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tl. INTRODUCTION

The present studies were originally undertaken in

an effort to stain the larvae of Trichinella spiralis in

the course of their migration through the blood of a rat

by vital stains, injected intraperitoneally into infect­

ed rats. The two stains employed were a sterile 0.5 per­

cent solution of Orth's lithium carmine and a sterile 0.5

percent solution of trypan blue. No mention could be

found in the available literature of any other work on
this or any similar problem though several workers (Oow-
dry, 1943; Faust, 1939; Guyer, 1946) give prodeedures

for demonstrating and staining the dead larvae, and McCoy,
Downing and Voorhis (1941) give methods for investigating

the larvae with radio-active phosphorus.
Another experimental problem developed from the re­

sults obtained from the preliminary experiments. At au­

topsy, ten days after infection, each of the four rats

injected with lithium carmine or trypan blue in the first
experiments were found to be negative for Trichinosis.

This suggested the possibility that some principles in the

stains were toxic to the worms. Experiments were then de­
vised and carried out to test the effects of the stains on
the worms in vitro, and the effect of lithium carbonate

and strontium lactate on the worms in vitro and in vivo.



The writer wishes to express appreciation to the

members of the staff of the Biology Department, Univer­

sity of Alabama, for their help and constructive cri­

ticisms which made these studies possible.
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II. MATERIALS AND METHODS

First Rat Series
A rat was experimentally infected by introducing

approximately three hundred larvae of Trichinella spir­
alis into the esophagus with a pipette. Three months

later this rat was killed with ether in a battery jar,

decapitated, skinned and eviscerated. The diaphragm was

examined in a tri chinoscope and was found to contain
numerous cysts with coiled larvae. The ribs and inter­

costal muscles of one side of the thorax were removed

and the diaphragm was divided into three equal parts.

The number of cysts present in each of these four in­

fected samples was determined.
Four rats, previously starved for two days, were

chosen at random from the colony on hand and were mark­

ed, isolated and designated as Aj_, Ag, A3 and A4. One
side of the thorax which included the ribs and infected
intercostal muscles was given to rat Ajj the rat was ob­

served to consume the entire ration. Rat A2 was force-
fed one of the portions of the infected diaphragm con­
taining approximately three hundred capsules. Rats Ag
and A4 were each force-fed the remaining portions of
the infected diaphragm, each ration containing approx­

imately two hundred and fifty capsules. The rats were
then, returned to their cages and were again given their 
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regular diet of laboratory chow and water.

A stock solution of lithium carmine stain was pre­

pared in the following manner according to Cowdry (1943).

Five grams of carmine rubrum were cooked in lOOcc. of

saturated aqueous lithium carbonate for fifteen minutes.

The solution was filtered while hot, allowed to cool,

filtered again and stored in a sterile container. A 0.5

percent solution was prepared by adding 15cc. of dis­

tilled water to 5cc. of stock solution.

A 0.5 percent solution of trypan blue was prepared

by adding 1 gram of trypan blue to 200cc. of physiological
saline (0.9 percent). The solution was then filtered and

stored in a sterile container.
Forty eight hours after infection and at regular in­

tervals thereafter, rats Aj_ and Ag were anaesthetized
with ether and were given intraperitoneal injections of
0.5 percent solutions of lithium carmine while rats Aj
and A4 were injected with 0.5 percent solutions of try­

pan blue as indicated in Table 1.
On the ninth, tenth or eleventh days after infec­

tions, the rats were anaesthetized and blood was remov­

ed from the heart of each rat with a syringe before death.
On extraction, the blood was mixed with a 10 percent sol­
ution of potassium oxalate, an anticoagulant, in the pro­
portions of 0.1ml. of oxalate for each 6-10ml. of blood
(Hawk, Oser, Summerson, 1947). The blood was then placed



Table 1

First Rat Series

Schedule of Injections and Autopsies

*Q,uantity of stain injected expressed in milliliters

Rat Infection Stain
hours after infection

48 72 96 120 144 168 192 216 240 264

A1 8gm. inter­
costal muscle

lithium
carmine 2 **« 1 —■ 1.5 1.5 1.5 1.5 kill

A2 c. 300 larvae
in diaphragm

lithium
carmine 2 — 1 1 1.5 1.5 — kill

A3 C. 300 larvae
in diaphragm

trypan
blue 2 2 2 1.5 1.5 1.5 1.5 1.5 1.5 kill

A4 o. 250 larvae
in diaphragm

trypan
blue 2 2 2 1.5 1.5 1.5 1.5 1.5 kill
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in a clinical centrifuge for five minutes and the sediment

was examined for the presence of larvae with a low pow­

er microscope.

