






Figure 1. Number of swine surviving warfarin administration (0.025 mg/lb) when tylosin-sulfametha-

zine was prosent or absent in the diet 
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Figure 2. Incidence of specific hemorrhagic lesions in 14 swine dying from warfarin poisoning 
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Figure 3. Marked colonic hemorrhage, blood-stained feces, lesser omental 

hemorrhage, and generalized anemia characteristic of swine with 
experimental warfarin toxicosis. The warfarin dosage was 0.20 
mg/lb body weight 

Figure A, Subcutaneous and intermuscular hemorrhages in a pig fed warfarin 
at 0.10 mg/lb body weight 
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The intermuscular and subcutaneous hemorrhages were interspersed with 

small to moderate amounts of edema. Hemorrhages tended to follow along 

fascial planes and between major muscle bundles. Most frequent locations 

for hemorrhages were the submandibular area, subcutaneous inguinal area, 

and intermuscular spaces between the semitendinosus, semimembranosus, and 

gracilis muscles. Distribution of subcutaneous and muscular lesions may be 

found in Figures 4 and 5. 

Hemorrhage in the subcutaneous periarticular tissue caused swelling 

around the tarsal-metatarsal articulations. Bleeding into the articular 

capsule and collection of free, unclotted blood in the articular space were 

observed. 

Hemorrhage in the central nervous system (CNS) was subdural in nature 

over the parietal and occipital lobes of the cerebrum, cerebellum, and 

cervical spinal cord. Hemorrhage into CNS parenchyma was not observed. 

The gross lesion of cerebellar meningeal hemorrhage is shown in Figure 6. 

Tissues of warfarin-poisoned swine were examined microscopically for 

cellular and vascular changes. No evidence of a primary lesion due to 

warfarin was found by light microscopy. Mild centrolobular hepatic fatty 

change and passive congestion were occasionally observed. Degenerative or 

inflammatory vascular lesions in hemorrhagic areas were not found. Inter

muscular edema and hemorrhage were observed microscopically. 

Blood Coagulation Activity in Warfarin-Poisoned Swins 

Affected swine had large and consistent changes in parameters of the 

coagulation system. Increases in clotting time, OSPT, and APTT were 

observed. 



Figure 5. Large periarticular hematomata in a pig given at 0.025 mg/lb 

body weight 

Figure 6. Ksr.crrhages in cerebellar subdural and arachnoid spaces in a pig 

with warfarin poisoning. The warfarin dosage was 0.10 mg/lb 

body weight 
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Trial 1 

Results of clotting time, OSPT, and APTT are presented in Table 6 for 

pre-trial samples and for days 3, 6, and 9. Data presented are individual 

values where one animal was used or mean values when two animals were used. 

Figures 7,8, and 9 depict mean values of clotting time, OSPT, and APTT, 

respectively, for pre-trial, three-day, and six-day samples. Coagulation 

activity times increased in approximately linear manner at day 6 for dos

ages of warfarin from 0.0125 mg/lb to 0.150 mg/lb. Small increases in OSPT 

and APTT were observed at most dosages when pre-trial values were compared 

to day 3 values. 

Trial 2 

Coagulation activity is included in Figures 7, 8, and 9 for blood sam

ples from days 0, 3, and 6. 

Trial 3 

Mean values for clotting time. OSFT. and APTT are presented in Figures 

10, 11, and 12. No animals were lost in this trial, so means represent a 

full complement of data. Marked differences in treatment means were not 

observed. Clotting time was elevated slightly at day 7 and then declined 

toward pre-trial levels. OSPT values followed a similar pattern of slight 

early rise followed by a decline. APTT values were erratic, and no trend 

could be detected. 

