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unexpected characteristic for furans. The procedure 
for t h e  isolation of the neutral oxalates was patterned 
after that of Adamson (16). 

SUMMARY 

A total of 31 ?-amino tertiary alcohols which are to 
be screened for possible pharmacodynamic or chemo- 
therapeutic activity is presented. I t  is anticipated 
that further modifications of these structures and 
detailed pharmacological reports will be presented in 
later publications. 
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Antibiotic Therapy of Experimental Leptospiral 
~ 

Infection in Chick Embryos I1 
Comparison of the Action of Demethylchlortetracycline and 

Three Other Tetracyclines With and Without 
Ascorbic Acid on Leptospira icterohaemorrhagiae 

By S. F. QUAN*, M. I. GOLDENBERG, and C. W. ABBOTT 

Saline and antibiotic solutions, with and without ascorbic acid, were injected into 
7-day-old chick embryos inoculated with L tospira ictmbaemorrbagiac 1 day after 

observed for rolongation of life and for survival rates over a period of 12 to 14 
days. Demet%ylchlortetracycline was about twice as active as tetracycline and oxy- 
tetracycline and about 10 times as active as chlortetracycline. Ascorbic acid alone 
did not influence the course of the infection and did not affect their therapeutic activ- 

ity when given with antibiotics. 

infection. All inoculations were made into t eg e yolk sac. The treated embryos were 

EMETHYLCHLORTETRACYCLINE (DMCT) , a 
recently introduced commercial antibiotic, 

is reported to have advantages over the older 
tetracycline antibiotics with respect to chemical 
stability, antibacterial activity, and efficiency of 
maintaining an effective serum level (14 ) .  

The chemical structure of DMCT is identical 
to that of chlortetracycline with the absence of a 
. _ _  
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methyl group in the 6 position of the tetracycline 
molecule. While DMCT has not been reported 
to have been tested in the chemotherapy of lepto- 
spirosis, chlortetracycline (CT) , oxytetracycline 
(OT). and tetracycline (TC) have been effective 
against experimental leptospiral infections in 
chick embryos, hamsters, guinea pigs, dogs, and 
cattle (5-10). Furthermore, Howarth (11) was 
successful in clearing swine carriers of Leptospira 
purnona with CT and OT, while Stoenner and his 
associates (12) eliminated L. ballum from a 
naturally infected colony of mice using CT. 
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Also, CT and OT have been used with success 
against leptospkosesin man (10, 13). 

In  our previous study (14) we found the activi- 
ties of OT and TC about the same, but  many 
times more active than CT. This finding was 
similar to that of Kiser, e6 al. (l5), who reported 
TC more active than CT against L. icterohaemor- 
rhagiae and L. pomona in chick embryos. How- 
ever, in both of these studies the more active 
tetracycline antibiotics were administered in a 
solution containing ascorbic acid as a buffer, 
while the solutions of C T  were given without 
buffer. It was not known whether ascorbic acid 
has an effect on the infection or the therapeutic 
quality of the drugs. 

This report is concerned with (a) the effect 
of ascorbic add on chick embryos inoculated 
with a suspension of L. ickrohaemorrhagk, (b) 
the efficacy of DMCT in solutions with and 
without ascorbic acid, and (c) a comparison 
of DMCT with CT,  OT, and TC in dosage 
ranges capable of producing a significant pro- 
longation of mean life and protecting 50% 
of the infected chick embryos. 

MATERIALS AND METHODS 

Ascorbic Acid.-Commercial packages of T C  are 
available in vials containing 100 mg. of tetracycline 
hydrochloride with 250 mg. of ascorbic acid, 250 mg. 
T C  HCl with 750 mg. ascorbic acid, and 500 mg. 
T C  HCI with 1.5 Gm. of ascorbic acid. In this study 
ascorbic acid was given in the amount of 3 mg. for 
each milligram of tetracycline antibiotic per egg. 
When ascorbic acid was given alone, 4 mg. per egg 
was used. The latter solution was prepared from a 
200 pm. stock solution which contained 1.76 Gm. of 
ascorbic acid, ACS grade, in 50 ml. of distilled water. 
The pH of this solution was 2.5. It was sterilized 
by filtration, stored in air-tight vials in the refriger- 
ator, and used during a period of 2 months with good 
results. For use, 4.0 ml. of the stock solution was 
partly neutralized with 0.35 ml. of 2 N NaOH 
and diluted with 2.7 ml. of sterile physiological 
saline. Each embryo was given 0.2 ml. of this 
solution as the control treatment with ascorbic 
acid. 

