
evaluated. For example, addition of vari- 
ous concentrations of the antibabesial 
drug 1,3-bis(p-amidinophenyl)triazene- 
bis(N-acetylglycinate)-diaceturate (13) 
to cultures with initial parasitemias of 0.3 
to 0.5 percent enables us to titrate the 
drug's action, because a lethal concentra- 
tion (3.5 x 10-6 g/ml) prevents culture 
darkening. A gradation of color change 
is observed between lethal and nonlethal 
dosages and this color change is closely 
correlated with parasitemias. 

Extracellular babesias (merozoites) 
are rarely observed in cpltures during the 
exponential phase of growth, indicating 
that almost all the parasites are able to 
rapidly infect new cells. However, when 
cultures are removed from a CO2 in- 
cubator to an incubator containing am- 
bient air (CO2-deprived), merozoites ac- 
cumulate in the medium (Fig. IB). These 
merozoites can be separated from the 
erythrocytes by differential centrifuga- 
tion (14) and they remain infectious for 
several hours. 

Examination of the physiological, bio- 
chemical, and antigenic properties of B. 
bovis has been hampered by the absence 
of a method for cultivating it in vitro. 
The MASP culture system described 
here will facilitate investigations of this, 
and perhaps other related pathogens. 
Parasite antigens generated in vitro in 
the absence of host immune and meta- 
bolic elements and heretofore unobtain- 
able from infected animals should now 
become available. A study of isolated in- 
fectious merozoites made possible by 
this culture method may provide valu- 
able insight into the characteristics of 
merozoites of other hemoprotozoa, for 
example, Plasmodium sp., the cause of 
human malaria. 
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7. In contrast to the spinner flask method (6) which 
will support parasite multiplication of 6.4 x 105 
times over a 32-day period, increases of I x 1018 
times are achieved by the method described 
here over a similar time span. 

8. A Mexican isolate of B. bovis was used. 
9. With Hanks salts (Gibco). 
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10. Freshly collected bovine blood obtained from 
mature Bos taurus cows is defibrinated by shak- 
ing with glass beads and then centrifuged at 
1000g for 10 minutes at 4?C. The serum may be 
used immediately, stored for up to 3 days at 4?C, 
or frozen at -20?C for later use. 

11. We have used two procedures for preparing cul- 
tures. Erythrocytes and serum may be separated 
as outlined (10) and mixed with Medium 199 in 
the proper ratios. Alternatively, after determin- 
ing the packed cell volume of defibrinated blood 
and adjusting for its serum content, additional 
serum and Medium 199 may be added to achieve 
the proper propoi-tions. Babesia are damaged by 
centrifugation (they show, for example, altered 
morphology and staining properties, and re- 
tarded growth for 24 to 48 hours) so the latter 
method is recommended for initial isolation. 
However, there is no difference in the ability of 
new culture prepared by either method to sup- 
port growth of parasites. 

12. An initialpH range of 6.9 to 7.2 is satisfactory. 
13. Berenil; Farbwerke Hoechst Ag., Frankfurt, 

Germany. 
14. Cultures deprived of CO2 for 4 to 6 hours are 

10. Freshly collected bovine blood obtained from 
mature Bos taurus cows is defibrinated by shak- 
ing with glass beads and then centrifuged at 
1000g for 10 minutes at 4?C. The serum may be 
used immediately, stored for up to 3 days at 4?C, 
or frozen at -20?C for later use. 

11. We have used two procedures for preparing cul- 
tures. Erythrocytes and serum may be separated 
as outlined (10) and mixed with Medium 199 in 
the proper ratios. Alternatively, after determin- 
ing the packed cell volume of defibrinated blood 
and adjusting for its serum content, additional 
serum and Medium 199 may be added to achieve 
the proper propoi-tions. Babesia are damaged by 
centrifugation (they show, for example, altered 
morphology and staining properties, and re- 
tarded growth for 24 to 48 hours) so the latter 
method is recommended for initial isolation. 
However, there is no difference in the ability of 
new culture prepared by either method to sup- 
port growth of parasites. 

