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PHENOTHIAZINE-SALT MIXTURES AS AN
ANTHELMINTIC FOR SHEEP

R. J. WEBB axp J. M. LEWIS*
University of Illinois, Urbana, Illinois

Since Harwood and associates
(1939) of the Bureau of Animal In-
dustry demonstrated the efficiency
ot phenothiazine in removing vari-
ous species of nematodes, the effi-
cieney of this chemical for removing
intestinal parasites of sheep has been
confirmed by many other investi-
gators. The Illinois Experiment
Station reported in 1941, 1942a, and
1942h, favorable results as judged
by Stoll counts following the treat-
ment of sheep, goats, and horses for
strongyles. At the Illinois Station
phenothiazine had been administer-
ed to parasitized lambs in gelatine
capsules, boluses, liquid, blackstrap
molasses, and soya bean pellets.

Since the effectiveness of pheno-
thiazine has been demonstrated in
removing nodular worms, stomach
worms, and bankrupt worms of
sheep, attempts have been made to
simplify the methods of administer-
ing the drug to them. One of the
most popular of the suggestions has
been the incorporation of the chemi-
cal with salt and offering the mix-
ture as a lick. Habermann and
Shorb found phenothiazine-salt mix-
tures in proportions of from 1:9 to
1:14 to be effective in reducing the
larval counts in fecal eultures. The
average daily consumption of pheno-
thiazine was at least 0.5 gram per
sheep. Earlier, Shorb and Haber-
mann pointed out that daily admin-
istration of 0.5 gram doses of the
drug completely inhibited the devel-
opment of all nematode larvae with

the exception of Strongyloides papil-
losus. Viable larvae again appeared
in the fecal cultures 48 hours after
withdrawal of the drug. The egg
count was not at any time reduced.
Gordon arrived at essentially the
same conclusions. Britton, Miller,
and Cameron in an uncontrolled ob-
servation with 830 ewes and lambs
reported a definite anthelmintic ef-
feet of a 1:15 phenothiazine-salt
mixture. In a second and more com-
prehensive report involving con-
trolled experiments, the same au-
thors again reported favorably upon
a 1:15 phenothiazine-salt mixture as
a practical and effective anthelmin-
tic for sheep. A 1:9 phenothiazine-
salt mixture, according to Thorp
and Keith, reduced the numbers of
nematode ova in the feces of para-
sitized sheep. The elimination of
cva remained low as long as the
mixture was fed. Foster and Haber-
mann recommend the use of mix-
tures containing from 9 to 14 parts
of salt to one part of phenothiazine
in the control of ovine nematodes.
They caution, however, that the use
¢t phenothiazine in salt should be
regarded as a preventive rather than
a therapeutie procedure.

This paper is an attempt to ount-
line two years work (1943, 1944) at
the Dixon Springs Experiment Sta-
tion, Pope County, Illinois, to study
the effectiveness of phenothiazine-
salt mixture in controlling ovine
nematodes on pasture.
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PLAN

In the 1943 tests approximately
600 mature western ewes, maintain-
ed at the Dixon Springs Experiment
Station, were made available for the
experiment. Rarly in January the
sheep were brought in from pastures
for dry lot feeding. They were di-
vided at random into three lots of
196 ewes each. Each ewe was dosed
with two ounces of a 50 percent sus-
pension of phenothiazine in molasses
and water. They had been dosed
similarly for the preceding several
months. Mixed hay (mainly Iles-
pedeza and grass) was fed to all lots,
together with one pound of shelled
corn and one-fourth pound of soy-
bean oil meal daily per head. Be-
oinning January 15 a 1:14 pheno-
thiazine-salt mixture was made
available to the ewes in Lot 3. They
were also provided with a mineral
mixture of equal parts limestone and
bone meal. Lots 1 and 2 had access
to a mixture of salt, limestone, and
hone meal.

Lambing oeeurred in the three
lots during February, March, and
April. The experimental ireatment
of these lots of ewes and lambs was
planned as follows: Lot 1, the con-
trol group, was to be maintained
without further phenothiazine med-
ication. Lot 2 was to be dosed with
phenothiazine, one ounce per ewe,
one-half ounce per lamb, at the be-
ginning of the pasture season and
thereafter maintained upon a 1:14
phenothiazine-salt mixture, Lot 3
was to be maintained continuously,
both in the dry lot and at pasture,
on the 1:14 phenothiazine-salt mix-
ture. In order to limit losses how-
ever, it was planned to treat the
sheep in any lot with a therapeutic
dose when and if parasitism became
marked.

