 grams 
each). The gross weight of each food was determined dally and returned to the starting 
weight . Weights were recorded to the nearest gram. The cage position of the bait and the 
standard laboratory diet cups was reversed every 24 hours to counteract any feeding 
position habit of· the· rat. · All ra~s were given free-choice between ' treated and untreated 
food. ... ·· ' · 

The standard E.P.A./T.S . D. laboratory diet consists of 65 percent animal feed grade 
corn meal, 25 percent .steamed rolled oats, five percent corn oil, and five percent sugar. 
The dfet I~: ground fine enou~h· so the rats cannot pick out the oats from the corn meal, 
and yet. has a., par~icle size Jarg~r - than flour. Mixing is conducted in .a twin shell blender . . . .. . . . . . . 

* Reference to t'rade names doe~ no~ imply endorsement of colllllercial products by the Federal 
Govemmerit . It is for identification only. _All bf the products referred to in this paper. 
are manufactured domes'tic'ally and/or imported ·and there has been no distinction made 
between them. 
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Records were kept o~ the daily food intake, mortality, weight, and sex of individual 
animals under test. The test product was available for 15 consecutive days or until 
100 percent mortality. 

After 15 days of testing, survivors were held for five additional days with standard 
laboratory diet ad libitum to determine delayed mortality . 

RESULTS 

The results of bloassays of Diphacinone, Pival, Warfarin, Prolin, and Fumarin are 
presented in Tables 1 through 5, respectively, and are surnnarized collectively in Table 6. 
Each Table is divided into three sections (A, B, and C). Section A is concerned with the 
number of deaths per test with measurements of both central tendency and dispersion. 
Section B tabulates the total test days the rats survived per test . This essentially 
measures rapidity of kill . A rat that survives the entire tests adds 20 to the total. 
The maximum possible survival days are 400 (20 rats x 20 days = 400). In actual practice, 
the highest total on any test was 391 survival days (one rat died on the 11th day of the 
test and the other 19 survived). 

The "C11 Tables illustrate bait acceptance. Acceptance is expressed in terms of bait 
refusal (percentage of total food intake which was unpoisoned). This follows the same 
style and thought of Hayes and Gaines (1959) . 

Each of the tables are divided into bait form : (1) whole grain (grains are either 
hulled or left intact and not mechanically altered; (2) meal (usually a combination of 
grain either crushed or rolled and blended into a homogeneous mixture); (3) pellet (meal 
compacted into a spherical or flattened shape; and (4) wax block (cereals and whole grains 
coated with wax). Included in this group are the parafflnized pellets. 

AMOUNT OF "KILL" PER ANTICOAGULANT CHEMICAL 

Considering the 747 tests together, 14,940 rats were committed and 13,713 (91.8 percent) 
of them succumbed to effects attributed to the anticoagulants. The mean mortality per 20 
rat test by chemical is: (I) Diphacinone 18.7 (93.5 percent); (2) Plval 17.5 (87.5 percent); 
(3) Warfarin 18. 8 (93 .9 percent); f4}- Prol in 18.2 (91.2 percent); and (5) Fumarin 18.6 
(92.8 percent). (Tables IA through 6A. ) The statistical significance of the percent deaths 
of any anticoagulant as compared to others in all possible combinations is presented in 
Table 7. Whereas the sample sizes in most cases are large, the slight differences in 
mortality per test is significant. However, all chemicals, except Fumar in , are also 
statistically significant in average kill per test when compared to the compendium (average 
of all chemicals together). The results of Fumarin baits and the collective average of al 1 
the anticoagulants together are very similar. 

RAPIDITY OF KILL 

Although the time of death is recorded at 24-hour intervals, the procedure is consistent 
and there ls an adequate sample size, a fairly accurate determination of the "rapidity of 
kill" can be determined. 

Rats bioassayed with Warfarin baits averaged fewer survival days per test (159.5) tha~ 
any of the other anticoagulants (Tables 18 through 68). 

PERCENT OF BAIT REFUSAL 

Pival baits had the better acceptance (Tables le through 6C) than any of the other 
chemicals tested with a mean bait refusal of 73.5 percent. The mean percent bait refusal 
for the other anticoagulants tested were Diphacinone 76.5 percent, Warfarin 79.4 percent, 
Prolin 80.4 percent, and Fumarin 76 .6 percent. 