12. An initialpH range of 6.9 to 7.2 is satisfactory. 
13. Berenil; Farbwerke Hoechst Ag., Frankfurt, 

Germany. 
14. Cultures deprived of CO2 for 4 to 6 hours are 

Recent reports have demonstrated the 
chemotherapeutic effectiveness of a ben- 
zimidazole anthelmintic, mebendazole, 
in the treatment of Trichinella spiralis in- 
fection in rats and mice (1-7). Because 
mebendazole (methyl 5-benzoyl-2-ben- 
zimidazolecarbamate) is used for the 
treatment of other helminthoses in man, 
and because it is highly active against en- 
teral and parenteral forms of Trichinella 
in laboratory animals, this compound is 
one of great potential utility in the treat- 
ment of human trichinellosis. However, 
there have been comparatively few stud- 

Table 1. Number of T. spiralis larvae recov- 
ered from the musculature of control mice and 
mice treated by stomach tube with mebenda- 
zole twice daily for three consecutive days 
(days 14 to 16) during the invasive phase of 
infection. 
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Larvae per mouse at 
mebendazole dose (mg/kg) 

0.0 3.125 6.25 12.5 

Individual 
counts 

3,200 * 0 * 
11,000 1,200 200 0 
11,142 1,320 800 660 
11,600 1,400 1,400 1,000 
12,100 1,760 2,280 1,200 
12,540 3,520 3,200 1,400 
13,250 5,850 3,500 1,600 
23,000 6,400 6,250 2,600 

Mean 
12,229 3,064t 2,204t 1,209t 

Efficacy (%) 75 82 90 

*Mouse dead before scheduled necropsy. tP < .05. 
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decanted into 50-ml conical centrifuge tubes and 
sedimented at 400g for 5 minutes at 4?C. The top 
30 ml is removed and sedimented at 750g for 10 
minutes. This supernatant is removed and again 
sedimented at 750g for 10 minutes. Centrifuga- 
tion of the final supernatant at 1000g for 20 min- 
utes produces a pellet containing free mero- 
zoites and some erythrocyte stroma. These 
merozoites may be used to infect normal MASP 
cultures that have been in a CO2 incubator for at 
least 1 hour. 

15. When infectious merozoites were added to new 
cultures that had been incubated for 1 hour un- 
der CO2, most of them invaded normal erythro- 
cytes within 1 hour after inoculation, and infec- 
tion was completed within 3 hours. Merozoites 
stored in new cultures at 4?C for 16.6 hours un- 
der air retained 20 percent of their initial infec- 
tivity. 
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377 from the Rockefeller Foundation. The ex- 
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ies of the susceptibility of T. spiralis to 
mebendazole treatment during the in- 
vasive phase of experimental trich- 
inellosis in mice (that is, when the sec- 
ond generation larvae, shed by adults in 
the gut, have penetrated the muscle cells 
and when they are in various early stages 
of encapsulation within muscle fibers) or 
of the efficacy of dosage regimens similar 
to those used in man. 

Evidence for a lethal effect of me- 
bendazole on T. spiralis during the in- 
vasive phase in mice was obtained re- 
cently (7) by administering mebendazole 
(50 mg/kg) by stomach tube once daily 
for five consecutive days (days 14 to 18) 
of infection. This dosage regimen signifi- 
cantly reduced by 96 percent the number 
of larvae subsequently recovered from 
the host musculature on day 45 after in- 
oculation. Although this dosage was ex- 
tremely high relative to other anthelmin- 
tic applications of the drug, the results 
clearly indicated that the first larval stage 
of T. spiralis was vulnerable to mebenda- 
zole treatment. It was then reasoned that 
a comparable level of drug activity 
against Trichinella might be obtained 
with a much lower unit dosage of me- 
bendazole if the anthelmintic were ad- 
ministered in a series of divided daily oral 
doses during the invasive phase (and 
presumably the encystment phase as 
well) of infection. In this way, very small 
quantities of the drug would continuous- 
ly be available to the parasite via the host 
bloodstream and tissue fluids and the to- 
tal dosage required to achieve efficacy 
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Mebendazole Therapy of Parenteral Trichinellosis 

Abstract. Mebendazole was highly effective against the helminth parasite Trich- 
inella spiralis in mice subjected to a 3-day course of treatment during the invasive 
and encystment phases of experimental trichinellosis. When treatment began either 2 
or 4 weeks after the mice were inoculated with parasites, the number of larvae devel- 
oping in the host musculature was greatly reduced by twice-daily oral administration 
of 3.125, 6.25, or 12.5 milligrams of mebendazoie per kilogram of body weight. 
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Table 2. Number of T. spiralis larvae recov- 
ered from the musculature of control mice and 
mice treated by stomach tube with mebenda- 
zole twice daily for three consecutive days 
(days 14 to 16) during the invasive phase of 
infection. 