The degree of parasitism was to be
estimated by fecal examinations for
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the presence of nematode ova and by
autopsy examinations of representa-
tive ewes and lambs at time of mar-
keting. The rate of gain and general
condition were to be determined by
inspection and periodic weighing.

The pastures ranged from one
hundred to three hundred acres in
size. Because of an unusual amount
of rain during the spring and early
summer growth of forage was excel-
lent and ample. With one exception
the pasture for each lot was changed
once a month.

FECAL, EXAMINATIONS AND POST-
MORTEM INSPECTION

At the beginning of the pasture
season and continuing at monthly
intervals throughout the spring and
summer fecal specimens were colleet-
ed from a random selection of 25
ewes and 25 lambs in each lot. A
similar collection had been made
from the ewes in Lot 3 early in Jan-
uary. Preliminary observations (flo-
tation) showed nematode ova to be
present, and a two-gram portion of
each fecal sample was preserved
with 2ce. of 25 percent formalin.
The specimens were then returned
to the Department of Animal Path-
ology Laboratory at Urbana for de-
termination of the nematode ova
present according to the Stoll tech-
nie. At the time of slaughter the
intestines from representative ani-
mals were observed for the presence
and the relative numbers of para-
sites and parasitic nodules. The abo-
masum was opened and a portion of
the contents removed and preserved
in formalin for nematode examina-
tion.

RESULTS
Clinieal Observations and Relative
Gains

The ewes, together with their
lambs, were turned to pasture April
25. The system of pasture rotation
is set forth in Table 1.
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TABLE 1.—PASTURE RoTATION AMONG THE THREE LOTS OF EWES AND LAMES

Pasture
Time of pasture

Elam | South | Phelps | Wells | Experiment 8

Lot Lot Lot Lot Lot
April 25-May 26................ 3 2 | ] (ST | SO
ay 27-June 28, ............... 1 3 | IR [l

June 20-August 3...............|........ 3 lf‘ 2 le

1b

During the first month on pasture
none of the sheep developed clinical
manifestations of parasitism. Tt
was expected however that the pas-
ture occupied by the sheep in Lot 1,
the untreated group, would become
contaminated and that this pasture,
subsequently occupied by the second
lot, would serve to test the effective-
ness of a 1:14 phenothiazine-salt
mixture in protecting ewes and
lambs from parasites when exposed
tc infection. The sheep and
lambs of Lot 3, maintained contin-
uously upon phenothiazine-salt mix-
ture since January, were never ex-
posed to similar infestation during
the pasture season, although at the
end of the first month on pasture
they were placed on the pasture
previously grazed by animals of Lot
2

At the end of the seecond month
or pasture, the ewes and lambs in
Lot 2, given access to 1:14 pheno-
thiazine-salt mixture but maintained
for four weeks upon a eontaminated
pasture, had developed marked clini-
cal manifestations of parasitism.
The sacrifice of two ewes and one
lamb from this group confirmed the
diagnosis. All ewes and lambs in
this lot were treated with phenothia-
zine and placed on clean pasture.
Both ewes and lambs in Lot 1 also
showed evidences of parasitism but

not to the same degree as those in
the second group. Lot 1 was di-
vided into three groups as follows:
Group a—20 ewes and their 20

lambs were untreated.

Group b—62 ewes and 35 lambs
were drenched with phe-
nothiazine, one ounce per
ewe, one-half ounce per
lamb.

Group ¢—-105 ewes and 107 lambs
drenched as Group b and
offered a 1:9 phenothia-
zine-salt mixture,

The ewes and lambs in Lot 3, main-

tained upon a 1:14 phenothiazine-

salt mixture but not placed upon a

pasture recently oceupied by heavi-

Iy parasitized, untreated sheep, re-

mained in good econdition. Their

pasture was not changed after May

27 at which time they were put in

the pasture occupied the previous

month by sheep of Lot 2. The gains
for the various pasture periods are

eiven in Table 2.