RESULTS WITH A BAIT REFUSAL OF LESS THAN 67 PERCENT AND A MORTALITY OF 90 PERCENT OR HORE 

Twenty-six percent of the Pival baits bioassayed had a kill of at least 90 percent with 
a bait refusal of less than 67 percent (Tables lC through 6C). Fourteen percent of the 
Diphacinone, nine percent of the Warfarin, ten percent of the Prolin, ten percent of the 
Fumarin, and 11.9 percent of 89 out of 747 baits tested overall passed the above criteria. 
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Tab'·le' lA. Toxic ef,fects of Dlphaclnone ba i ts upon albino rats offered slmu'ltaneously. with a standard laboratory diet . 

~ ·~ ~ - '-r ·~ ,-~._ - -· ' -~· .. . . ,.._, ..... . . - :t • ...,_._ ... - ~· • ....: · ~.' •' .. ; ... . - - .., :.__ -~ 

_. ~ Deaths . , Tests 90f"Kf"11 or Ab~ 
Bait ·Form Number of Tests x/Test* Percent Range S.D. ** P 50t 95% Conf1dence Limit for x Number. : Percent 

Whole Grain 
Meal 
Pell~t ' 
Wax Block 
Su11111ary 

0 
39 
6 

60 
105 

·-
18.4 
19.5 
18.8 
18.7 

.. 92.0 
97.5 
94.o 
93.5 

(9-20) 
(18-20) 
(14-20) 

(9-20) 

2.00 
0.83 

- 1 .51 
1 .69 .'. 

*Twenty rats -per tes.t (ten males , ten fem~les). **Standard deviation. 

19.0 
20 .0 
t,9 . 0 
19,.0 

t_ Median. 

.. ± 0.63 31 
± o.66 6 

- ~ 0.38 ·-· ·- 49 
· ± 0.32 _.,l 86 -

\ . 

Table l B. Length of surv i val of albino rats offered a Dlphaclnone bait simultaneously with a standard laboratory diet. 

_Su rv Iva 1 Days 

'! 79,5 
loo .o· 

- 8t.7 
" 81.9 

Ba i.t Form Number of Tests x/Test~ Range S.D.** P 5Qt_ _ 95l"Confidence Limits for"X x Test Days Per Rat 

Whole Grain O 
Heal 39 166.2 (1"29-295) 29.9 160.0 
Pellet 6 144.2 (130-16"3) 12.4 142.0 
Wax Block 60 174. 8 (1 11 -268) 29.5 174.0 
Su11111ary 105 169.8 (111-295) 29 . 73 169.0 

*Total test days survived by 20 rats (maximum would be 400, 20 rats x 20 days). 

± ·9.38 
± 9.92 
± 7.46 
± 5, 69 

**Standard deviation. t Median. 

Table IC. Acceptance of Dlphacinone baits by albino rats offered simultaneously wi th a standa rd laboratory diet. 

8.} 
7.2 
8.7 

- .8.5 

Percent Bait Refusa l* Ba i t Refusal Less Than 67% & 90TOr 
95% Confidence 67% 75% 9ot > Horta 1 i ty 

Bait Form Number of Tests x/Test* Range S.D.** Limits for x P 50t No. % No. % No . % No. % 

Whole Grain 
Meal 
Pe 11 et 
Wax Block 
Su11111a ry 

0 
39 

6 
60 

105 

73,5 
65,3 
78,3 
76.5 

(52 . 6-92. 7) 9.2 
(54 . 8-71.4) 7.1 
(55,7-89,5) 8.2 
(52 ,6-92.7) 8.8 

± 2.91 
± 5,68 
±' 2,08 
± 1.69 

76,9 
68.4 
80 .-4 
76 .9 

8 21 
2 33 
6 10 

16 15 

17 44 
6 100 

19 32 
42 ' 40 

38 97 
6 100 

60 100 
104 99 

7 
2 
6 

15 

* Acceptance . is e~pressed In terms of bait refusal (percentage of total food intake which was unpolsoned). ** Standard deviation . 
t Median . " 

18 
33 
10 
14 



g. 
g. 

Table 2A. Toxic effects of Plval baits upon albino rats offered simultaneously with a standard laboratory diet. 