Larvae per mouse at 
mebendazole dose (mg/kg) 

0.0 0.3125 1.0 

Individual 
counts 

19,700 15,100 * 
22,700 16,300 14,600 
24,200 16,600 16,800 
24,500 27,000 20,800 
29,300 28,800 23,200 
36,500 28,900 31,000 
36,600 31,300 40,100 
49,900 41,400 43,800 

Mean 
30,425 25,675t 27,186t 

Efficacy (%) 0 0 

*Mouse dead before scheduled necropsy. tNo 
significant difference compared to controls that re- 
ceived no mebendazole. 

would be greatly reduced. It was there- 
fore decided to use a treatment regimen 
that is now recommended for the control 
of ascariasis, trichuriasis, and ancylosto- 
miasis and necatoriasis in man. Accord- 
ingly, the drug was administered in a se- 
ries of twice-daily oral doses on three 
successive days during the invasive and 
encystment phases of a Trichinella infec- 
tion. 

The strain of T. spiralis used was origi- 
nally obtained from G. Stewart, Univer- 
sity of Texas at Arlington, and has been 
maintained in my laboratory by passage 
through mice since 1975. The mice were 
ICR male Swiss albinos (Harlan Indus- 
tries) that were 8 to 10 weeks old and 
weighed 25 to 35 g at the time of ex- 
posure to infection. They were housed 
and maintained in accord with principles 
of the Committee on Laboratory Animal 
Care, Indiana University, and had free 
access to commercial feed and water. 

The parasitological procedures used 
for isolation, preparation of inocula, and 
administration of infective larvae were 
basically those of Campbell (8). Larvae 
were recovered from the skeletal mus- 
culature of skinned and eviscerated mice 
with infections of at least 5 weeks' dura- 
tion by digestion at 37?C for 3 to 4 hours 
in Krebs-Ringer saline containing com- 
mercial pepsin (1 percent, weight to vol- 
ume) and concentrated HCI (1 percent 
by volume). Mice were routinely infect- 
ed by oral inoculation with 200 to 250 lar- 
vae suspended in 0.30 to 0.50 ml of 5 per- 
cent gelatin. 

The efficacy of mebendazole against T. 
spiralis during the invasive phase of in- 
fection was determined by administering 
14 MARCH 1980 

the drug by stomach tube twice daily for 
three consecutive days beginning on day 
14 after the mice were inoculated with T. 
spiralis. Prepared as an aqueous suspen- 
sion of the granular commercial formula- 
tion containing, per gram, 167 mg of ac- 
tive drug (Telmin, Pitman-Moore) the 
mebendazole was given to the mice at 
approximately 9 a.m. and 4 p.m. on each 
treatment date. The volume was adjust- 
ed so that each test animal received 0.1 
ml of the final suspension per 10 g of 
body weight. Control mice were dosed 
orally with comparable volumes of wa- 
ter. The number of larvae in the mus- 
culature of treated and untreated mice 
was determined by digesting each car- 
cass separately in a solution of 1 percent 
pepsin, 1 percent HCI, and estimating 
the number of/larvae in equal portions. 
Data were subjected to the nonpara- 
metric Kruskal-Wallis one-way analy- 
sis of variance by ranks; Ryan's meth- 
od of adjusted significance levels was 
used for the separation of treatment 
means (9). By this method of analysis it 
was possible to make statistical com- 
parisons between the mean worm bur- 
dens of unmedicated and treated groups 
as well as among the mean worm bur- 
dens of the treated groups. A probability 
greater than 0.05 was not considered sig- 
nificant. 