Examination of the data in Table

2 indicates that both ewes and lambs

in Lot 3, maintained continuously

upon 1:14 phenothiazine-salt mix-

ture, made satisfactory gains. As

will be noted in Table 1, they fol-
lowed Lot 2 in the pasture rotation
and were kept on this same pasture
until August 3. On the other hand,
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TABLE 2.—AVERAGE INDIVIDUAL GAINS MADE BY EwWEs AND LaMBS BY PERIODS
May 27 1o AvcusT 3—68 DAYs

]
Lot 1 Lot 2 Lot 3
Period - -
| Ewes | Lambs | Ewes | Lambs | Ewes | Lambs
Group Ibs. Ibs. Ibs. Ibs. Ibs. 1bs.
May 27-June 27. . ... +1.1 +5.7| —2.9| —7.9 +2.8 | 411.5
June 28-August 3. ... a +14.5| +4.9, +87| +8.0 | +20.2 | +16.6
b +20.0 | +17.4
e +17.4 | +17.6

TABLE 3.—LOGARITHMIC AVERAGES OF NEMATODE OvA DETERMINATION

Date of Collection

Lot
1-15 4-27 5-27 6-28 8-3
L ERTGHL . o vevemeieen i 8 i R R | s 4,600 225 180 190
P EWES....oveinrcerrnnerasnnaennsss]onsireas 2,800 52 20 24
BEWeS. ...t 4 165 91 32 11
LLambs. . ..o oitiieniannne i 37 3,300 3,900
U T et 15 iR PRNPIY RS 22 1,036 274
B TAmMbE: . oo i osimsiemes sgasas |poseegeele e o yulo vl 793 48

the gains shown for Lot 2 were very
unsatisfactory. Lot 2 was given the
same phenothiazine-salt mixture but
followed the untreated sheep of Lot
1 in the pasture rotation. The gains
made in Lot 1 were also unsatisfac-
tory ; however, the sheep of Group
b and ¢ did make satisfactory gains
after treatment.

EGG COUNTS

In Table 3 is given a summary of
the nematode ova contents of the
tecal specimens as determined by the
Stoll technie. Twenty-five fecal
samples were collected at monthly
intervals from the ewes and from the
lambs in each lot. The results given
in Table 3 are the logarithmic aver-
ages (nematode ova per gram of
feces) of each series of 25 samples.

The nematode ova determinations
of fecal samples as a means of esti-
mating the degree of parasitism and
as a measure of anthelmintic effi-
ciency proved in this experiment to
be of limited value. It would be
dedueted from Table 3, for example,
that the ewes in Lots 1 and 2 initi-
ally were heavily parasitized at the
time they were turned to pasture,
but subsequently eliminated most of
the infestation. It would be further
deduced that the lambs in Lot 1 were
more heavily parasitized than those
in Lot 2. These deductions are not
supported by observations on com-
parative rates of gain, mortality
ficures, and post-mortem examina-
tion. Just why nematode ova deter-
minations of fecal specimens accord-
ing to the Stoll technic failed to cor-
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TABLE 4—CONSUMPTION OF THE PHENOTHIAZINE-SALT MIXTURE
] Consumption Average
o daily
Period Lot |Lambs| Ewes | Mix- consumption
ture Average of
Total | monthly | phenothiazine
Ihs. Ihs. grams
April 25-May 26....... 2 163 187 | 1:14 220 0.63 0.60
April 25-May 26.. .. ... 3| 157 | 191 | 1:14 | 200 0.57 0.54
May 29-June 28 . . .. .. 2 152 184 | 1:14 177 0.53 0.53
May 29-June 28. . ... .. 3 158 190 | 1:14 130 0.37 0.38
June 29-August 2. . .. 1 96 | 105 | 1:9 90 0.45 0.60
June 29-August 2. .. ... 2| 150 | 183 | 1:14 | 225 0.68 0.60
June 29-August 2. .. ... 3 157 190 | 1:14 221 0.64 0.57

relate with elinical manifestations is
not clear, but probably several
factors are involved. One of these
would be variations in fecal moisture
content. The feces of sheep on dry
lot contain less water than those of
sheep on pasture; and, the feces of
healthy sheep are more solid than
those of parasitized animals, the lat-
ter often showing profuse diarrhea.
An increase in the fecal water con-
tent obviously would reduce the ova
obtained per unit mass of feces in
parasitized sheep. Leiper and Peters
determined statistically that varia-
tions in weight are more sensitive in-
dicators of amthelmintic efficiency
than are egg counts. Our observa-
tions tend to support this conelusion.