Portions of the diaphragm, masseter and leg muscles

were removed, pressed in a trichinoscope and examined

with a low power microscope for the presence of the young

larvae among the muscle fibers.

Portions of the duodenum, jejunum and ileum of rat

Ai were removed and placed in 10 percent formalin. These

were later cleared in aniline and sectioned. The sec­

tions were mounted, stained with Bullard’s hematoxylin

and examined for adults in the mucosa.

First Kimball Dish Series
Another rat, infected two months previously by in-

tra-esophageal introduction of apprpximately 300 larvae,
was killed with ether, decapitated, skinned and eviscer­

ated. The carcass, weighing 135 grams, was cut up with
scissors into small pieces of approximately one cubic
centimeter in volume.

A peptic digest fluid was prepared by adding 5 grams

of pepsin and 7cc. of concentrated hydrochloric acid to
each liter of distilled water. One liter of this diges­
tive fluid was poured into each of three large wide-mouth­

ed jars and into each jar was placed approximataly 35
grams of infected meat.
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Each jar was then placed in a water bath in an in­
cubator maintained at approximately 37°C. by a series of

electric light bulbs. Compressed air was forced into

each jar by the introduction of a rubber hose connected

to an air compressor in order to keep the digestive fluid

and meat in constant agitation. Thirteen hours later,

when all the meat had been apparently digested, the jars

were removed from the water bath and the contents were

allowed to settle at least fifteen minutes.

The supernatant fluid was then withdrawn from the

surface downward by means of a bent glass tube inserted

in a rubber hose siphon as shown in figure a, p. 8. The

end of the glass tube was held just beneath the surface of

the water in order not to disturb the larvae which had

settled to the bottom. The fluid was withdrawn to approx­

imately two inches from the bottom of the jars.

The jars were then refilled and the supernatent fluid

was siphoned off three times at fifteen minute intervals.

The solution was thus clarified and diluted so that when
the fluid remaining in the bottom of each jar was trans­
ferred to a Kimball dish, the worms and a minimal amount

of unavoidable solid particles of debris were clearly vis­
ible. The dishes containing the larvae were then removed
to an oven maintained at 37°C.

A large number of worms were removed from the bot—
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tom of the Kimball dishes with a large pipette and trans­

ferred to a flat-bottomed petri dish. Living larvae were

then counted and removed by means of a fine-pointed pi­

pette. The diameter of the opening in this pipette mea­

sured approximately 0.5mm. One hundred larvae were thus

removed and placed into each of five small Kimball dishes

each of which contained 15ml. of 0.75 percent saline.

Only those larvae which were actively moving or tightly

coiled were transferred since those which were relaxed

into motionless "C-shaped" positions were apparently

dead.
The small Kimball dishes were designated as No. 1,

No. 2, No. 3, NO. 4, and No. 5. Dish No. 1 was kept as

a control. To No. 2 was added See. of 0.5 percent li­
thium carmine. To No. 3 was added Ico. of 0.5 percent
lithium carmi ne. To No. 4 was added 3cc. of 0.5 percent

trypan blue and to No. 5 was added lee. of 0.5 percent
trypan blue. All dishes were covered and kept in an o-
ven maintained at 37°0. At regular intervals, the dishes

were placed on the stage of a low power microscope and
were examined. All dead larvae were counted and removed
with the fine-pointed pipette to determine the rate of
survival of larvae in the different solutions.