Trial 4 

Mean values for clotting time, OSPT, and APTT are presented in Figures 

13, 14, and 15, respectively. Large and consistent rises occurred in these 



Table 6. Blood coagulation parameters in swine fed warfarin 

Pig 

num

ber 

Warfarin 
dose 

in 

mg/lb Clot 
5 c 

OSPT APTT 

Days on trial 

Clot OSPT APTT Clot OSPT APTT Clot OSPT APTT 

1251 0.05 1.5 13.4 34.0 3.5 12.7 39.8 4.5 28.9 78.8 5.5 47.4 150. 0 

1252 0.10 1.5 12.4 29.1 3.0 10.8 37.4 19.5 63.7 152.7 

1253 0.15 1.0 12.3 32,4 4.0 12.2 49.9 17.5 68.9 165.7 

1254 0.20 0.5 12.1 33.7 1.0 11,1 43.1 26.0 150.0 240.9 

1255 0.30 1.0 11.5 32.9 3.5 11.5 53,2 42.5 248.5 580.6 

1256 0.05 1.0 12.8 37.1 2.5 12,3 61.2 12.5 34.0 172.2 9.0 81.1 150. 0 

1257 0.10 1.5 12.1 34.7 3.5 12.2 55.5 11.5 61.4 242.0 

1258 0.15 2.0 10.8 28.1 4.5 11,5 50.8 16.0 72,7 340.3 

1259 0.00 1.0 12,6 35.2 4.5 11.9 41.7 2.5 11.9 43.1 2.0 12.9 44. 3 

1260 0.50 1.0 12.0 39.1 4.0 11.9 53.7 32.5 211.9 360.0 

VD 

Clotting time in seconds. 

'one-stage prothrombin time in seconds. 

'Activated partial thromboplastin time in seconds, 



Figure 7. Clotting time for swine fed graded doses of warfarin 
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Figure 8. One-Stage Prothrombin Time in swine fed graded doses of warfarin 
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Figure 9. Activated Partial Thromboplastin Time in swine fed graded doses 

of warfarin 
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Figure 10. Mean clotting times for 32 swine fed tylosin-sulfamethazine combination with or without 

warfarin. The warfarin dosajjo was 0.0075 mg/lb body weight 
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Figure 11. Mean One-Stage Prothrombin Times for 32 swine fed tylosin-sulfamethazine combination with 

or without: warfarin. The warfarin dose was 0.0075 mg/lb body weight 
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Figure 12. Mean Activated Partial Thromboplastin Time for 32 swine fed 

tylosin-sulfamethazine combination with or without warfarin. 

The warfarin dose was 0.0075 mg/lb body weight 
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Figure 13. Mean clotting time for 16 swine fed warfarin with or without 

tylosin-sulfamethazine combination. The warfarin dosage was 
0.025 mg/lb body weight 
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Figure 14. Mean One-Stage Prothrombin Times for 16 swine fed warfarin with 

or without tylosin-sulfamethazine combination. The warfarin 

dosage was 0.025 mg/lb body weight 
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Figure 15. Mean Activated Partial Thromboplastin Time for 16 swine fed 

warfarin with or without tylosin-sulfamethazine combination. 

The warfarin dosage was 0.025 mg/lb body weight 
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parameters for the group receiving warfarin only. The rise in coagulation 

activity values was slower and of lesser magnitude in swine receiving 

tylosin-sulfamethazine in combination with warfarin. 

Trial 2 

Mean clotting and prothrombin times are plotted in Figures 16 and 17. 

Marked divergence in these values was observed, with the control (warfarin 

only) group having consistently higher values. During this trial, values 

for both treatments rose and then began to fall toward normal. 

Trial Ô 

Mean OSPT values are shown in Figure 18 for swine receiving warfarin 

with parenteral sulfamethazine as well as those receiving only warfarin. 

There was marked elevation of OSPT in warfarin treated pigs when compared 

to those swine given warfarin with sulfamethazine. Upon withdrawal of war

farin, OSPT returned promptly to normal in both groups. One pig remained 

alive in the control group versus 3 pigs in the sulfamethazine group-

Trial 7 

Prothrombin times are depicted in Figure 19 for each of 2 pigs fed a 

single dose of warfarin at 1.25 mg/lb body weight. The pig given warfarin 

without previous and concurrent exposure to parenteral sulfamethazine 

developed a markedly prolonged OSPT. 

Hematologic Changes 

Several hematologic parameters related to blood coagulation were eval

uated. These included total protein, fibrinogen, packed cell volume, dif

ferential leukocyte count, and clot retraction. "Hie results of hematologic 



Figure 16. Mean clotting time for 16 swine fed warfarin with or without 

tylosin-sulfamethazine combination. The warfarin dosage was 

0.025 mg/lb body weight 
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Figure 17. Mean One-Stage Prothrombin Time for 16 swine fed warfarin with 

or without tylosin-sulfanethazine combination. The warfarin 

dosage was 0.025 mg/lb body weight 
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Figure 18. Mean One-Stage Prothrombin Time for 8 swine fed warfarin with 

or without parenteral sulfamethazine. The warfarin dosage was 

0.025 mg/lb body weight 
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Figure 19. One-Stage Prothrombin Time for 2 swine fed warfarin with or 
without parenteral sulfamethazine. The warfarin dosage was 

1.25 mg/lb body weight 
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studies in Trials 3 and 4 are shown in Tables 7 and 8 expressed as treat

ment means. 