CONSUMPTION
OF THE PHENOTHIAZINE-SALT
MIXTURE

During the period of observation
1,173 pounds of the 1:14 phenothia-
zine-salt mixture were fed to the
ewes and lambs in Lots 2 and 3.
Group e, Lot 1, consumed 90 pounds
of the 1:9 mixture. This represents
a monthly consumption of 55 pounds
per 100 head of sheep, or a pheno-
thiazine consumption of the drug
per animal was 0.55 gram daily.

POST-MORTEM EXAMINATIONS

Portions of the intestinal tracts of
169 lambs from the three lots and
the 20 untreated ewes in Lot 1 were
examined at the time of slaughter
in the packing plant. The intestines
were examined for the presence and
the relative numbers of parasitie
nodules while the abomasum was
opened and inspected for the pres-
ence of stomach worms. All examin-
ations were necessarily qualitative
in nature due to the impossibility
of slewing up slaughter plant oper-
ations. A summary of these results
is given in Table 5.

It is seen from the above that the
lambs in Lot 3, even though making
satisfactory progress, nevertheless
suffered from a degree of parasitic
irfestation. From the large num-
bers of nodules found on the intes-
tines, the lambs in Lot 2 evidently
were the most heavily parasitized of
the groups examined. This group
made the poorest gains and suffered
the greatest mortality (Table 2).

The ewes and lambs in the control
group, Lot 1, as would be expected,
showed marked parasitism. It is of
interest to note however, that this
group, although untreated since
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TaBLE 5.—PosT-MorTEM EXAMINATION oF 189 SHEEP

Stomach Nodulation on intestines
Number worm i e
Lot examined | infestation

Tree Moderate | Heavy
laBEwes. ................. 20 | Moderate. .. 0+ 4+ 16+
la Lambs. . .. ... ..... .. . 18 | Heavy. . ... 0 16 2
Th LRINDS ..o ne-cmmonswis sids 15 | Moderate. .. 0 9 6
le Lambs. ... ............ 21 | Light...... 0 16 5
2 Lambas e 20 | Light..... . 0 0 20
3 LAMb8: s mmmmimig 55 | Light. ... .. 6 83 6

TABLE 6.—AVERAGE WEIGHTS 0F LAMBS AT MARKET TIME AND SELLING PRICE

Av. weight | Selling

Lot No. in Av. lot No. of lambs price,

lot weight marketed | marketed cwt.,

Ihs. lhs.

18, e 19 52.6 18 52.6 211.25
1 » J DDA 34 64.6 15 64.6 11.25
B0t s s o Wi s e ) s 96 61.0 21 74.0 11.25
e G R ST B T 150 56.0 20 75.0 11.25
B R R 157 71.6 95 76.5 14.25

January, suffered less damage from
parasitism than the treated ewes and
lambs in Lot 2. This apparent in-
consisteney is explained by the sys-
tem of pasture rotation used (Table
1). Also of interest is the effect the
drenching with phenothiazine, Lot
1b, and the drenching plus 1:9 phe-
nothiazine-salt mixture, Lot 1le, had
on the parasitic infestation. It may
be reasonably assumed that the ex-
posure to infestation in Lot 2, one
of the groups upon 1:14 phenothia-
zine-salt mixture, was greater than
that of Lot 1. Lot 2 suffered the
greater damage. The table below

eives the weights of the various lots
at marketing time, August 3.

Very few of the lambs in Lots 1
and 2 were fat enough to make satis-
factory carcasses. The lambs in Lot
3 carried considerable finish.

1944 sTUDY

The second phase of the work at
the Dixon Springs Experiment Sta-
tion with the phenothiazine-salt mix-
ture was carried on in 1944. The
objeet of this phase was to compare
the efficieney of a 1:14 and a 1:9
phenothiazine-salt mixture as an an-
thelmintic for ovine nematodes.
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TaBLE 7.—CONSUMPTION OF PHENOTHIAZINE IN A 1:9 Axp A 1:14
PHENOTHIAZINE-SALT MIXTURE

Consumption
Mix- No. No. e i
Period ture ewes lambs Phenothiazine
Total | Mixture per head
mixture | per head per day
Ihs. Ibs. grams

May 1-June 17....... 1: 219 247 538 1.15 1.23
May 1-June 18.. .. ... 1:14 185 202 489 1.26 0.83