Second Kimball Dish Series
Another rat, experimentally infected fifty five days 
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earlier by intra-esophageal introduction of 300 larvae

with a pipette was slightly over-anaesthetized with

ether in a battery jar. This rat was dressed and the

carcass was digested as previously described. The lar­

vae were recovered from the digestive fluid and stored
in Kimball dishes in an oven maintained at 37°C. A

large number of larvae were removed from the bottom of

the Kimball dishes with a large pipette and transferred

to a petri dish on the stage of a low power microscope.
The larvae were counted as they were drawn into the neck
of a fine-pointed pipette. Nine hundred living larvae
were removed and one hundred were placed in each ofnine
small Kimball dishes containing 15cc. of physiological

salt solution. The dishes were designated as Nos. lb

through 9b. Except for dish No. lb, the control, the
following amounts of strontium chloride, strontium lac­

tate, lithium chloride or lithium carbonate were added

to dishes 2b-9bs

to No. 2b, Soo. of 0.5 percent strontium chloride

to No. 3b, lee. of 0.5 percent strontium chloride
to No. 4b, 3cc. of 0.5 percent strontium lactate

to No. 5b, loc. of 0.5 percent strontium lactate
to No. 6b, 3cc. of 0.5 percent lithium chloride
to No. 7b, Ico. of 0.5 percent lithium chloride
to No. 8b, Sec. of 0.5 percent lithium carbonate
to No. 9b, loc. of 0.5 percent lithium carbonate.
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During the first twenty five hour period, each

dish was examined with a low power (SOX magnification)

binocular microscope. The dead larvae were counted and

removed at regular intervals. The sixth count was made

forty hours after placing the larvae in the dishes; the

seventh at fifty hours and the eighth and final count

at sixty five hours. The larvae were considered to be

dead when they became absolutely motionless in very

loose coils or else when they were motionless and relax­
ed in the characteristic loose ’’C-shaped" positions.

Small, contaminating growths of fungi were observed

in each of the dishes but when encountered during the

examinations, these were easily removed with a pipette.

Second Rat Series

An additional 3,300 living larvae of Trichinella

spiralis were removed from the Kimball dishes with a

fine-pointed pipette. These larvae were placed in
groups of 300 into eleven small test tubes which were
stored in an oven at 37°C.

A large pipette was used as a tube for infecting
the rats. The small opening at the tip was delicately
sealed with gum (fig. b, p. 8) and a small amount of

water was placed into the tube to test for leakage.

After properly sealing the tip of the infecting tube
with gum, the contents of one of the small test tubes
was transferred with another pipette to the sealed in­
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fecting tube. A small amount of rinse water was placed, in

the test tube and. was then removed, with the same pipette

to the infecting tube to insure that all larvae had. been

transferred.. A rubber bulb of appropriate size with a

small hole cut into the side was then placed over the

large end of the infecting tube,

A rat was then anaesthetized by exposure to ether

in a covered battery jar. The sealed infecting tube

which contained the three hundred larvae was gently in­

troduced deep into the esophagus of the rat. The rubber

bulb was then grasped, and with the thumb covering the

hole in the bulb, pressure was exerted so that the gum

plug and the contents of the tube were forced into the

ratfs esophagus. This method was used to infect eleven
rats with three hundred larvae each. After each infec­
tion, the tube was washed, sterilized in alcohol, then

rinsed again in distilled water.
Two of the infected rats were placed in separate

cages to be used as sources for future infections. Only
male rats were used in this series; rat Bj_ was isolated

as a control. The remaining eight infected rats were
designated as rat B2 through rat Bg. During the remain­
der of the experiment, each rat was kept in a separate
labeled cage. Immediately after infection, four rats

were injected with doses of the chemicals and four rats
were force-fed doses as indicated in table 2. Each rat



Table 2

Second Rat Series

Schedule of Treatments

Rat Treatment Compound
days

1 2 3 4 5 6 7

B1 none none
B2 Injection sat. lithium carbonate 1 1 1 1 1 1 1

feeding sat. lithium carbonate 2 2 2 2 2 2 2
B4 injection 0.5% lithium carbonate 1 1 1 1 1 1 1
B5 feeding 0.5% lithium carbonate 2 2 2 2 2 2 2
B6 injection 2.0% strontium lactate 1 1 1 1 1 1 1
B7 feeding 2.0% strontium lactate 2 2 2 2 2 2 2
b8 injection 0.5% strontium lactate 1 1 1 1 1 1 1
b9 feeding 0.5% strontium lactate 2 2 2 2 2 2 2

♦Quantity of injections and feedings expressed in milliliters

w
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was slightly anaesthetized before injections to facili­

tate handling. The injections were given intraperiton­

eally in the abdomen for the first three days but the

last four injections were given intramuscularly either

in the thigh muscles or into the shoulder.