Trends away from control values were not observed for fibrinogen and 

total protein. A slight deviation in packed cell volume was noted in 

Trial 3. This change was not statistically significant. All blood samples 

had good clot retraction at 2 and 24 hours after coagulation occurred. 

Total protein and fibrinogen values were not depressed in any pigs. Based 

on data from these trials, the above parameters were not evaluated in sub

sequent trials. 

Coagulation Factor Correction Studies 

Plasma samples with prolonged OSPT and APTT from Trial 1 and Trial 4 

were treated with both aged serum and adsorbed plasma. In every case, OSPT 

and APTT were corrected by addition of serum but not by adsorbed plasma. 

This was interpreted as deficiency of factors II, VII, IX, and X in war

farin-treated swine. 

Statistical Treatment of Coagulation Activity Values 

Tests of significance utilizing analysis of variance were conducted on 

coagulation data from Trials 3, 4, 5, and 6. Overall means, treatment 

means, and day means were computed for clotting time, OSPT, APTT, and PCV. 

In Table 9 and 10, the statistical significance of parassstsrs measured 

in antibacterial and warfarin trials is summarized. Table 11 compares cor

relation coefficients and their significance for Trials 3, 4, and 5. 

Analysis of variance for Trial 3 was completed with no missing data. 

Results are presented in Table 9 for clotting time, OSPT, and APTT. F-



Table 7. Mean hematologic values for swine fed warfarin and antibacterial at two levels 

Treatment 

Low ^ High ^ Low High 
antibacterial antibacterial antibacterial antibacterial 

without without with with 

warfarin warfarin warfarin warfarin 

DfiY Day Day Day 

Cells counted 0 14 0 14 0 14 0 14 

Segmented neutrophils (%) 17 28 23 27 24 34 29 30 

Band neutrophils (%) 14671537 

Lymphocytes (%) 77 66 69 64 72 58 66 70 

Monocytes (%) 20100000 

Basophils (%) 0 0 0 0 1 0 0 0 

Eosinophils (%) 22121221 

Nucleated erythrocytes (%) 02121211 
Packed cell volume (%) 36 37 36 36 36 38 37 36 

^Tylosin phosphate, 100 gni/ton feed and sulfamethazine sodluin, 100 gm/ton feed. 

^Tylosin phosphate, 1000 gm/ton feed and sulfamethazine sodium, 300 gm/ton feed. 
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Table 8. Mean hematologic values for swine fed warfarin with or without 

antibacterial 

Treatment 

Antibacterial 

and warfarin Warfarin only 
Day Day 

Cells counted 0 7 0 7 

Segmented Neutrophils (%) 29 26 28 28 

Band Neutrophils (%) 4 5 6 8 

Lymphocytes (%) 65 67 64 63 

Monocytes (%) 0 0 0 0 

Basophils (%) 0 0 0 0 

Eosinophils (%) 2 2 2 1 

Nucleated Erythrocytes (%) 3 2 2 1 

Packed Cell Volume (%) 31 33 31 31 

^Tylosin phosphate, 1000 gm/ton feed and sulfamethazine sodium, 300 

gm/ton feed. 

values were regarded as significant (P<.05) according to the appropriate 

table in Snedecor and Cochrane (1967). 

Results of analysis of variance for clotting tise, OSPT, and APTT in 

Trials 4 and 5 are presented in Table 10. Results are based on a weighted 

analysis computed to account for missing data caused by death of experimen

tal swine. 

Correlations between clotting time and OSPT, clotting time and APTT, 

and OSPT and APTT were computed and the results summarized in Table 11. 

Correlation coefficients for other parameters are included in Table 11. 

Plasma Warfarin Levels in Control 

and Sulfamethazine Treated Swine 

Results of analysis for plasma warfarin in 2 swine fed equal doses 

of warfarin on a body weight basis are plotted in Figure 20. The sulfa-
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Table 9. Statistical significance of calculated F-values for swine fed 

warfarin or tylosin-sulfamethazine antibacterial 

Degrees F-value for each variable 
T • o 

Source freedom Clot* OSPT APTT 

Warfarin l", 6^ 13.28* 13.57* 3.86 

Antibacterial 1, 6 12.68* 1.06 0.00 

Antibacterial X Warfarin 1, 6 10.30* 0.02 0.00 

Day 1, 6 13.29* 4.37 1.60 

Warfarin X Day 1, 6 12.05* 4.33 5.18 

Antibacterial X Day 1, 6 7.34* 5.63 7.35* 

Antibacterial X Warfarin X Day 1, 6 7.28* 8.94* 5.62 

^Clotting Time. 

b 
One-Stage Prothrombin Time. 