In experiment 1, mebendazole was 
given as oral doses of 3.125, 6.25, or 12.5 
mg/kg, twice daily, on days 14 to 16 of 
infection. At necropsy on day 63 the 
treated mice harbored an average of, re- 
spectively, 75, 82, and 90 percent fewer 
muscle larvae than did the control mice 
(Table 1). The mean worm burden in the 
treated groups was highly significantly 
different (P - .001) from the controls. 
There was no significant difference be- 
tween the reduction in worm burden ob- 
tained with a dosage of 3.125 mg/kg and 
that obtained with the 6.25 or 12.5 mg/kg 
treatments. 

In experiment 2, the mice were treated 
as before, being given mebendazole 
twice a day for three consecutive days 
starting 2 weeks after they were infected 
with T. spiralis. On each occasion, each 
group received water or mebendazole 
(0.3125 or 1 mg/kg). At necropsy on day 
42 of infection, the carcasses yielded the 
numbers of larvae shown in Table 2. Me- 
bendazole had no effect on T. spiralis 
during the invasive phase at these two 
low dosages; there was no significant dif- 
ference (x2, 0.85; 0.50 < P < .70, Krus- 
kal-Wallis test) in numbers of larvae re- 
covered from controls and the experi- 
mental mice. 

If the larvae of Trichinella are en- 
cysted in the muscles it is still possible to 

Table 3. Number of T. spiralis larvae recov- 
ered from the musculature of control mice and 
mice treated by stomach tube with mebenda- 
zole twice daily for three consecutive days 
(days 28 to 30) during the encystment phase of 
infection. 

Larvae per mouse at 
mebendazole dose (mg/kg) 

0.0 3.125 6.25 12.5 

Individual 
counts 

* 500 600 500 
* 2,500 1,700 2,300 

20,833 4,300 1,800 3,150 
34,750 5,000 2,500 4,700 
40,000 5,300 3,800 4,900 
52,700 6,917 4,000 14,000 

Mean 
30,071 4,086t 2,400t 4,925t 

Efficacy (%) 86 92 84 

*Mouse dead before scheduled necropsy. tP < .05. 

kill them by mebendazole therapy, with 
the same dosages as are effective cluring 
the invasive phase. In experiment 3, 
mice received mebendazole (3.125, 6.25, 
or 12.5 mg/kg) by stomach tube twice 
daily on three consecutive days begin- 
ning on day 28 after inoculation of T. spi- 
ralis. At 14 days after the last treatment 
the mebendazole-treated mice harbored 
an average of, respectively, 86, 92, and 
84 percent fewer muscle larvae than con- 
trols (Table 3). The mean worm burden 
in the treated groups was highly signifi- 
cantly different (P = .005) from that of 
the controls; there was no significant dif- 
ference between the reduction in worm 
burden obtained with a dosage of 3.125 
mg/kg and that obtained with the 6.25 or 
12.5 mg/kg treatments. Moreover, larvae 
recovered from each of the mebendazole- 
treated mice were less than normal size, 
and all were loosely coiled or arc-like, 
and motionless. No infectivity tests were 
made on these patently dead larvae. 

The greatest interest in the field of trich- 
inellosis chemotherapy lies in efficacy 
directed against the parasite outside the 
gastrointestinal tract (10). In man, in- 
vasion of muscles has usually occurred 
by the time a diagnosis has been made, 
so that lack of specific drugs effective 
against parenteral forms of Trichinella at 
well-tolerated dosages has been a major 
handicap to the clinician. Considered in 
conjunction with the other reports cited 
here (1-7), this investigation illustrates 
the degree to which efficacy may be in- 
fluenced by the frequency of drug admin- 
istration and division of the daily oral 
dose. The optimum dosage regimen for 
the treatment of human trichinellosis has 
yet to be established. The dosage sched- 
ule usually recommended for control of 
the common gastrointestinal helminths 
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Properties of a Normal Mouse Cell DNA Sequence (sarc) 