Oral introduction of chemicals into the rats was

accomplished by using the apparatus illustrated in figure

c, p. 8. This apparatus consisted of a small glass tube,

four inches long, inserted in a section of rubber tubing

which had an opening measuring 2.5mm. The other end of

the tube was then connected with the tip of a syringe.

The chemical to be used was then drawn into the syringe.

The glass tubing was gently introduced approximately two

inches into the rat’s esophagus and the proper amount of

the chemical was slowly forced out by applying pressure

to the plunger of the syringe.
Throughout the remainder of the experiment, the rats

were maintained on a regular diet of laboratory chow and

water.
Thirty seven days after infection, each of the rats

was slightly anaesthetized with ether in a closed battery
jar. Immediately after death each rat was skinned and e-

viscerated and the carcass was weighed. The diaphragm of
each rat was removed and examined in a trichinoscope with
a low power binocular microscope to determine the exact
number of encapsulated larvae present in each.
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The abdominal muscles of each rat were removed and

placed in labeled jars containing artificial digestive

fluid. These muscles were digested as previously de­

scribed and the larvae were concentrated and recovered

in the usual manner. The exact number of larvae recov­

ered from each group of muscles was obtained by count­

ing the larvae as they were removed from Kimball dishes

with a fine-pointed pipette under a low power microscope.

The relative intensity of infection was obtained by

dividing the number of larvae recovered from the digested

muscles by the weight of the muscles. The number of lar­

vae per gram of infected muscle was thus determined.
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III. RESULTS

First Rat Series

A direct microscopical examination of the diaphragm,

masseter and thigh muscles showed each of the rats of

the first series to be negative for the infection. No

larvae could be found penetrating the muscle fibers. No

migrating larvae were found in either the thin or thick

smears made of each rat’s blood; nor were any larvae found

in drops of whole laked blood. Later however, when sec­

tions were made of the jejunum of rat A^, mature adults

were found burrowed deeply into the mucosa.

First Kimball Dish Series

When the stains used in the first rat series were

tested on living muscle larvae in vitro, it was evident

that lithium carmine produced a decided increase in the
rate of mortality of the larvae (Table 3). Trypan blue

evidently did not affect the mortality rate.

Second Kimball Dish Series

The results of the second Kimball dish series shows

that lithium carbonate was the most lethal of the chem­
icals employed in this series, while lithium chloride and
strontium chloride were least toxic. Strontium lactate

was the next most effective compound in increasing the
mortality rate. These two compounds, lithium carbonate
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and strontium lactate were therefore selected to be test­

ed for their effect on the larvae in vivo, in the second

rat series.

Second Rat Series

The results of the second rat series, shown in table

5, indicate that the oral administration and injection of

lithium carbonate and strontium lactate apparently reduce

the severity of infection with Trichinella spiralis lar­

vae when the chemicals are administered immediately after

infection with living larvae. An average of 11.1 larvae

per gram of abdominal muscles was found in the 9 experi­

mental rats as compared to 39 larvae per gram of abdomi­
nal muscles for the control, rat B^. Apparently the re­

sults obtained from treating rats Bg and By and rats Bs

and Bg, respectively, 2 percent and 0.5 percent strontium

lactate, show that strontium lactate has a marked effect
on the survival of larvae of Trichinella spiralis in liv­

ing rats.
An average of approximately 3.7 larvae per gram of

abdominal muscles was found in rats Bg-Bg as compared to
39 larvae per gram of abdominal muscles found in the con­

trol, rat Bi*



Table 3

First Kimball Dish Series

Hours l3 6 9 20 26 35 44

Number
in No.

of larvae dead
1 (control) 6 9 10 15 19 96 100

Number
in No.

of larvae dead
2 (3oo. lithium oarmine) 7 13 18 100

Number
in No.

of larvae dead
3 (lee. lithium carmine) 4 12 15 88 100

Number
in No.

of larvae dead
4 (3cc. trypan blue) 9 11 13 20 27 73 100

Number
in No.

