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stances (4). Further information concerning 
degradation of mucopolysaccharide might also 
be gained by study of the sponge tissue in 
view of the decreasing mucoplysaccharide 
content of this tissue after the second week. 

Summary. Polyvinyl sponges inserted un- 
der the dorsal skin of guinea pigs fill with cel- 
lular connective tissue. Dry weight of the 
granulation tissue, concentration of protein, 
desoxyribosenucleic acid and acid mucopoly- 
saccharide a t  intervals between 1 and 12 
weeks are reported. Both glucosamine and 
galactosamine were present in the mucopoly- 
saccharide fraction. Evidence for the pres- 
ence of 3 types of mucopolysaccharide com- 
ponents was obtained by chromatography and 
carbazole/orcinol ratios. A decrease in car- 
bazole/orcinol ratios suggested an increased 
proportion of chondroitin sulfate B in the 
older granulomas. 
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Chemotherapeutic Studies with 2,4-Dimethoxy-6-sulfanilamido-l,3-diazine 
(Madribon”) (24370) 

R. J. SCHNITZER, W. F. DELORENZO, E. GRUNBERG AND R. RUSSOMANNO 
Hofmann-La Roche, Nutley, N .  J .  

Comparatively high activity of 2,4-dime- 
thoxy-6-sulfanilamido- 1,3-diazine in experi- 
mental streptococcal infections has been de- 
scribed by Semenitz(1). The results ap- 
peared promising although the experiments 
were carried out with organisms of low viru- 
lence and evaluation of the effect of subcu- 
taneous administration was based on very 
short observation time. More extensive 
studies on chemotherapeutic activity carried 
out recently in these laboratories confirmed 
the remarkable activity of this compuund in 
a series of experimental infections with gram- 
positive and gram-negative bacteria. The ex- 
periments are here described. 

Chemical and physical properties. 2,4-Di- 
methoxy-6-sulfanilamido- 1,3-diazine (I; Ma- 
dribon) , first synthesized by Bretschneider 
and Kloetzer(2), is a white, odorless and al- 
most tasteless crystalline powder with a melt- 
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ing range of 200-202OC. Two Kpa values a t  
2 and 6 were 0bserved.t The substance is 
slightly soluble in water, dependent on H-ion 
concentration. Solubility values determined 
a t  37°C of 4.6 to 7.5 mg/100 ml at  pH 4.10 
and 5.7 rose to 29.5 mg/1[41) ml at pH 6.7, 
58.0 mg/100 ml at  7.06, 920 mg/100 ml at 
8.19 and reached 5170 mg/100 ml at pH 8.71. 
Under the same conditions, the N4-acetyl de- 

t We are greatly obliged to Dr. A. Motchane of 
the Physico-chemical Lab. for permission to include 
these values as well as data on solubility, in this 
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rivative was of somewhat lower solubility ex- 
cept in the alkaline range of pH 8.83. These 
solubility values are not of practical signifi- 
cance because the drug is eliminated in the 
form of its highly soluble glucuronide (Dr. B. 
Koechlin ; personal communication). 

Materials and methods. Antibacterial ac- 
tivity. (a) in vitro. The bacteriostatic effect 
was determined by conventional technic of 
serial dilution test in the semi-synthetic me- 
dium of Adams and Roe(3). The inoculum 
consisted of 0.05 ml of a lo-" diluted overnight 
broth culture, but in case of streptococci and 
pneumococci the same volume of a 10-1 di- 
luted culture was used. The drug was dis- 
solved in alkali to give a solution of pH 9.0. 
The results were read after 24-48 hours' in- 
cubation and verified by subculture on appro- 
priate solid media if necessary. (b) in vivo. 
All experiments were carried out in white mice 
of 18 to 20 g body weight. The procedure 
followed closely the technic described previ- 
ously (4,s) and consisted of intra-abdominal 
infection with 0.5 ml containing 100-1000 
minimal lethal doses, using either a properly 
diluted overnight broth culture of strepto- 
cocci, pneumococci, Listeria, Rlebsiella, or di- 
luted suspensions in 5% gastric mucin in ex- 
periments with staphylococci, meningococci. 
members of the coli-salmonella group, Pas- 
teurella, P. vulgaris and Ps. aeruyinosa. The 
infective doses used are given in Tables I and 
11. Graded doses of drug suspended in 5 %  
gum arabic or in oil in water lipid suspension 
( 5 )  were given by gavage. The dosage sched- 
ule consisted either of a single dose given 
shortly after the infection or in a series of 4 
to 6 treatments distributed over 4 days with 
the first dose also administered shortly after 
infection. Groups of 10 mice served for every 
dose. Mice which died were autopsied and 
cultures taken of blood. Survivors were ob- 
served for 3 weeks. Untreated controls in- 
fected with the same and lower doses were 
included in every experiment. 