Infection.-The infectious agent, the test animals, 
and the methods of infecting and treating the em- 
bryos have been described in detail in a previous 
paper (14). Briefly, the method used to infect the 
eggs was as follows. A fresh culture of L. ictero- 
kemorrhhagiue, strain LT-331, was transplanted 
from Fletcher’s to  Stuart’s medium and grown for 
7 days a t  28*, then diluted 1-10 with 1% peptone 
water for infecting eggs. Fertile White Leghorn 
eggs were purchased unincubated from a commercial 
hatchery. On arrival they were incubated for 7 
days, then candled before they were inoculated in 
the yolk sac with 0.2 ml. of spirochetal suspension. 
On the following day the infected embryos were 
candled, randomized, and then treated. The 
treated eggs were incubated upright, and candled 
daily for the next 12-14 days to check their viability. 
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Antibiotics.-Sterile powders of the hydrochloride 
salts of the antibiotics were used in this study. The 
powders were kept free of maisture in the refrigera- 
tor. For each test, fresh solutions were prepared 
using sterile physiological saline. 

Antibiotic solutions containing ascorbic acid were 
prepared by adding appropriate volumes of the 
ascorbic acid stock solution to weighed samples of 
the antibiotic, so that for each milligram of anti- 
biotic hydrochloride there was 3 mg. of ascorbic 
acid. 

Treatment of infected embryos was effected by 
inoculating 0.2 ml. of the appropriate dilutions of 
antibiotics, with or without ascorbic acid, into the 
yolk sac on the day following infection. Each 
embryo was treated only once. 

Analysis of Reeults.-All of the results were 
analyzed on the basis of the mean life of groups of 
animals. For purposes of calculating mean life in 
groups having survivors a t  the end of the observa- 
tion period (14 days), surviving animals were con- 
sidered dead on the 18th day. Also, because deaths 
occumng before the 5th day have been shown to be 
due to  trauma rather than leptospiral infection, 
survival measurements were based on the number 
of viable infected embryos observed on the 4th day. 
Additionally. the survival times of various treat- 
ment groups were analyzed for time-per cent effect 
by the method of Litchfield (16), and for dose-survi- 
Val effects by the method of Litchfield and Wilcoxon 
(17). By the latter method, the survival percentages 
were based on numbers surviving on the 12th day, as 
we have found previously that deaths became irreg- 
ular again beginning on the 12th day. These 
methods of analysis are identical to those used in our 
previous paper (14). 

The statistical analysis of the effect of ascorbic 
acid was made on pairs of parameters in which one 
member of the pair was given ascorbic acid and the 
other was not. Differences in mean life were con- 
sidered significant a t  the 5% level using the Student 
1 test. Differences of the ETw’s and of the slope 
functions were compared, again by the methods of 
Litchfield, and Litchfield and Wilcoxon (16, 17). 

RESULTS 
The results of treatments. with and withoiit 

ascorbic acid, in 12 pairs of infected groups of 
embryos are shown in Table I. Four of the pairs 
were treatment controls in which the infected ani- 
mals were treated with saline or a saline solution of 
ascorbic acid; the other eight pairs were treated 
with solutions of antibiotics with or without ascorbic 
acid. 

Analysis of the average life of the controls, as 
separate pairs or as a total without regard to  ascorbic 
acid, showed that ascorbic acid had no influence on 
the average life of the embryos inoculated with 
leptospires. The average life of the saline-treated 
controls was 6.55 days; of ascorbic acid-treated, 
6.38 days; of all controls taken together, 6.46 days. 
There is no significant difference among these 
averages even a t  the 1% level. Furthermore, they 
do not differ significantly from a mean life of 6.44 
days, the average of 25 similar tests conducted over 
a 3-year period reported previously (14). 