Homologous to the src Sequence of Moloney Sarcoma Virus 

Abstract. A 15.0-kilobase (kb) Eco RI DNA fragment from normal mouse Balbic 
genomic DNA that contains sequences (sarc) homologous to the acquired cell se- 
quences (src) of Moloney sarcoma virus (MSV) has been cloned in phage X. The sarc 
region (1.2 to 1.3 kb) of the 15.0-kb cell fragment is indistinguishable from the src 
region of two isolates of MSV as judged by heteroduplex and restriction endo- 
nuclease analyses. The cellular sequences flanking sarc show no homology to other 
MSV sequences. Whereas cloned subgenomic portions of MSV that contain src 
transformed NIH-3T3 cells in vitro, the cloned sarc fragment is inactive. 
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tem for studying the contribution of nor- 
mal cell DNA sequences to malignancy. 
The genomes of these viruses contain se- 
quences, presumably acquired from the 
host cell, which are a prerequisite for 

Sarcoma retroviruses provide a sys- 
tem for studying the contribution of nor- 
mal cell DNA sequences to malignancy. 
The genomes of these viruses contain se- 
quences, presumably acquired from the 
host cell, which are a prerequisite for 

5 
S 

5 
S 

their tumorigenic potential and their abil- 
ity to morphologically transform cells in 
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oncogenic potential can be defined, and 
the contribution of other viral sequences 
to the transforming process can be deter- 
mined. By convention, we use the term 
src for the acquired cell sequences found 
in sarcoma viruses and the term sarc for 
the normal cell DNA sequences homolo- 
gous to them (4). 

The src sequences of sarcoma viruses 
were acquired during putative recombi- 
nation between parental leukemia virus- 
es and host cell information (4). The Mo- 
loney murine sarcoma virus (MSV) arose 
spontaneously during passage of Mo- 
loney murine leukemia virus (MuLV) in 
Balb/c mice (5) and contains both MuLV 
and normal Balb/c mouse cell sequences 
(2). The mechanism by which the viral 
src sequence participates in cell transfor- 
mation is unknown. Likewise, the physi- 
ological function of the normal cell sarc 
sequence is unknown. Sarc sequences 
are represented in the normal mouse 
genome from one to, at most, a few cop- 
ies per cell, and their rate of evolutionary 
divergence parallels that of mouse globin 
DNA sequences (6). As a normal cell se- 
quence, the tumorigenic potential of sarc 
is obviously of great interest. We have 
cloned the normal Balb/c sarc sequence 
in phage X and present a comparative 
analysis of the physical and biological 
properties of sarc and src. 

We previously cloned the integrated 
proviruses of two MSV isolates, ml and 
HT1, into phage X (7), and identified in 
each provirus the src portion as well as 
the sequences derived from MuLV (8). 
The src regions of both ml and HT1 
MSV are identical by heteroduplex anal- 
ysis and restriction endonuclease map- 
ping (8). To detect the cellular sarc se- 
quence, we hybridized a src specific re- 
striction fragment (4.5-kb Kpn I to 5.2-kb 
Hind III of XHTI) (Fig. 2) labeled by nick 
translation (10), to a Southern (9) trans- 

Fig. 1. Heteroduplex analyses of XMsarc with 
Xml and XHT1. Heteroduplex analyses were 
performed on DNA extracted from XMsarc 
and Xml (A) or XHTI (B) as described (11). 
Restriction endonuclease mapping showed 
that the sarc sequence in XMsarc was in the 
same 5' to 3' orientation as the src in XHTI 
and Xml (8). The 5' ends of the inserted frag- 
ments are adjacent to the left vector fragment 
of XgtWES (21.9 kb). Twenty-seven mole- 
cules were measured for (A) and 25 for (B). 
The measurements from the 5' end to the 3' 
end for the single-stranded, double-stranded, 
and single-stranded regions of the inserted 
fragments are, respectively, in (A) for 
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The measurements from the 5' end to the 3' 
end for the single-stranded, double-stranded, 
and single-stranded regions of the inserted 
fragments are, respectively, in (A) for 
XMsarc, 2.70 + 0.34, 1.17 ? 0.18, and 
10.84 + 0.76 kb, and for Xml, 3.44 + 0.34, 
1.17 + 0.18, and 2.19 + 0.25 kb; in (B) for 
XMsarc, 3.0 + 0.17, 1.30 ? 0.17, and 
11.2 + 0.5 kb; and for XHT1, 7.24 ? 0.42, 
1.30 + 0.17, and 3.34 ? 0.26 kb. 
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