^Activated Partial Thromboplastin Time. 

'^Numerator. 

e 
Denominator. 

•Significant at P<0.05. 

methazine-free pig developed higher plasma warfarin levels, reached a 

greater peak of warfarin concentration, and maintained a more elevated 

plasma warfarin level than did the pig pre-treated with parenteral sulfa

methazine . 
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Table 10. Statistical significance of calculated F-values for parameters 

studied in swine fed warfarin with or without tylosin-sulfa-
methazine antibacterial 

Trial Degrees F-value for each variable 
Source number freedom Clot OSPT APTT 

Antibacterial 4 11.74* 25.66* 63.27** 

5 1, 6 14.88** 141.11** - — 

Day 4 2, 12 89.87** 41.86** 33.79** 

5 1, 6 14.45** 22.12** 

Antibiotic X Day 4 2, 12 30.70** 22.50** 20.23** 

5 7, 6 11.87** 17.84** 

Denominator. 

•Significant at P<0.05. 

••Significant at P<0.01. 



Table 11. Correlation coefficients for parameters studied in swine fed warfarin and tylosin-sulfa 

methazine antibacterial 

Variable 

Variable 

Clotting time 

Prothrombin 

time 

Partial 

thrombo-plastin 
time 

Total 

protein 

Fibrinogen 

Packed cell 

volume 

Clotting 

time 

1.000 
1.000 
1.000 

0.153 

0.744** 

0.622** 

•0.074 

0.875** 

0.725** 

0.298** 

0.353** 

0.157 

-0.842** 

^96 degrees freedom. 

^65 degrees freedom. 

^53 degrees freedom. 

*Significant at P<0.05. 

**Significant at P<0.01. 

Pro

thrombin 

time 

1.000 
1.000 
1.000 

0.069 

0.922** 

0.72:3** 

-0.016 

•0.056 

•0.016 
•0.697** 

Partial 

thrombo

plastin time 

Total 

protein 

Fibri

nogen 

Packed 

cell 

volume 

1.000 
1.000 
1.000 

0.042 

0.061 

0.236* 

-0.820** 

1.000 

0.537** 

0.186 

1.000 

0.090 1.000 

Trial 

number 

.a 

3 

4 

5 

3 
4 

5 

3 

4 

5 

3 

4 
5 

3 

4 

5 



Figure 20. Warfarin concentration in plasma of two swine fed warfarin with 

or without parenteral sulfamethazine. The warfarin dosage was 

1,25 mg/lb body weight 
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DISCUSSION 

Clinical Response 

The clinical response of swine to graded doses of warfarin in Trial 1 

varied with the amount of drug consumed. While the trend is not strictly 

linear, there is a direct response to amount of warfarin administered. 

McGirr and Papworth (1955) demonstrated that swine fed warfarin at various 

doses tended to respond in 1 of 2 ways. Either there was a gradual onset 

of bleeding and hematomata or there was massive hemorrhage with associated 

acute death. Frazier (1966) reported swine accidentally poisoned by war

farin were affected by lameness and fecal hemorrhage but had near-normal 

appetites. Of the vitamin K-deficient swine studied by Schendel and 

Johnson (1962), acute onset and death from hemorrhage, as well as hemor

rhage with recovery, were observed. Osweiler £t (1970), in describing 

vitamin K-responsive bleeding in swine, included clinical histories of both 

chronic and acute hemorrhage. 

Koch-Weser and Sellers (1971a), Rowsell (1968), and Deykin (1970a) 

reported that warfarin poisoning and vitamin K deficiency cause a similar 

depression in coagulation factors. Thus, the basis for the clinical course 

of warfarin poisoning, vitamin K deficiency, and porcine hemorrhagic dis

ease appears similar. 

The onset of clinical bleeding, especially ocular, subcutaneous, and 

intermuscular bleeding, was exacerbated by handling swine during blood 

sampling and weighing. Hemorrhage found at the sites of puncture by iden

tification eartags was considered due to trauma. Although articular 

hemorrhages and hematomata were regarded as spontaneous, they were probably 
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initiated by trauma from articular movement or reaching over feeding pans. 

Signs of central nervous dysfunction seen in 2 swine were associated with 

diffuse subdural hemorrhage found at necropsy. 