Deaths Tes ts 90% Kn I o rAbove 
Bait Form Number of Tests x7Test1c Percent Ranse S.D. ** P sot 95% Confidence Limit for x Number Percent 
Whole Grain 0 
Meal 52 17.2 86.o (4-20) 3.25 19.0 ± o.88 32 61.5 
Pel let 19 18.2 91.0 (13-20) 2.46 19.0 ± 1.11 13 68. 4 
Wax Block I 20.0 100 . 0 0 0 o.o o.oo I 100.00 
Summary 72 17. 5 87.5 (4-20) 3.07 19.0 ± o. 71 46 63.9 
'~ Twenty rats per test (ten males, ten females). ** Standard deviation . t Median. 

Table 2B. Length of survival of albino rats offered a Pival bait simultaneously with a standard laboratory diet. 

Su rvTvaTDays 
Bait Form Number of Tests x/Test* Range _S. D_._** P 50t 9_51_ Confi~ence Limits for x __ x l_e~t_D~s Per Rat 
Whole Grain 
Heal 
Pel Jet 
Wax Block 
Summary 

0 
52 
19 
1 

72 

184.7 
167.l 
136.0 
179.4 

(119-280) 
(118-231) 

(118-280) 

54.2 
41.1 

46 .91 

167.5 
160.0 

165.0 

*Total test days survived by 20 rats (maximum would be 400, 20 rats x 20 days). 

± 14. 7 
± 12.6 

± 10.8 

**Standard deviation. t Median 

Table 2C. Acceptance of Pival baits when offered simultaneously with a standard laboratory diet. 

Percent Bait Refusal* Ba It Refusa f Less- Than 

Number of Tests x/Test* 
9S-%ConTidence 

Range S. D.** Limits for x 
67% 75% 90% 

N-o-:--1" No. % No. % Bait Form P 2ot 
Whole Grain 0 
Heal 52 75.3 (34 . 4-93.0) 13. 3 ± 3.6 76.8 10 19 22 42 48 92 
Pel let 19 69.5 (35.2-89.0) 17. 7 ± 8.o 71. 1 8 42 9 47 19 100 
Wax Block ~. ~= \, 1 55.9 - - - - 1 100 1 100 1 100 
Summary 72 73.5 (34.4-93.0) 14 . 8 ± 3.4 74.0 19 26 32 44 68 94 

9.2 
8.4 
6.8 
9.0 

67% & 90% or 
> Mortal lty 
No. % 

10 19 
8 42 
1 100 

19 26 

*Acceptance ts expressed In terms of bait refusal {percentage of total food Intake that was unpoisoned). · ** Standard deviation. 
t Median. 



°' ....... 

Tab~ .3A,. Toxic effects of Watfar_l_n baits upon albino rats offeFed 5,fmu'1taneously with a standard laboratory dJe,t. 
_r ....... 2- _._ . - - ~~ ,... - • - - - - -- _.;:::;,._ -=- .J. ~ 

Bai-t Form Number of Tests 
wf;o.l~- 'G~~-ln 1 20.,0 1:~~:~ - - - - 1 100.0 
Meal 105 18.6 (5-20) 3. 10 20.0 ± Q.59 Bf ..... c' l 78.1 \ 

Pel let 49 19:0 95.2 (13-20) 1.64 20 .0 ± o.45 40 81.6 . 
W~x, Bl, o~k 2 19.0 95.0 (18-20) , 1.41 19. 0 - 2 100.0 
Summary ,, , 157 18.8 93,9 (5-20) 2.25 20.0 ± o,'35 -

125 79,6 -.. ... 
*Twenty rats per test (ten males and ten females). ** Standard deviation. t Median. 

-

Table 3B. Length of survival of albino rats offered a Warfarln bait simultaneously with a standard laboratory diet. 

I Su rvTva-1-Days 
Ba'i t Form , Number of Tests x/Test* Range S.D.** P 50t 95%, Confidence Limits for~ ~ Test Days Per Rat 

Who,fe Grain I 125.0 - - ,. 
Me._1 , 105 161.0 (107-340) 42.9 153.0 
Pel let 49, 156.o (95-237) 30.2 153.0 
Wax Block 2 178.0 (170-186) 11.3 178.0 
Summary 157 159 .5 (95-340) 37. l 153.0 
·~ Totaf tesf days survived by 20 rats (maximum would ~00-;-20 ra-ts-x-~O- days). 

± 8.2 
± 8.5 
± 15. 7 
± 5.8 

**--Standa-rd-dev I at I on. t Median. 

Table 3c. Acceptance of Warfarln baits by albino rats offered simultaneously with a standard laboratory diet . 