of larvae dead
5 (loc. trypan blue) 5 9 11 19 25 94 100

oo



Table 4

Second Kimball Dish Series

«o

Hours 5 10 15 20 25 40 50 65

Number of larvae dead
in No. 1 (control) 0 13 18 23 42 65 81 100
Number of larvae dead
in No. 2b (3oc. strontium chloride) 0 2 4 12 30 44 68 100
Number of larvae dead
in No. 3b (lee. strontium chloride) 5 21 32 40 43 50 73 100
Number of larvae dead
in No. 4b (3cc. strontium lactate) 4 24 54 62 89 100
Number of larvae dead
in No. 5b (loc. strontium lactate) 0 4 14 32 50 73 100
Number of larvae dead
in No. 6b (See. lithium chloride) 3 6 41 52 63 68 100
Number of larvae dead
in No. 7b (loc. lithium chloride) 0 0 4 6 29 57 100
Number of larvae dead
in No. 8b (3cc. lithium carbonate) 0 21 89 100
Number of larvae dead
in No. 9b (loo. lithium carbonate) 1 6 16 37 100



Table 5

Second Rat Series

Rat
chemical
treatment

weight of
carcass

capsules in
diaphragm

weight abdom­
inal muscles

capsules in ab­
dominal muscles
(by digestion)

larvae per
gram muscle

B1
none
(control) 177.8 gr. 363 22.9 gr. 894 39.0

B2
lithium
carbonate 126.0 gr. . 20 16.4 gr; 57 3.4

B3
lithium
carbonate 142.3 gr. 124 19.3 291 15.0

B4
Lithium
carbonate 143.0 gr. 130 19.9 325 11.3

b5
Lithium
carbonate 151.5 gr. 158 20.1 450 22.3

B6
Strontium
lactate 137.9 gr. 9 18.2 16 0.8

b7
Strontium
laotate 113.0 gr. 0 15.2 0 0.0

B8
Strontium
lactate 146.7 gr. 0 20.6 0 0.0

B9
Strontium
lactate 145.7 gr. 69 20.0 282 14.1



21

IV. DISCUSSION

First Rat Series
Levin (1941) infected a rat with thirty larvae per

ounce of body weight and six days later recovered as many

as 50,000 larvae. He stated that from the seventh to

the eleventh day after infection there is a marked in­

crease in the number of larvae recovered. Most workers

agree that the first larvae appear in the muscle tis­
sues on approximately the fifth day after infection (Leu­

kart, 1876; Virchow, 1864; and others), (cit. Levin, 1941).

Augustine (1938), (cit. Levin, 1941) holds that maximum

invasion of the muscles occurs on the tenth day.
In the present studies, the rats were autopsied nine,

ten or eleven days after infection. In view of the above
statements, larvae should have been found in the muscle
fibers and also in the blood. Examination of the muscles
and blood showed each rat to be negative for the infec­
tive larvae; however, the jejunum of rat A^ was sectioned
and examined under the microscope and adult trichinae were
observed to have burrowed deeply into the mucosa. This
seemed to indicate that at least in rat A^ which received
the largest ration of infected meat, some factor apparent­
ly inhibited the larvae from reaching the muscles. It was

therefore assumed that the stains injected into the rats
were absorbed by the blood and that the migrating larvae 
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were killed before reaching the muscles. No rat was

infected as a control so that this assumption was not

conclusive. It seems unlikely however that any error

in the technique of infection could account for the ab­

sence of the larvae since there is no doubt that rats

Ag, A3 and A4 ingested fresh infected meat and rat Ai

was observed consuming its entire ration of infected in­

tercostal muscle.

First Kimball Dish Series

When lithium carmine and trypan blue were tested

for their effect on the survival of excysted larvae in
vitro, it was observed that lithium carmine showed a
marked lethal effect on the worms even though the larvae
in the trypan blue solution were apparently not affected.
These results appear to corroborate the assumption that
lithium carmine may have inhibited the larvae from reach­

ing the muscles in rats A^ and Ag
There is a marked difference in the size of the mi­

grating larvae and those encysted in the muscle. The
length of the larvae in the blood measures approximate­
ly 35 microns (Gould, 1945). It is possible that the

migrating larvae would be more susceptable to the stains
than the larger muscle larvae because of their thinner

cuticle or because growing larvae would consume salts
while migrating in the blood stream. Other than these 
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possibilities, no other reason can be offered to explain

why trypan blue apparently killed or inhibited the lar­

vae in vivo whereas it showed no lethal effect on the

muscle larvae in vitro.