Lesions 

Pale red blood of watery consistency was a characteristic lesion in 

warfarin-poisoned swine. No attempt was made to classify the type of 

anemia since acute blood loss appeared to be the cause. Furthermore, 

erythropoetic activity appeared normal as indicated by results of differen

tial leukocyte counts and presence of nucleated erythrocytes and adequate 

platelet numbers. Hematomata were found in various parts of the body, par

ticularly in areas of stress such as submandibular, lateral cervical, 

inguinal, and periarticular regions. These areas were most often in con

tact with feeding pans, concrete floors, and sidewalls of pens. 

While the primary lesion observed was hemorrhage, edema was occasion

ally present. This could be caused by slowing and stagnation of blood flow 

through a hemorrhagic area or by blockage of lymphatics with erythrocytes. 

Extravasated blood was often coagulated when hemorrhage was located in 

the subcutaneous or intermuscular spaces. Tissue damage caused by cellular 

anoxia may occur as a result of hemorrhage. Rowsell (1968) reported that 

Thromboplastin (Factor III) released from damaged tissues could initiate a 

more rapid coagulation. 

No gross or microscopic lesions were found associated with colonic 

hemorrhage in experimental swine. Bleeding could result from peristaltic 

activity of the intestine and colon in a manner similar to the increased 

movement and resultant hemorrhage observed around joints. Ultrastructural 
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changes in capillary endothelium of rats treated with toxic doses of war

farin have been reported by Kahn et al. (1971). These changes were loss of 

ground substance and decreased organelle content. However, warfarin-

induced capillary damage observed by light microscopy has not been reported. 

The hemorrhagic lesions in warfarin poisoning have not been associated 

with decreased numbers of thrombocytes nor a decline in the levels of total 

protein and/or fibrinogen. Levine (1970) indicated a decrease in platelet 

adhesiveness which may be causative of minute capillary hemorrhages during 

warfarin poisoning. 

The type and pattern of hemorrhage in affected swine could not be cor

related with the amount of warfarin ingested nor the number of days for . 

which the warfarin had been fed. The onset of hemorrhagic lesions and 

clinical signs appear more dependent upon the nature of traumatic or envi

ronmental conditions which initiate hemorrhage in a susceptible animal than 

upon total dosage. 

Comparison of Tables 1 and 6 reveals that swine having prothrombin 

times on day 6 of less than 34 seconds did not exhibit spontaneous hemor

rhage on that day. However, swine having 28.9-second and 34.0-second pro

thrombin times did have hemorrhage in response to the trauma of ocular 

bleeding. Further examination of Tables 1 and 6 reveals the day 12 values 

of prothrombin time for pigs 1258 and 1259 to be 19.9 and 16.4 seconds, 

respectively, at which time no hemorrhagic manifestations were noted. Com

parison of Table 3 with Figure 14 discloses that on day 3 of Trial 4, the 

control (warfarin only) group swine had a mean prothrombin time of 25.5 

seconds, but there was no associated clinical hemorrhage. The prothrombin 

time range in this group was from 18.1 seconds to 35.4 seconds. By day 5 
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of the trial, 3 swine in the control group had developed spontaneous hemor

rhage or had died as a result of hemorrhage. These pigs had prothrombin 

times of 30.3 seconds, 33.4 seconds, and 42.4 seconds. Other swine in the 

group had prothrombin times as high as 51.9 seconds with no clinical evi

dence of hemorrhage. 

From the clinical data relative to warfarin administration, it appears 

that approximately 5 days is needed after the administration of warfarin 

for clinical signs to appear. Langdell (1969) reported on the half-life of 

plasma coagulation factors depressed in man by warfarin administration. 

Factors II, VII, IX, and X have half-lives in man of 100 hours, 5 hours, 

20-30 hours, and 20-30 hours, respectively. Deykin (1970a) stated that at 

chronic low doses, warfarin does not completely suppress procoagulant syn

thesis. Thus, the effect of low doses of warfarin depends on a balance 

between the rate of intake and the rate of degradation and excretion of 

warfarin. Nagashima e_t al. (1969) found that in most individuals the 

depression of production of Factors IÎ, Vil, IX, and X is a logrithmic 

function of plasma warfarin concentration. Since the acquired coagulation 

deficiency in warfarin poisoning is a multiple one, the clinical result 

will depend upon the relative rates of disappearance of each of the coagu

lation factors and upon the total effect of loss of these factors from the 

coagulation scheme. 