PLAN

All sheep at the Station were in-
cluded in the tests. They were all
given individual doses of one ounce
of phenothiazine in a drench the first
week in January although they had
been on a 1:14 phenothiazine-salt
mixture since August, 1943. The
phenothiazine-salt lick was then dis-
continued for the remainder of the
winter period. All ewes and rams
were given the one ounce drench
again in April before going on pas-
ture. The lambs were not treated.
They were then put on pasture and
both ewes and lambs had access to
phenothiazine-salt mixtures as fol-
lows:

A lot of about 200 ewes and their
lambs, Lot 1, was maintained on a
1:14 phenothiazine lick. A similar
lot, Lot 2, was maintained on a 1:9
mixture. The remainder of the
sheep at the Station were given ac-
cess free-choice to both 1:14 and 1:9
phenothiazine-salt mixtures.

However, due to the severe drouth
which began early in the summer,
the pastures intended for Lots 1 and
2 became very poor, and the lots
were combined and offered a free-
choice of 1:14 and 1:9. Thus, the
free-choice lot was the only one car-
ried throughout the grazing period.

Lots 1 and 2 were carried on 1:9
and 1:14 phenothiazine-salt mix-

tures from May 1 until the middle of
June, and the phenothiazine intake
is shown in Table 7.

The average daily eonsumption of
phenothiazine per sheep as shown in
this table is econsiderably higher
than many other investigators re-
port. The amount consumed in the
1:9 mixture was 48 percent greater
than that consumed in the 1:14 mix-
ture. The total mix eonsumption on
the other hand shows only a slight
difference. Thus, the amount of phe-
nothiazine consumed varied directly
with the concentration of the mix-
ture.

In the group having access to both
the 1:9 and the 1:14 mixtures free-
choice, 1,029 pounds of the 1:9 mix-
ture were consumed and 1,511
pounds of the 1:14 mixture were
consumed. Thus, the phenothiazine
intake was about the same, 114
pounds and 108 pounds respectively.
The salt consumption was inereased
about 53 percent when the pheno-
thiazine-salt mixture was fed com-
pared to a 1:9 mixture.

On July 7, 1944, the lambs were
weaned from the ewes and put in
dry lot for feeding. Their identity
was kept according to treatment
during the pasture period. When
they were slanghtered examination
was made of the intestinal tract of
the lambs. The results are shown in
Table 8.
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TABLE 8.—RESULTS OF SLAUGHTER EXAMINATION

93 lambs fed 1:9 phenothiazine-salt mixture:

Stomach worms (Haemonchus)
64 or 68.8% free
29 or 31.29% light

Nodules on Caecum
45 or 48.49% free
41 or 44.1% 1—5

7 or 7.59% 6—25
0 over 25

47 lambs fed 1:14 phenothiazine-salt mixture:

Stomach worms ( Haemonchus)
33 or 70.29% free
14 or 29.89; light

An additional 109 lambs which
had access to both 1:9 and 1:14 free-
choice were examined for nodules on
the intestines. On 59 or 54.1% no
nodules were found, 42 or 38.5%
showed a light nodulation of 1 to 5
nodules; 4 or 3.7% a medium nodu-
lation of 6 to 25 nodules; and, 4 or
2.7% showed over 25 nodules per
lamb.

In eeneral these infestations are
very light compared to previous
years. The dry lot feeding no doubt
had some bearing on this light in-
festation.

DISCUSSION

It is known that the administra-
tion of small repeated doses of phe-
nothiazine to sheep, such as would
be received in a salt mixture, proba-
bly exerts its major anthelmintic
action not through elimination of
worms from the intestinal tract, but
from a suppressed development of
the egos to the infective larval form.
This is clearly indieated in the ob-
servations of Shorb and Habermann
and of Shorb and Gordon. It ap-
pears, therefore, that the greatest
benefits should be derived from the
feeding of a phenothiazine-salt mix-
¢nre when sheep, relatively free
from internal parasites, are placed
1ipon an uncontaminated pasture.

Such a plan for nematode control
in sheep is made more practical by
recent disclosures that the larvae of
these parasites do not survive as
long on pastures as has previously

Nodules on Caecum
22 or 46.8% free
23 or 489% 1—5

1or 23% 6—25
0 over 25

been thought. In the climatic con-
ditions prevailing in the vicinity of
Washington, D. C., Sarles, and
Kates have shown that pastures
heavily contaminated with egg-con-
taining feces during one grazing sea-
son become largely non-infective for
parasite-free lambs the following
spring and summer. Using labora-
tory procedures only and working
with Haemonchus contortus, Shorb,
also working near Washington, fail-
ed to demonstrate over-winter sur-
vival of the larvae.