Second Kimball Dish Series

It was assumed that the lethal principle in lithium
carmine was the saturated aqueous solution of lithium

carbonate in which carmine rubrum was dissolved. Further,

the lethal effect was attributed to the element lithium

since the buffering action of the blood would render the

carbonate radical ineffective. To corroborate the results

of the first in vitro experiment, the effect of lithium

carbonate on the survival of the muscle larvae was ob­

served in the second Kimball dish series. It was decided

to test also these light metal compounds: lithium chloride,

strontium lactate and strontium chloride.
Fay, Anders ch and Vehrmann (1942) conducted biochemi­

cal studies on strontium lactate administered to dogs.
These workers stated that strontium may exist in the blood
in diffusable form; that serum calcium was decreased by
strontium; and that small amounts of strontium were de­
posited in bone after several injections. Kent and McCance
(1941) studied the absorption and excretion of lithium

chloride and stated that even though lithium occurring
naturally in foods is only poorly absorbed, lithium salts 
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are absorbed, more freely. They observed, no toxic effects

on human subjects due to this compound.

The results of the second Kimball dish series are

shown in Table 4. The data of this table substantiate

the results obtained in the first Kimball dish series

concerning the effect of lithium carbonate on the sur­

vival of the muscle larvae. Strontium lactate appeared

to be the next most lethal compound of the four tested.

Lithium carbonate and strontium lactate were therefore

chosen to be tested on the larvae of Trichinella spira­
lis , in vivo, in the second rat series.

Second Rat Series
From the results obtained in the second rat series

shown in Table 5, it may be assumed that the administra­

tion of lithium carbonate and strontium lactate apparent­

ly reduced the severity of infection with Trichinella
spiralis larvae in each of the experimental rats. This

in indicated by a comparision of the average infection
of the experimental rats with the infection of the con­
trol. The control, rat Bj, showed an infection of 39
larvae per gram of abdominal muscles and the experimen­

tal rats showed an average of 11.1 larvae per gram of
abdominal muscles.

It is further indicated that strontium lactate was
more effective than lithium carbonate in reducing infec­
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tion. The average infection of the rats treated with li­

thium carbonate is 13 larvae per gram of muscle as com­

pared to an average of 3.7 larvae per gram of muscle in

the rats treated with strontium lactate.

That both chemicals are effective in reducing in­

fection is further substantiated by the fact that in both

groups, the stronger solutions of each chemical were more

effective in reducing infection than weaker solutions.

Rats Bg and Bg which received saturated lithium carbonate

by injection and feeding respectively, showed an average

infection of 9.2 larvae per gram of muscle as compared to

the average infection of 16.8 larvae per gram of muscle

in rats B4 and B= which received 0.5 percent solutions

by injection and feeding. While rats Bg and By, having

received 2 percent solutions of strontium lactate by in­
jection and feeding respectively, show an average infec­
tion of only .4 larvae per gram, rats Bp and Bg show an
average infection of 7 larvae per gram of muscle after
treatment with 0.5 percent of the chemical.

It is also indicated in Table 5 that administration
of chemicals by injection is more effective in reducing
infection than oral administration. The average infec­
tion of all the injected experimental animals is 3.8 lar­
vae per gram of muscle while those rats which received
the chemicals orally show an average infection of 12.8
larvae per gram.
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While all the results of the second, rat series seem

to indicate that both lithium carbonate and strontium
lactate are effective in reducing severity of infection
with Trichinella spiralis, it would be well to corrobor­

ate these results by additional experiments involving
more experimental rats and a series of controls.
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V. SUMMARY

1. An attempt to stain the larvae of Tri chine Ila spiralis

migrating in the blood of infected rats with Orth’s

lithium carmine and trypan blue was unsuccesful.

2. It was demonstrated by in vitro experiments that li­

thium carbonate shows a decidedly lethal effect on

excysted larvae.

3. Strontium lactate was shown to hasten the death of

excysted larvae also, but not as quickly as lithium

carbonate.

4. Lithium chloride increased the rate of mortality of

excysted larvae only slightly while strontium chloride
and trypan blue apparently had no lethal effect on ex­
cysted larvae in vitro

5. It was shown by in vivo experiments that both stron-
tion lactate and lithium carbonate apparently reduce
the severity of infection with Trichinella spiralis
in experimental rats. Strontium lactate was shown to
be more effective than lithium carbonate, in reducing
infection.

6. Administration of these chemicals by intramuscular and

intraperitoneal injection is apparently more effective
than the oral administration of the chemicals.
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