The clinical response of swine to experimental warfarin administration 

was similar to the signs reported by Frazier (1966), McGirr and Papworth 

(1955), and Reihart and Reihart (1952) for uncomplicated warfarin poison

ing. Results of primary clinical vitamin K deficiency in swine were not 

available for comparison. However, experimentally induced vitamin K defi
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ciency reported by Schcndel and Johnson (1962) involved similar hemorrhagic 

lesions. Osweiler e_t (1970) and Fritschen et al. (1970) Indicated that 

a vitamin K-responsive hemorrhagic disease of swine involved lesions simi

lar to those reported for warfarin poisoning. No difference was detected 

between the lesions and signs reported for warfarin toxicosis and vitamin K 

deficiency. 

Coagulation Factor Changes 

Warfarin produced consistent changes in clotting time, OSPT, and APTT. 

This effect was exacerbated, both by increased dosage of warfarin (Trial 1) 

and by continued daily administration (Trials 4, 5, 6). Nagashima and Levy 

(1969) reported that the plasma half-life of warfarin in several species 

varied from 9.4 to 10.4 hours for the rat, 22 to 23 hours for the dog, and 

29 to 43 hours for man. Furthermore, they determined that the effect of 

dosage varied with species. Their dogs had a plasma warfarin half-life 

independent of dosage while half-life declined slightly with increasing 

dosage in the rat but increased markedly with increasing dosage in the mon

key. Although specific warfarin half-life studies have not been reported 

for swine, it would seem that an appropriate half-life in swine was allow

ing larger experimental doses of 0.025 mg/lb to accumulate while the smal

ler 0.0075 mg/lb doses used in Trial 3 were excreted at a rate approxi

mately equaling or exceeding intake. 

The parameters chosen for assessing clotting function were selected on 

the basis of availability of instrumentation, applicability of the tech

nique, and suitability to assess the coagulation factors most affected by 

warfarin and vitamin K. Rowsell (1968) reported that the coagulation fac
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tor activity of swine is identical to that of man in standard test systems 

for Factors II, V, VII, and X. Porcine coagulation activity for Factor IX 

was slightly increased over man. For these reasons, commercial reagents 

were chosen for the tests employed giving the advantages of standardization 

and stability not found in prepared reagents. 

Deykin (1970a) and Sirridge (1967) reviewed the coagulation factors 

depressed during warfarin poisoning or vitamin K deficiency. They reported 

that depression of Factors II, VII, IX, and X was associated with both sit

uations. Quick (1966) and Thomson (1970) listed the factors measured by 

OSPT as fibrinogen, Factor II, Factor V, Factor VII, and Factor X. These 

factors are part of the extrinsic system of the blood coagulation scheme as 

described by Langdell (1969). The APTT was recommended by Thomson (1970) 

to measure the intrinsic system of the coagulation scheme. The APTT meas

ures deficiencies in Factors II, V, VIII, IX, X, XI, and XII. It is more 

sensitive to abnormalities occurring at early stages of coagulation leading 

up to prothrombin activation. However, a minor clotting factor deficiency 

may be masked and compensated for by an elevation of one or more of other 

factors. 

When the extrinsic system alone is deficient, a lack of Factor VII is 

most likely. If the APTT is prolonged in the presence of a normal OSPT, 

Factors VIII or IX are generally deficient. When both OSPT and APTT are 

increased, a multiple deficiency involving Factors II, V, VII, IX, or X is 

usually indicated. 

The preparation of barium sulfate adsorbed plasma described by 

Langdell (1969) results in plasma deficient in Factors II, VII, IX, and X 

but rich in Factor V and Factor VIII. Thomson (1970) lists the factors 
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present in aged serum to include Factors VII, IX, X, XI, and XII. Owen 

et al. (1969) have devised a method for estimation of factor deficiencies 

by addition of adsorbed plasma and aged serum to plasmas with prolonged 

OSPT. This has been expanded to include use of the APTT^ as follows: 

APTT OSPT 

Original time Plasma Serum Plasma Serum Deficiency 

APTT OSPT reagent reagent reagent reagent indicated 

A^ c'' NC^ 
__6 — = VIII 

A N C C — - — XI, XII 

A N NC C - - — IX 

A A C NC C NC V 

A A NC C NC C X 

A A NC NC NC NC II 

N A — — — — NC C VII 

By the above scheme, a deficiency of Factors VII and X as well as 

probable deficiency in Factors II and IX was suspected in Trials 1 and 4. 

Hiis agrees with findings of Deykin (1970a), Sirridge (1967), and Owen 

et al. (1969) relative to warfarin therapy and vitamin K deficiency in man. 