Results. Toxicity. Studies on acute and 
chronic toxicity were carried out in different 
species of animals by Randall and his asso- 
ciates(6). It might suffice to mention here 
that mice tolerated single oral doses of 10,000 
mg/kg without signs of toxicity and that ad- 

ministration of 200 mg/kg/day to rats for 13 
weeks did not produce pathological changes 
in tissues although a certain growth inhibition 
was observed. Determination of the fate of 
Madribon indicated that it belongs to the 
group of sulf onamides with prolonged persis- 
tence in the body characterized by a half-life 
of 48 hours in blood of rats. 

Antibacterial activity in vitro. Determina- 
tion of bacteriostatic activity in vitro showed 
the familiar picture of sensitivity of the differ- 
ent organisms characteristic for many sul- 
fonamides. In the group of gram-positive or- 
ganisms only staphylococci showed high sen- 
sitivity with minimal growth inhibiting con- 
centrations of 1.9 pg/ml (strain 209) and 
1 5.6 pg/ml (strain Smith), whereas p-hemo- 
lytic streptococci (strain #4) , type I pneumo- 
cocci (ATCC 6301) and L. monocytogenes 
were inhibited by high concentrations of 2000, 
500 and 1001) pg/ml respectively. Gram- 
negative organisms exhibited as a rule higher 
sensitivity. The values were for E .  coli (J) 
1.9 pg/ml, K .  pneumoniae 3.9 pg/ml, S. ty-  
phosa ( 2  strains) 3.9 pg/ml, S. typhimurium 
62.5 pg/ml and S. schottmuelleri 125 pg/ml. 
Growth inhibition of P. muZtocida and Ps. aer- 
uginosa was not observed with concentrations 
as high as 2000.0 pg/ml. 

Results of 
experiments in which the protective activity of 
Madribon was determined in infections with 
12 different organisms are given in Table I. 
From the figures, which are based on fre- 
quently repeated experiments, i t  may be seen 
that the compound was effective in the major- 
ity of infections tested a t  doses generally well 
below 100 mg/kg even if only a single treat- 
ment was given, e.g. in Salmonella infections. 
The values are comparable to those observed 
with highly active sulfonamides, e.g. sulfadia- 
zine and particularly sulfamethoxypyridazine, 
as determined in our laboratory and elsewhere 
( 7). In case of the pneumococcal and Pseu- 
domonas infections which are known to re- 
spond less readily to sulfonamides, higher but 
still comparatively low doses were required 
and the values were more favorable than could 
be expected from the bacteriostatic effect in 
vitru. It is also noteworthy that hemolytic 
streptococci and P. multocida responded to 

Antibacterial activity in vivo. 
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TABLE I. In  Pivo Antibacterial Activity of Madribon. 

Infective No. of No. of % mortality 
Organism dose: 0.5 ml mice doses PDm, mg/kg* of controls 

S. pyogenes #4 106 420 6 43.2 98.3 
D. pneumoniae #6301 10" 210 6 423.0 100.0 
M. pyogenes var. aureus lod 180 4 52.1 93.3 

N .  meningitidis 120 1 44.4 

(Smith) 
L. monocytogenes 10-1 250 6 43.8 88.0 

99 95.0 
P. multocida 10" 90 6 24.5 85.0 
E .  coli J 10-8 120 4 88.9 95.0 

9 9  100.0 K. pneumoniae 320 6 71.7 
S.  schottmuelleri 10" 340 1 53.5 94.0 
S. typhosa P58a 10-4 190 1 10.8 96.7 

9 9  82.5 Ps. aeruginosa 240 4 325.0 
P. vulgaris 10" 130 1 34.9 80.0 

* 50% protective dose, calculated according to Reed and Muench(8). 

low doses in vivo despite their lack of sensi- 
tivity in vitro. 

The streptococcal, staphylococcal and Lis- 
teria infections were of approximately equal 
susceptibility in the group of gram-pusitive 
organisms. Among gram-negative bacteria 
S. typhosa showed the highest sensitivity 
which is characteristic for many sulfonamides. 
I t  might, however, be mentioned that Madri- 
bon had no effect on oral infection of mice 
with S. typhimurium. A diet containing 1% 
or 2% of the drug corresponding to 2.5 to 5.0 
g/kg/day given for 7 days, failed to protect a 
significant number of mice against the fatal 
course of the disease. Death occurred after 
an average survival time of 15-1 6 days in this 
as well as in the control group. Not given in 
the Table are experiments with entero-patho- 
genic strains of E .  coli, of the serotypes 0 119, 
0 125,O 126 and 0 128. Although intra-ab- 
dominal infections of more than 1000 minimal 
lethal doses were used and only a single oral 
dose was given, an average 5 0 %  protective 

TABLE 11. Antibacterial In Viuo Activity of 
Madribon under Conditions of Single Drug Ad- 
ministration in a Lipid (Oil in Water) Emulsion. 

Infective PD,, % mortality 
Organism dose: 0.5 ml mg/kg* of controls 

S. pyogenes #4 10" 103.3 100 
D .  pneumoniae 732.1 100 

E .  coli J 10-8 80.7 90 
8. typhosa P58a 17.5 100 
S. schottniuelleri 10-O 33.3 90 
P. uiclgaris 10" 42.6 80 
3's. awuginosa 424.0 70 

9 9  

#6301 

Y f  

* 50% protective dose, according to Reed and 
Muench (8). 

dose of 32.0 mg/kg (min. 25.7, max. 36.1) 
was obtained. 