Percent Bait Refusa 1 * Bait Refusal Less Than 
95% Confidence- ~7% 75% 

Bait Form Number of Tests x/Test* Ranse S. D.** Limits for x P sot No. % No. % No. 

Whole Grain l 87.0 - - - - 0 0 0 0 l 
Meal 105 81.8 (58. 1-98. 9) 11.5 ± 2.20 82.6 5 5 23 22 89 
Pel let 49 74. 1 (52 . 0-91.0) 10 . 3 ± 2.88 73,3 10 20 27 55 47 
Wax Block 2 77. 8 (75,6-80.0) 3.1 ± 4.30 11.8 0,, 0 0 0 2 
Summary 157 79.4 (52. 0-98 . 9) 9.6 ± 1.50 , 79.5 15 10 50 32 139 

90% 
% 

100 
85 
96 

100 
89 

6. 3 
8.1 
7. 8 , 
8.9 
8.0 

67% & 90% or 
> Mortal ltr 
No. % 

0 0 
4 4 

10 20 
0 0 

14 9 

*Acceptance is expressed In terms 'of bait refusal (percentage of total food Intake Which was unpoisoned. ** Standard deviation. 
t Median. 



Table 4A. Toxic effects of Prolln baits upon albino rats offered simultaneously with a standard laboratory diet. 

Deaths Tests 90% Ki 11 or Above 
Bait Form Number of Tests x/Test* Percent Range S.D .** P SOt 9S% Confidence Limi ts for x Number Percent 

Who le Grain S 20.0 100.0 0 0 20.0 - S 100.0 
Heal 146 18.1 90.3 (l-20) 3.00 19.0 ± 0.49 113 77.4 
Pel let 169 18. l 90. 7 (8-20) 2.14 19.0 ± 0. 32 131 77.5 
Wax Block l 18. 0 90. 0 - 0 18. 0 - l l 00. O 
Summary 321 18.2 91.2 (S-20) 2.S6 19 .0 ± 0. 27 250 77.9 

* Twenty rats per test (ten males, ten females). ** Standard deviation. t Median. 

Table 4B. Length of survival of albino rats offered a Prolin bait simultaneously with standard laboratory diet . 

Surviva l Days 
Bait Form Number of Tests x/Test* Range S.D.** P SOt 9S% Confidence Limits for x x Test Days Per Rat 

Whole Grain S 133.4 (114-141) 11.1 138. 0 ± 9. 7 6. 7 
a- Heal 146 169.2 (109-391) 46.1 161.S ± 7.S 8.S 
00 Pe 11 et 169 l 70 . 3 ( 121 -316) 32 . 9 168. 0 ± 5. 0 8. 5 

Wax Block 1 187.0 0 0 187.0 0 9.4 
Summary 321 169 . 3 (109-391) 39 . 3 16S.S ± 4. 3 8. 5 
*Total test days survived by 20 rats (maximum would be 400, 20 rats x 20 days). **Standard deviation . t Median. 

~ 

Table 4C. Acceptance of Prolin baits by albino rats offered simultaneously with standard laboratory diet . 

Percent Bait Refusa I* Bait Refusa 1 Less Than 67% & 90% or 
95% Confidence 67% 7S% 90% >Mortality 

Bait Form Number of Tests x/Test* Range S.D.** Limits for x P SOt No. % No. % No . % No. % 
Whole Grain 5 72.S (68.2-80.6) 5.2 ± 4.6 69.6 0 0 4 80 5 100 0 0 

· Heal 146 81.6 (43.4-99.2) 11.6 ± 1.9 84.5 18 12 34 23 109 75 18 12 
Pellet 169 79.8 (44.5-94.7) 8.6 ± 1.3 81.3 14 8 42 25 146 86 14 8 
Wax Block I 83.2 O 0 - 83.2 0 0 0 0 1 100 0 • 0 
Summary 321 80.4 (43.4-99. 2) 10.1 ± 1.10 82.4 32 10 80 2S 261 81 32 10 

; *Acceptance Is expressed In terms of bait refusal (percentage of total food Intake which was unpoisoned). ** Standard deviation. 
I t Median. , 

~~. 1---.s;_ ..... ,_::t - .... - -· ·- :~,, ·~- ~ ---- -~----. .i..· · .~-.----~....: ' 
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Tab1"~ 'SA .. ~ .. ToJtf~ .8,f,fec;;~pf f'umerln. treate.4 b~l _t upon alblpq rat~ .when offer~.lf ~lmultaneously with s-ta.ndard laboratory diet. ~ ' 
~_,_ ...... ~ - .... • ........._ , . 1' -' ' . • . .. • ~ ..s - ... .. -