No significant effect upon OSPT or APTT was found related to tylcsin-

sulfamethazine treatments used in Trial 3. A significant change in clot

ting time was noted in Trial 3 for the tylosin-sulfamethazine treated swine. 

The change in clotting time was not in agreement with the insigificant 

^Dade Division, American Hospital Supply, Miami, Florida 33152. 

2 
Abnormal time. 

3 
Normal time. 

4 
Corrected time. 

^Not corrected time. 

^Not applicable. 
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changes reported for OSPT and APTT in the same trial- Nor is the change in 

clotting time observed on the high tylosin-sulfamethazine with warfarin 

treatment during days 7 and 14 of the trial associated with decreases in 

clot retraction or plasma fibrinogen level. Messersmith ̂  al. (1967) 

studying combinations of sulfamethazine, aureomycin, and penicillin 

reported a decrease in clotting time with increased days on sulfamethazine. 

Some difficulties are encountered in the use of clotting time as a 

quantitative measure of the coagulation system. Rowsell (1968) suggested 

that tissue trauma with inclusion of Factor III in the sample would promote 

clotting at a more rapid rate. Didisheim et al. (1959) studied the coagu

lation systems of several mammalian species and concluded that clotting 

time appeared quite dependent upon variations in technique. Experimental 

technique in Trial 3, including bleeding procedure and oxalate dilution, 

was investigated with no indication of technical or procedural variation. 

Neither available literature nor subsequent clotting time findings were 

suggestive of the mechanism for increased clotting time in Trial 3. 

A significant elevation in OSPT and APTT was observed for those swine 

fed warfarin at a level of 0.0075 mg/lb of body weight in Trial 3. This 

was the effect expected from warfarin fed at low levels. However, the 

times did not approach the levels of Trial 1 where clinical hemorrhage was 

produced. The results of Trial 3, when swine were fed 2 levels of tylosin-

sulfamethazine combination with or without warfarin, support the conclu

sions of Griminger (1957), Udall (1965), Deykin (1970a), and Koch-Weser 

and Sellers (1971a) that in the presence of a normal diet, oral antibiot

ics do not enhance or contribute to clinical hypoprothrombinemia. Further

more, no evidence was found that 2 standard laboratory coagulation tests 
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were prolonged by antibiotic. If the increased clotting time of the group 

fed warfarin with high tylosin-sulfamethazine is considered in light of 

normal OSPT and APTT, then some nonvitamin K dependent clotting function 

may be involved. The marked and consistent changes in clotting time, OSPT, 

and APTT, seen in swine given only warfarin at 0.025 mg/lb, are evidence 

for a protective or competitive effect of tylosin-sulfamethazine against 

warfarin. 

Antibiotics or antibiotic combinations have not been previously 

reported as antagonistic to warfarin. Kabins (1972), Koch-Weser and 

Sellers (1971b), and Sher (1971) reported that drugs inhibiting the action 

of coumarins in man included barbiturates, glutethimide, griseofulvin, and 

heptabarbital. These drugs act either by enhancing coumarin metabolism or 

by inhibiting coumarin absorption. 

Robinson et^ al. (1971) reported that nonsystemic gastrointestinal 

drugs could interact with warfarin to form unabsorbable complexes. When 

warfarin ( K 5.6) entered the small intestine, it was raoidlv converted to 
p a ' ' • -

the anionic form which was bound to cholestyramine given orally. Koch-

Weser and Sellers (1971b) reported that cholestyramine binding of bile 

salts may lower the absorption of vitamin K and enhance coumarin action. 

Thus, the net effect of a drug such as cholestyramine must be elevated rel

ative to both warfarin binding and vitamin K absorption. 

In Trial 6, warfarin was administered orally with or without the con

comitant parenteral administration of sulfamethazine. The results indicate 

that the anti-hypoprothrombinemic effect observed from the oral tylosin-

sulfamethazine combination was also seen when sulfamethazine was given 
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parenterally. This would suggest that an intestinal antibacterial-warfarin 

complex is not involved in the antagonistic mechanism. 

Stowe (1965) reported that sulfonamides are bound to plasma albumin 

after absorption- Koch-Weser and Sellers (1971b) and Rabins (1972) con

cluded that sulfonamides increase the action of coumarin anticoagulants by 

displacement of warfarin from plasma binding sites. This effect has not 

specifically been reported for sulfamethazine. Welch et al. (1969) found 

that phenylbutazone and tolbutamide competed with warfarin for binding 

sites on human plasma albumin. Further studies indicated that long-term 

pre-treatment of dogs with phenylbutazone, tolbutamide, or phénobarbital 

markedly increased the tolerance of the animals to warfarin. This pre-

treatment parallels the prior administration of oral tylosin-sulfamethazine 

or parenteral sulfamethazine employed in experimental warfarin administra

tion. This effect is similar to the response described by Koch-Weser and 

Sellers (1971a) for hepatic microsomal enzyme inducers. 