The slope functions of the time-per cent effect 
curves of the control pairs were tested for parallelism 
by calculating their ratios (16). The slope function 
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TABLE I.-EFFECT OF ASCORBIC ACID ON ANTIBIOTIC THERAPY OF CHICK EMRRYOS EXPERIMENTALLY 
INFECTED WITH L. icterohaemorthagiae 

- Survival 
No. Without Ascorbic Acid-  -With Ascorbic Acid- 

Test D o d E g g  Eggs Mean Mean 
Date Antibiotic Nm. mg. Each Life ET, 9 Life ETM So 2 ; f b  
2-33 
3-16 
4-6 
4-2; 
4-27 
4-27 
4 -6 
4-6 
3-16 
3-  16 
2-23 
9-23 

Control . . .  . . .  20 6.6 6.1 1.11 6.1 5.5 1.16 + 
(saline ) . . .  . . .  20 6 2 5.8 1.21 6.4 6 .2  1.17 0 

. . .  . . .  18 6 . 5  8.0 1.08 6 .4  6 .1  1.15 0 

. . .  . . .  18 6.9 6.1 1.15 6.6 6.2 1 16 0 
Dernethylchlor- 0.05 0.03 11 8.2 7.7 1.15 7.3 7 0 1.18 0 

tetracycline 0 . 5  0 . 3  14 14.4 15.6 1.64 14.8 14 4 1.35 0 
Oxytetracycline 0.2 0.09 18 11.6 10.5 1.43 11.4 11.8 1.36 0 

1.0 0.5 18 14.8 15.0 1.45 14.2 15.0 1.60 0 
Tetracycline 0.2 0.08 14 10.8 10.5 1.48 12.0 11.6 1.27 0 

1.0 0 . 5  14 13.5 13.5 1.60 14.2 14.9 1.27 0 
Chlortetra- 1.0 0 . 5  19 10.0 8 . 7  1.22 10.2 9 . 8  1.16 0 

cycline 2.5 1.3 19 13.6 14.6 1.47 14.2 14.6 1.30 0 
_- 

a S = Slope function (an equivalent of the standard deviation). b Significant difference at 5% level; 0 = none of three 
parameters. + = of ETm. 

ratios showed that these curves were all parallel 
within experimental error, and therefore not dif- 
ferent from one another. The ETM’s were compared 
hy computing the reaction time ratio, i .e . ,  the ratio 
of the ET,,,’s. In these comparisons of the four 
control pairs, only one pair showed a significant dif- 
ference. This difference was found only in the test 
of 2-23, the first test of this series. The compara- 
tive test used is especially sensitive to the accumula- 
tion of daily effects. When the 2-23 control pair 
was analyzed by a t test comparing the daily dif- 
ferences, these paired results were also significantly 
different. As these four pairs of controls were 
analyzed for differences by three parameters, 12 
comparisons were made. Since the addition of 
ascorbic acid gave no other significant difference, 
the single exception in 12 observations was given 
little weight in the over-all evaluation of the action 
of ascorbic acid on the infection. The average life 
of none of these control pairs, as already indicated 
above, was significantly different. 

Among the antibiotic-treated embryos, the dif- 
ferences in mean life of embryos with and without 
ascorbic acid varied from 0.2 days for the pair 
treated with 1.0 pm. CT to 1.2 days for the pair 
treated with 0.2 pm. TC. The difference between 
the ETa’s of these pairs varied from zero days for 
2.5 pm. CT and 1.0 pm. OT to 1.4 days for 1.0 
pm. TC. The difference between the slope func- 

tions varied from 0.03 for the 0.05 pm. DMCT pair 
to 0.33 for the 1.0 pm. T C  pair. The differences in 
this function were less among groups of animals 
treated with smaller dosages of each of the anti- 
biotics (where less than 15% of the embryos sur- 
vived the observation period of 14 days) than among 
those groups treated with larger doses (where about 
50% of the embryos survived for 14 days). The 
range of the differences for the former groups varied 
from 0.03 for 0.5 pm. DMCT to 0.21 for 0.2 pm. 
TC, and for the latter groups, from 0.15 for 1.0 pm. 
OT to 0.33 for 1.0 pm. TC. The wide range of 
these parameters showed that the experimental 
error in these drug treatments was large. Neverthe- 
less, within experimental error, statistical analyses 
showed that ascorbic acid did not have an effect on 
the therapeutic action of the drugs. 

Table I1 shows the chemotherapeutic effect of 
various dosages of DMCT in chick embryos inocu- 
lated with leptospires, without regard to the effect 
of ascorbic acid. DMCT given in a dose of 0.05 
pm. prolonged the average life of the embryos by 1.5 
days and extended the ETm by 1.6 days. The 
baseline for comparing prolongation of life was 
established in our previous studies a t  from 3 to 5 
days. In the present study, this level of prolonga- 
tion of life was found a t  a dosage of 0.1 pm, of DMCT. 
With increasing dosages of this drug, not only was 
there an increase in life, but also the number and 

TABLE I I.-EFFECT OF TETRACYCLINE ANTIBIOTICS ON THE SURVIVAL OF CHICK EMBRYOS INOCULATED WITH 
L .  icterohueinorrhagiac 

-- Survival-- Prolonged Life 

Compd. pm. mg. Tests 1 4 8 9 12 13 14 Days ETM S Days ETn 
Denietliyl- 1 . 0  0 .6  1 13 10 10 10 9 9 5 15.7 . . .  ... 9.8 ... 

chlortetra- 0 . 5  0.3 3 37 29 25 24 20 16 14 14.0 . . . . . . 7 6 . . . 