- - ... · · - - · · · -· ._ - · - · · .. Deaths · - · · · · Tests 90t Kt t1 or Above 
·Ba'f't 'Form Number"·10f Tests i/Test* <,• Percent .Ranae s. D. ** p sot 95% Confl dence Llml ts for· 1l Number Percent 
"·. ( I •- h

1 
' • •• J I '\.Jo 

Whole Grain O - .. - - - - - · - ' -
~11~~·1 ;4_s, : 1~.3 . : . 91 _.4 (14-20) t.87 ~ 19.o ~. . .._,., ± .ss :~~ . ·31 ','' ', 68.9 
.P~llets .... 44, 1.8 •• 8 94.1 (14-20) 1.32 .. · 19.0 · ± .39 . · 37 84.1 
W.ax_Block .... . .. 3 . .. . . . . 18.7 . . 93.3 (18-20) 1.51 18.o c • ± 1.4 ·· 3 100.0 
Summary '' ., ._ ,. - · 92· ·18.6 92.8 (14-2.o)" : 1.61 · 19.0 ·· · · · ·_ ± .32 .. __ · - 71 ~ 77.2 

*Twenty rats per test (ten males, ten females). **Standard devf.at-lon . t Median. · · · · 
• - • • • ~ - •• - • • - I • ' ' • • - • • • ' ' -· · 

.. ._ • • • • ' • ; I 

Table 58. Length of survival of albino rats offered a Fumarln bait simultaneously with a standard laboratory diet. 
' . 

· . . . .. . Survival Days 
·eatt Form --· ·Numl»e·r of Tests x/Test* Range · S.D.** P SOt 95% Confidence limits for 1< x Test Days Per Rat 

Who 1 e Grain ,0 - - - - - -
Heal . .45 176.2 (118-251) 37.0 172 .0 ± 10.81 '8.8 
Pe-1 lets It'+ 15.7. 7 (106-219) 20.9 1.56.0 ± 6.18 7. 9 
Wa~ -Block ~ 179.0 (152-198) 24".0 l87.0 ± 27.16 9.0 
Summary. . . . __ .92 16.7.5 (106-251) 31. 1. .. 163.0 ± 6. 36 8.4 

* Totaf test days survived by 20 rats (maximum would be 400, 20 rats x ~O days). **Standard deviation. t Median. 
. . ... . - . . . . . . .. 

• • ~ • I i • • :I 

Table 5C. Acceptance of Fumarin baits by albino rats offered simultaneously with a standard laboratory diet. 

· · ' , ' Percent Bait Refusal* Bait Refusal Less Than 67% & 90% or 
- ' ' · · 95% Conf I dence 67% 75% 90% > Horta 1 f ty 

:Bait Form Number of 'tests x/Te-st* Range S. D.** Llml'ts for x P 50t No. % No. % No. % No. % ... 
Who le .Grain 0 · -. - - - - - - - - - - - -
·M'ea1 · 45. · so ~ 1 (64.5-9~.2> .s.s3 _ ± 2.58 s1.4 3 1 16 36 38 84 3 1 
.Pel let .. . ·44 72 . 7 (53. 7-88.8) 6.89 ± 2.03 72.5 6 14 26 59 44 100 6 14 
W.ax Block . _ 3 82.6 . (80.t-85.8). 2.86 j: 3.17 . . . . 81.9 0 0 .9 0 3 100 0 0 
Summary - · · 92 , · 76·. 6 _ (64.5 :09.8.2) 8.65 ± 1. 77 . .76.5 . · 9 19 47 46 85 92 9 10 

~Acceptance ls exph~s·sed" in terms "of bait refusal (Percehtage of total food ·intake which was unpolsoned). **Standard devlation. I 

t . Med \·an . , · - · · · : · • · . · · 
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Table 6A, Toxic effect of anticoagulant baits upon albino rats when offered simultaneously with a standard laboratory diet.* 

Deaths - ----- -- - ------ -- Tests 90% Ki 11 or Above 
Bait Form Number of Tests x/Test** Percent Range S.D.t P 50tt 95% Confidence Limits for x Number Percent 