Stowe (1955) indicated that sulfonamides are metabolized both by 

acetylation and oxidation. Furthermore, the proportion of acetylation 

versus oxidation varies with species and with type of sulfonamide. Thus, 

it seems appropriate that sulfamethazine may act to antagonize the toxic

ity of warfarin by initially increasing the proportion of unbound warfarin 

in plasma making it more rapidly available for metabolism and excretion. 

Secondly, a microsomal enzyme induction effect resulting from prior sulfa

methazine administration may increase the rate of warfarin metabolism to 

inactive metabolites similar to those found fay Ullrich and Staudinger 

(1968). 
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Tlio trial involving feeding of warfarin to swine in a single dose of 

1.25 mg/lb of body weight was designed to detect differences in the excre

tion of plasma warfarin for a control versus a sulfamethazine-treated ani

mal. The results indicate a high and prolonged plasma warfarin level for 

the control animal. This correlates with the markedly elevated prothrombin 

time, clinical hemorrhage, and death in the control animal while the sulfa

methazine pig remained clinically healthy with near-normal prothrombin time. 

Due to the highly significant correlations among OSPT, APTT, and clot

ting times, only OSPT or OSPT and clotting time were used subsequent to 

Trial 4 to assess the progress of coagulation factor deficiency. For the 

pig, prothrombin time appears to be a reliable and simple technique for 

screening potential coumarin poisoning in swine. 
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SUMMARY 

Pertinent literature on naturally occurring hemorrhagic diseases in 

poultry and livestock were reviewed and compared to recent outbreaks of a 

hemorrhagic syndrome in swine. Epizootiological, clinical, and hematologic 

data from porcine hemorrhagic disease suggested vitamin K-responsive hypo-

prothrombinemia. 

Warfarin was administered daily to 88 weanling pigs, either at a pre

determined subclinical level or at a clinically toxic level. The toxicity 

of warfarin was compared in swine receiving tylosin and sulfamethazine 

antibacterial combination versus those receiving warfarin only. 

Toxicosis was induced in weanling swine fed warfarin daily at 0.025 

mg/lb body weight. Approximately 5 days were required for clinical poison

ing to occur at that level of warfarin. Characteristic clinical signs are 

lameness, anorexia, subcutaneous hematomata, melena, and periarticular 

enlargement. 

Administration of warfarin at 0.005 and 0.0075 mg/lb did not cause 

clinical toxicosis, while 0.0125 mg/lb produced significant increases in 

One-Stage Prothrombin Time (OSPT) and Activated Partial Thromboplastin Time 

(APTT). When tylosin-sulfamethazine antibacterial combination was fed at 

normal and high levels concurrently with warfarin at 0.0075 mg/lb body 

weight, no elevation of clotting time, OSPT, or APTT was observed due to 

antibacterial action. The antibacterial combination fed alone did not pro

duce changes in clotting time, OSPT, APTT, fibrinogen, total protein, dif

ferential leucocyte count, or packed cell volume. 
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When toxicosis was induced by feeding warfarin at 0.025 mg/lb body 

weight, a significant protective effect was observed both from tylosin-

sulfamethazine given orally and sulfamethazine administered parenterally. 

Of two pigs given warfarin at 1.25 mg/lb body weight, the pig treated 

daily with parenteral sulfamethazine had lower plasma warfarin levels and 

returned more quickly toward normal than did the animal receiving only war

farin. This supports the hypothesis that swine are protected from warfarin 

poisoning due to increased drug metabolism or excretion stimulated by sulfa

methazine. 

Increases in clotting time, OSPT, and APTT correlate well with one 

another, and the OSPT would be a suitable laboratory procedure for screen

ing potential natural vitamin K antagonists similar to dicoumarol or war

farin. At prothrombin times approaching 30 seconds, severe clinical hemor

rhage may be expected. 

These studies largely dispel the theory that antibiotics are detrimen

tal tc the vitasin K or prothrombin complex status of swine. Furthermore, 

evidence was obtained to support the conclusion that tylosin-sulfamethazine 

or sulfamethazine protect or ameliorate clinical hypoprothrombinemia in 

swine exposed to warfarin. 
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