-Doae/Egg- No. 7- Survivors on Day-- Mean Mean 

cycline 

Controls 
Tetracycline 

Controls 
Oxytetra- 

cycline 
Controls 
Chlortetra- 

cycline 
Controls 

0.25 0.15 3 41 36 32 31 27 19 13 13.9 16 0 1.68 7.5 10.2 
0 . 2  0.12 1 14 13 11 11 9 6 4 13.6 13.2 1.41 7.2 7.4 
I) 1 0.06 5 63 44 35 28 9 5 0 10.3 10.1 1.34 3.9 5.3 
0.05 0.03 3 39 33 9 1 0 0 0 7.9 7 .4  1.13 1.5 1 .6  

8 153 124 1 0 0 0 0 6.4 5 .8  1.11 0 0 
1 0  0.5 2 28 20 19 17 15 I1  6 13.9 14.1 1.48 7.6 8 . 1  ~~ 

0.2 0.09 2 28 25 20 20 10 6 1 11.4 10.9 1.39 5.1 4 .9  
. . .  . . .  2 40 30 0 0 0 0 0 8 .3  6.0 1.22 0 0 

1 .0  0.5 2 36 30 28 26 21 15 15 14.5 15.0 1.51 8 . 1  9 .0  
0.2 0.09 2 36 31 28 26 10 3 2 11.2 11.8 1 39 4.8 5 .8  
. . .  . . .  2 36 27 0 0 0 0 0 6.4 6 .0  1.14 0 0 

2 5 1.3 2 38 28 27 27 21 16 7 13.9 14.6 1.40 8.1 8.9 
1 .0  0 . 5  2 38 33 28 18 3 2 2 10.2 9.4 1.26 4.4 3.5 
. . .  . . .  3 41 34 0 0 0 0 0 5 8  5 . 7 1 1 6  0 0 
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pY. OF ANTIBIOTIC PER CHICK EMBRYO 

Fig. 1.-Dose-survival rates of chick embryos ex- 
perimentally infected with L. uterohaemorrhugiae 
and treated with tetracyclines. 

percentage of survivors were increased. A t  the 
1.O-pm. per egg dose, 10 of the embryos survived 4 
days; of these nine survived 12 days. 

Also given in Table I1 are survival data for em- 
bryos treated with three other tetracyclines in doses 
which can be used to compare them with DMCT. 
At a dose of 0.2 pm. per egg, the prolongation of 
mean life and extension of the ETm for DMCT were 
7.2 and 7.4 days, respectively; for TC, 5.1 and 4.9 
days, and for OT, 4.8 and 5.8days. A t  1.0pm. the 
prolongation of mean life for DMCT, OT, and T C  
was 9.3, 8.1, and 7.6 days, respectively. The 
weakest activity was shown by CT. Chemo- 
therapeutic activity by the other three antibiotics 
at levels of 0.2 pm. and 1.0 pm. was approximated by 
CT a t  dosages of 1.0 pm. and 2.5 pm., respectively. 
These data indicate that DMCT was slightly more 
active than OT and T C  and several times more 
active than CT against L. ictcrohuemorrhagiae in 
chick embryos. 

Figure 1 shows the percentages of embryos surviv- 
ing on the 12th day after infection in relation to the 
dose of DMCT. For various reawns already dis- 
cussed in the first paper of this series, the dose- 
survival effect data in these tests were heterogeneous. 
The dose-effect line is drawn by inspection in terms 
of best fit. Accordingly, the EDw for DMCT is 
about 0.25 pm. On the other hand, only two doses 
of the 0 t h  tetracyclines were studied. The dose- 
effect lines for these antibiotics were drawn through 
the two points marking the survival rates of the 
doses on the 12th day. These lines indicate EDw’s 
of 0.30, 0.40, and 1.9 prn. for TC, OT, and CT, 
respectively. These lines and the EDw’s show that 
DMCT was slightly more active than T C  and OT, 
and all three were more active than CT by five to  
eightfold. 