Whole Grain 
Meal 
Pel lets 
Wax Block 
Summary 

6 
387 
287 
67 

747 

20 . 0 
18. 2 
18. 5 
18 . 8 
18.4 

100 . 0 
90.8 
92.5 
93,8 
91. 8 

0 
(17.2-18.6) 
(18.1-19.5) 
(18 .0-20 . 0) 
(17.2-20.0) 

0 
2.74 
1.98 
J.46 
2.37 

20.0 
19.0 
19.0 
19 .0 
19.0 

0 
± 0.27 
± 0.23 
± 0. 36 
± 0. 17 

'~ Campi Jatfon of Tables IA through SA. Chemicals tested are Diphacinone, Pi val, Warfarin, Prol in, and Fumarin. 
**Twenty rats per test (ten males, ten females}. t Standard deviation . tt Median. 

6 
289 
227 
56 

578 

100.0 
74 . 7 
79. I 
83,6 
77.4 

Tab le 6B. Length of survival of albino rats offered an anticoagulant treated bait simultaneously with a standard laboratory diet.* 

Survival Days 
Bait Form Number of Tests x/Test**-- Range- S. D.t P 50H 95% Confidence Limits for x X Test Days Per Rat 

Whole Grain 6 132.0 (114.0-141.0) 10.5 137.0 ± 8.38 6.6 
Meal 387 169 .6 (161.5-184. 7) 42.9 169.2 ± 4.27 8.5 
Pel let 287 165.2 (144 . 2-170 .3) 31.8 165.0 ± 3.68 8.2 
Wax Block 67 174.7 (136.0-187 .0) 28.7 175.0 ± 6.87 8. 7 
Summary 747 168.1 (114.0-187.0) 38.0 160 .0 ± 2. 73 8. 4 

* Comp!Tatlon of Tables JB through SB. Chemicals tested are Diphacinone , Plval, Warfarln;P"rolin;-and Fumarin. 
**Total test days survived by 20 rats (max imum would be 400, 20 days x 20 rats}. t Standard deviation. tt Med ian . 

Table 6C. Acceptance of anticoagulant ba i ts by albino rats offered simultaneously with~ standard laboratory diet. * 

-Pe rcen-f Ba It Refusa I** Bait Refusal Less Than 67% & 901 or 
95% Confidence li7% 75% 90% > Mortal I ty 

Bait Form Number of Tests J{/Test** Ranse S.D.t Limits for x p 50tt No . % No. % No. % No. % 

Whole Grain 6 74.9 (72.5-87.0) 7.5 ± 5,36 79 . 7 0 0 4 67 6 100 0 o.o 
Meal 387 80.0 (75,3-81.8) 10.8 ± I .08 80. l 44 11 112 29 322 83 42 10.9 
Pe 1 let 287 76 . 8 (65.3-80.1) 10.2 ± 1. 18 72 . 7 40 14 110 38 262 91 40 13". 9 
Wax Block 67 78.3 (55.9-83.2) 8.3 ± 1.99 77.8 7 I 1 20 29 67 100 7 10.5 
Surrmary ' 747 78.6 (55.9-87.0) 10.5 ± 0.75 79.5 91 12. 2.46 33 657 88 89 , 11.9 

*Compilation of Tables IC through SC. Chemicals tested are Diphaclnone, Plval, Warfarln, Prolln, and Fumarln . 
**Acceptance Is expressed In terms of bait refusal (percentage of total food Intake which was unpolsoned). 
t Standard devl'atlon . tt Median. 



T1ble 7. Significance levels for five anticoagulant rodentlcldes In all possible comb l 
n1tlons. Statist ical significance is computed from Tables IA through 6C. Values i nd icated 
for mean mortality differences per test are chi square with Yates correction, and days and 
percent ba~t refusal are Z* (large sample method) . Chi squa re values over 3.84 and z 
v1lues over 1.96 are significant to five percent level. 