In  an additional series of experiments com- 
piled in Table I1 the effect of single dose treat- 
ment was determined in 7 different infections. 
Suspension of the drug in an oil in water emul- 
sion was selected. It is evident that Madri- 
bon exerted its protective activity in all in- 
stances. The in'fluence of the lipid vehicle as 
compared to gum arabic was negligible in in- 
fections with gram-negative organisms (Table 
I) and also in the streptococcal infection, 
which responded to a single dose of Madribon 
in gum with a PD50 of 178 mg/kg. Enhance- 
ment by suspension in oil in water emulsion 
was only noticeable in pnemococci which 
otherwise do not respond to single treatment 
with sulf onamides. 

Discussion. The antibacterial in vivo ac- 
tivity of Madribon is characterized by its 
scope and its intensity. All 12 organisms 
tested, 4 gram-positive and 8 gram-negative 
ones, responded to comparatively small doses 
of the drug. With a few exceptions ( D .  pneu- 
moniae, Ps. aeruginosa) the 50% protective 
doses were less than 100 mg/kg with an aver- 
age of approximately 46 mgJkg for gram- 
positive and 49 mg/kg for gram-negative or- 
ganisms. This type of marked activity must 
be ascribed to the high chemotherapeutic po- 
tency exerted in vivo though not in all in- 
stances reflected by the bacteriostatic effect 
in vitro. Another aspect of the Madribon ac- 
tivity, namely reduction of frequency of treat- 
ment to a single dose even in streptococcal 
and pneumococcal infections, can probably be 
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attributed to the persistence of effective con- 
centrations in blood and tissues. 

Whether the presence of the methoxy 
groups is correlated to toxicological and che- 
motherapeutic characteristics of Madribon 
cannot yet be decided, although the influence 
oi the methoxy group on the properties of sul- 
famethoxypyrimidine might allow such as- 
sumption by analogy. 

Sumiizar~. A new sulfonamide, Madribon. 
exerted high protective activity in 12  experi- 
mental bacterial infections produced by gram- 
positive and gram-negative organisms. The 
frequency of drug administration could be re- 
duced to a single dose in all 7 infections in 
which this technic was tried. 
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Dietary Saponin and Plasma Cholesterol in the Chicken.*+ (24371) 

PAUL GRIMINGER AND HANS FISHER (Introduced by J. B. Allison) 
DpPt. of Poir1tr.y Science, Rz i tger s  l7nivpr.si ty,  Yew Brunswick, N .  J .  

Considerable interest exists in factors in- 
fluencing plasma cholesterol level. Hyper- 
cholesterolemia induced by cholesterol feeding 
is now a widely known phenomenon in the 
chicken. Recently, Xewman and co-workers 
(1) have demonstrated a decrease in serum 
cholesterol (and also liver cholesterol) of 
chicks which were fed cholesterol and saponin 
simultaneously. Schoenheimer and Sperry 
( 2 )  have shown that saponins have the prop- 
erty of forming stable complexes with choles- 
terol: therefore, a reduction of blood choles- 
terol due to feeding of saponin with a choles- 
terol containing diet might be expected. Blood 
cholesterol level of chicks however, can be sig- 

nificantly varied not only by dietary choles- 
terol, but also by other factors such as exer- 
cise ( 3 ) ,  and a low level of protein in the diet 
(4.5). In the present report an attempt was 
made to evaluate the influence of saponin on 
endogenous hypercholesterolemia in chickens, 
induced by feeding low protein diets. 

Methods. Three experiments were per- 
formed. In Exp. 1,  male crossbred chicks 
were started on experimental diets a t  one day 
of age, and a t  24 days blood was taken for 
plasma cholesterol analysis. In Exp. 2 ,  newly 
hatched female cross-bred chicks were first 
kept on conventional starter mash for 1 week, 
and plasma analyzed for cholesterol after 1 6 

* Paper of the Journal Series, N. J. Agr. Exp. Sta- 
tion, Rutgers Univ., the State Univ. of New Jersey, 
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and 2 3  days on- the experimental diets. In 
Exp. 3, l-year-old White Leghorn roosters 

mined and 20 days after the birds had 
been put on experimental diets. Composition 

DePt. of Poultry Science, New BrunSwick. Supported were used, and their plasma cholesterol deter- 

of dietary ingredients from the following: Mer&, of diets is given in I, and addi- 
Sharp and Dohme, Rahway, &J. J.; Distillation Prod- tives to the different lots appear in 'I. 
ucts Industries, Rochester, N. Y.;  Dow Chemical CO., %en chicks Or 5 adult birds were kept on each 
Midland, Mich.; and Pfizer and CO., Terra Haute, treatment in each experiment. Chicks were 
Ind. housed in electrically heated and thermo- 