In an earlier and even more re-
vealing article, Shorb showed the
survival period of the common
nematode larvae parasitic for sheep
te be limited on summer pastures
even in the presence of abundant
shade and moisture. One such con-
taminated pasture apparently be-
came non-infective for parasite-free
Jambs in the short space of only two
months. It is shown in the same
paper that eggs passed during the
winter and early spring do not de-
velop to the infective larval stage.
Feed-lot infestation of sheep, there-
tore, except during periods of un-
usually warm weather, may be of
negligible importance.

From the observations reported in
this paper and the other papers men-
tioned, a practical procedure for
nematode control in sheep for the
northern states might tentatively
consist of individual, prepasture
treatment of the ewes with the thera-
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peutic dose of phenothiazine and
their maintenance thereafter at pas-
ture, together with the lambs, on a
phenothiazine-salt mixture in
range of 1:9 to 1:14. It is believed
a therapeutic dose of phenothiazine
should also be given at the end of the
pasture season. Ior best results, the
animals should not at any time be
maintained upon pasture occupied
by parasitized untreated sheep dur-
ing the preceding two months.

SUMMARY AND CONCLUSION

A lot of 348 sheep (191 ewes, 157
lambs) maintained continuously up-
on a 1:14 phenothiazine-salt mixture
throughout the dry lot and grazing
seasons and handled as an isolated
unit without contaet, direct or indi-
rect, with heavily parasitized, un-
treated sheep, made a total gain of
8,670 pounds from May 27 to Au-
gust 3 (10 weeks). One animal died.
Their progress was considered satis-
factory. Post-mortem examinations
of 95 lambs from this group showed
internal parasites to be present. The
phenothiazine-salt medication, there-
fore, markedly suppressed but did
not eliminate nematode infestation.

A seeond lot of 350 sheep (187
ewes, 163 lambs) treated individu-
ally with phenothiazine at the be-
ginning of the grazing season and
maintained thereafter upon the
same phenothiazine-salt mixture but
placed upon a pasture oceupied the
previous month by parasitized, un-
treated sheep, made a total gain of
only 10 pounds in the same period.
Fourteen of these animals died and
three others were sacrificed becaunse
of debility. Losses in this group un-
doubtedly would have been much
larger if they had not been treated
individually with phenothiazine and
placed on eclean pasture. Post-
mortem examination of 20 repre-
sentative lambs indicated this group
to be heavily parasitized.

Mixztures for Sheep

the
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A third lot of 359 sheep (197
ewes, 162 lambs) which was not
treated after the treatment given at
the end of the previous pasture sea-
son developed marked symptoms of
parasitism at the end of the second
month on pasture. It was found
they infested the pasture on which
Lot 2 was placed the second month
of the pasture season. Division of
this lot and treatment with a thera-
reutic dose of phenothiazine of all
but 20 ewes and 20 lambs in this lot
caused a marked recovery and in-
crease in the gains. Post-mortem
examinations, however, showed this
iot to be rather heavily parasitized.

The 1944 phase of the work com-
pared the efficiency of a 1:9 and
1:14 phenothiazine-salt mixture in
controlling ovine nematodes. The
lot receiving 1:9 consumed about
48% more phenothiazine over a 48-
day-period than the lot receiving the
1:14 mixture. When offered both
mixtures free-chcice the amount of
phenothiazine consumed was about
the same, 114 pounds in the 1:9 mix-
ture and 108 pounds in the 1:14
mixture. The total consumption of
the mix, however, when offered free-
choice was 53% greater in the case
of the 1:14 phenothiazine-salt mix-
ture.

From the observations made dur-
ing 1943 and 1944 at the Dixon
Springs Experiment Station it is
concluded that a 1:9 or a 1:14 phe-
nothiazine-salt mixture markedly
protected the sheep from excessive
parasitism when the animals, rela-
tively free from internal parasites at
the beginning of the trial were main-
tained without contacting, directly
or indirectly, other sheep. The same
phenothiazine-salt mixture did not.
however, protect sheep when they
were placed upon a pasture recently
contaminated by parasitized, un- .
treated sheep.
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