DISCUSSION AND CONCLUSIONS 

Ascorbic acid given in 4-mg. quantities, or about 
23 pm. per egg, had no apparent influence on the 
survival of chick embryos inoculated with L. 
klerohaemorrhagiae. In addition, the therapeutic 
action of the antibiotics DMCT, CT, OT, or TC 
was not affected by the incorporation of 3 mg. of 
ascorbic acid for each milligram of antibiotic used. 
The preparation of solutions of tetracyclines was 
facilitated by the addition of ascorbic acid. These 
observations conform to the known properties of 
ascorbic acid, which is primarily a vitamin and is 
often used as a b d e r  and an antioxidant. 

Although the dose-effect curves of TC, CT, and 
OT were drawn from just two points for each drug 
in this study. the activities found are in good agree- 
ment with those reported previously for these drugs 
when they were studied in many dosages over a 
wide range of levels (14). In that study none of the 
embryos survived after treatment with 0.1 pm. of 
OT or TC; the EDm of these two compounds was 
0.35 pm. In the present study (Fig. 1) the curves 
for OT and T C  predicted the survival of 20 and 25% 
of the embryos at a dose of 0.1 pm. and EDm’s of 0.3 
and 0.4 pm., respectively. When the results of 
past and present studies are considered together, the 
activities of OT and T C  may be interpreted as the 
same, and one line can be drawn to represent their 
dose-effect. This line should be drawn through an 
EDw of 0.35 pm. and parallel to the line of DMCT 
to reflect little or no survival a t  the 0.1-pm. dose. 
Similarly, the line for CT should be redrawn to en- 
compass the previous findings. For the new CT 
line, the slope would again be that of the DMCT 
line, with the EDw at about 3.0 pm. Drawing all 
of these dose-effect curves with the same slope as 
that of DMCT infers that all of these compounds 
act by the same mechanism. 

Although there is yet no proof that the chemo- 
therapeutic activity of these drugs is based on a 
common mechanism, the following factors make this 
thesis reasonable. (a )  The same chemical structure, 
that of tetracycline, is basic for each of these drugs. 
( b )  Sweeney, et al. (2), found DMCT and CT to have 
the same antibacterial activity, while other investi- 
gators found only minor differences between these 
tetracyclines (4, 18). ( c )  Eidus, et al. (19), found 
the distribution of all of these compounds to be 
similar in mouse organs. (d) The in viuo action of 
OT and CT on experimental leptospirosis in hamsters 
was similar, with but minor differences (7, 20). In 
chick embryos, we have observed in this study the 
action of DMCT, OT, and T C  to be similar and, in 
the previous study, the similarity of the actions of 
OT and T C  (14). 

On the other hand, differences in the activity of 
the various tetracycline analogs have been reported, 
although in some cases the differences were minor. 
These differences in activity are expected, and may 
be due to  the various chemical constituents present 
or absent on the basic tetracycline structure. In 
DMCT the presence of the chloro substituent may 
give the compound greater activity, and the absence 
of the methyl group may stabilize the molecule. 
Thus, DMCT has been reported as the most active 
and most stable of the tetracyclines, whereas CT 
has been the least stable. 

The descending order of biological activity most 
often listed for these compounds is: DMCT, OT, 
TC, and CT. As stated above, some of these dif- 
ferences were minor both in d r o  and i n  vivo. In 
studies where stability may not have been a factor, 
the activity of CT was equal to  or better than that 
of DMCT. Sweeney, et al. (2). found this equality 
of action in their antibacterial studies, while Kunin, 
et al. (3), reported similarities in renal clearance and 
serum binding. Eidus and his associates (19) ob- 
served both orders of activity. These investigators 
reported that the in Gfro antibacterial spectrum and 
effectiveness of DMCT and CT resembled one an- 
other. In a prophylactic protection test against 
intraperitoneal challenge of DipLococcus pneumonia, 



528 Journal of Pharmmeutical Sciences 

former investigators to re-examine the relative merits 
of these two antibiotics. The additional studies 
not only confirmed some of the advantages of 
DMCT, but also provided a better understanding 
of how these drugs may best be used (24,25). 

From the clinical and experimental reports 
discussed here, DMCT appears to be a superior 
tetracycline analog. Being a new drug, how- 
ever, its real value cannot be determined with- 
out the cumulative data concerning possible side 
effects (2G) .  
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