Deaths Per Test {x2 values} 
Chemical Conpendlum Fumarln Pro 1 in Warfarln Pl val 
Dlphaclnone 5.76 0. 40 11.30 0. 56 35,39 
Pl val 31. 18 26.0l 16.24 54.13 
Warfarl n 15. 51 · 2. 18 24.05 
Protin 3.95 5.78 
Fumarln 2.00 

Survival Days Per Test (Z valuesJ 
Chemical Compendium Fumarl n Prol in Warfa r ln Pl val 
Dlphaclnone 0.53 0.56 0. 17 2.49 1.54 
Plva1 1. 98 1.86 l.70 3.17 
Warfarln 2.63 1.82 2. 66 
Prol In o. 46 0.46 
Fomarln 0.17 

Percent Bait Refusal {Z values} 
Chemical Conpendl um Fumar ln Prol in Warfarln Pl val 
Dlphaclnone 2. 23 0.08 3. 80 2.52 1.54 
Pl val 2.86 1.58 3.77 3. 11 
Wufarln 0.93 2. 37 1.06 
Pro1 In 2.64 2.74 
Fumarln I. 62 

* Alder and Roessler, 1964. 

Table 8. Chi Square tabular values with Yates correction for five anticoagulants In all 
possible combinations. The first group is the significance of the proportional number of 
tests per anticoagulant that have a ba i t refusal of less than 67 percent and a mortality of 
90 percent 'or more. The ·second group Is the sign i ficance of the proportional di f ference In 
the number of tests that have a mortality of 90 percent or more. Chi Square values of 3.84 
or more are significant to at least the five percent level • 

Chemical 

Dlphacl none 
Pl val 
Warfarl n 
Pro1 ln 
Fumarln 

Chemical 

Dlphaclnone 
Pl val 
Warfarin 
Prol In 
Fumarln 

. 67 Percent or Less Bait 
Conpendlum Fumarln 

Refusal, 90 Percent or Hore Mortality 
Prolin Warfarl n Pl val 

0.287 0 . 56 
10.79 6.74 
0.88 10 . 84 
0.66 12.62 
0. 18 

1 • 10 
12 . 62 
0.040 

90 Percent or More Mortality 
Compendium 

o.85 
5.86 
0. 26 
0.01 
0. 01 

Fumarin Prol in 

o.42 
2. 87 
0.09 
o.oo 

71 

0.55 
5. 46 
0. 10 

1. 34 
10 .84 

Warfarln 

0. 09 
5.65 

3, 29 

Pl val 

6.39 



There was a statistically significant difference in the percentage of Pival bloassays 
meeting or exceeding the 90 percent mortal i ty and 67 percent refusal requirement than all 
the other baits except Diphacinone (Table 8). Collectively, the indandione group (Dipha
cinone and Pival) significantly exceeded these criteria more than the hydroxycoumarin group 
(Warfarin, Prolin , and Fumarin) . The Chi Square value of the proportional differences 
is I0.868 and is significant to a probability of less than 1:1000. 

MORTALITY OVER 90 PERCENT 

Over 77 percent of the rat bioassays resulted in a mortality of 90 percent or more. 
Diphacinone was the highest with 86 out of 105 trials (81.9 percent) resulting in the 
deaths of 18 or more rats per test. The number of tests of the other chemicals tested 
resulting in 90 percent mortality in descending order are: Warfarin, 125 out of 157 
(79.6 percent); Prolin, 250 out of 321 (77 , 9 percent); Fumarin, 71 out of 92 (77.2 percent); 
and Pival, 46 out of 72 (63.9 percent). 

RESULTS BY BAIT FORM 

Wax blocks achieved the highest mean mortality (Table 6A). Although whole grains gave 
100 percent kill in all tests, the sample was too small to assume results would follow a 
normal distribution. There was no statistical difference in the mean kill per test for 
wax blocks as compared to the other bait forms. However, there is a significant difference 
between meal and pellet baits (P<0 .05). Although their means are almost identical (18.2 
and 18.5 respectively) the sample sizes are large enough t~at a significant difference can 
be found between the means. 

There js no significant difference between bait forms in mean survival per test. 
Bioassays with pellet bait forms resulted in a survival day rate of 165.2 days per tests, 
meal baits 169.6, and wax blocks 174.7. 

Pellet baits were accepted considerably better than meal baits (Table 6C). The 
difference Is significant to the five percent level. 

Although 10.9 percent of the meal baits and 13.9 percent of the pellet bait bioassays 
met the 67 percent bait refusal and 90 percent or more mortality requirement, the difference 
between them Is not statistically significant (P>0.05). 

DISCUSSION 

In keeping with the purpose of this paper, there will be very little discussion 
concerning the results. The data has been condensed so anyone can analyze the results and 
draw their own conclusions . However, it is clear that any of the five anticoagulant 
rodentlcldes are capable of achieving optimal control. The results also indicate that 
bait texture may be as important to control as any additive. 
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