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EFFECTS OF ENVIRONMENTAL CONDITIONS ON
THE CULTURE OF GIARDIA LAMBLIA

S. NATARAJAN IYER* AND B. B. GAITONDE
Haffkine Institute, Parel, Bombay 400 012

Environmental conditions for optimum growth of G. lamblia in the modified
Pavlova medium were studied. Optimum growth occurred-at pH range of 7to 7-4
at 37° C. Generation time was 5°4 at twenty-four hours and 7°8 at forty-eight
hours. It was found that a close relation existed between the growth of giardia
and oxidation-redox potential developed in the culture medlum best growth
occurring at a potential between— 350 and—-450 mV.

Introduction

A simple method for the cultivation of
G. lamblia in vitro using modified Pavlova
medium was described earlier (1), Since
the optimum growth of any microorganism
is mainly influenced by the environmental
conditions in which it is cultivated, the
following important aspects were studied :
for their role in the cultivation of giardia :
(i) The effect of hydrogen ion concentra-
tion, (ii) Temperature of incubation and
generation time, (it1) Use of rice starch in
the culture of giardia and (iv) Oxidation-
reduction potential.

Materials and Methods

I. The Effect of Hydrogen Ion Concentra-
tion—TIt is observed that G. lamblia lives in
an environment of pH 6-3 to 7°02 which
the duodenum and upper jejunum provide.
Growth is one criterion that can be used as
a measure of the effects of pH (2). In the
present study, giardia was cultivated in
association with bacteria and a study of the
effects of pH on the growth of giardia
provided a possible pH range in which
giardia could be conveniently cultivated.

(Received for publication February 19, 1975)

*Present Address : Hoechst Research Centre,
L. B. Shastri Marg, Mulund, Bombay 400 080.

Giardia was cultivated in modified
Pavlova medium at different values of pH.
Media with different pH values were
prepared as follows: Buffer salt solutions
were made by mixing up M/15 solution of
disodium hydrogen phosphate and M/15
solution Of potassium dihydrogen phos-

‘phate in normal saline. Before inoculation,

the appropriate amount of horse serum
and rice starch were added under aseptic
conditions. A seventy-two hours’ old cul-
ture of giardia was inoculated with sterile
pipette into the media tubes. The initial
count of giardia in the inoculum as well as
counts at the end of seventy-two hours’
incubation were made using haemocyto-
meter counting chamber. Any change in
pH value of the medium was also recorded.
To record the pH of the growing culture
the supernatant solution was poured out
and passed through Seitz filter and ‘the
readings weré taken on the pH meter.

II. Temperature of Incubation and Genera-
tion Time—In most studies the optimum
temperature for growth is based on the
rate of growth and on the size of the crop

" of microorganism produced. It was found

that the temperature of incubation had its
effect not only on the growth but also on
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the individual microbial metabolic activi-
ties. These microbial metabolic activities
_ include rate of synthesis of enzyme or pig-
ment production. Temperature of incuba-
tion affects the rate of growth, rate of
- death, the length of growth period, genera-
tion time and the total growth. The rate
of multiplication of the organism is increa-
sed by the rise in temperature and this is
measured- by calculating the gcneratlon
- time of the orgamsm

"The generation time of the culture can
be calculated by measuring the initial and
- final growth after a fixed period of incuba-
tion. The formula for calculating the gene-
ration time of the culture is as follows( 3) :
n=3-3xlog b/B and g=t/n
.+~ Where: b=final growth,* -~
B=initial inoculum,

+ n=the number of generations,
‘t=time in hours, and
g=generation time.

In the present study above formula was
used to calculate the generation time of
G. lamblia at different periods of incuba-
t10n Also, the growth of giardia at various
temperatures of mcubatlon were studied.

Media tubes were. moculated with known
number of giardia and the culture was incu-
‘bated at different temperatures. The tem-
peratures selected for this study were 4 °C,
27-28°C, 30°, 35°,.37°, 40° and 45° C. At
the end of seventy-two hours’ incubation
giardia population per tube was estimated
by making counts on a haemocytometer
countmg chamber and the per cent growth
in each tube was calculated. Highest
growth was considered as 100 per cent and
the growth in other tubes was compared
with this tube. For the determination of
generation time and the effect of tempera-
ture of ‘incubation on generation time the
counts of giardia were taken every twenty-
four and forty-eight hours’ of incubation.
When it was found that giardia could not

multiply at 4°C, the culture tubes were
transferred to the incubator at 37°C after
twenty-four hours and it was noted that
giardia could grow well at 37°C after the
initial static stage at 4°C.

"I Use of Rice Starch in the Culture
of G. lamblia—The incorporation of rice
starch in the cultivation of protozoon
parasite is known for a long time. One
well known example is that of E. histoly-
tica in the cultivation of which rice starch
is routinely used. H. meleagridis, another
parasite causing blackhead in turkey and
chicken, is cultivated in a medium con-
taining 1 to 2 mgm rice starch (4). Since
G. lamblia also belongs to the group of
intestinal parasites it was decided to study
the effect of rice starch in the medium for
the growth promoting activity.

Modified Pavlova medium was used for
the experiment and rice starch was added
to each tube serially in quantities varying
from 0 to 100 mgm. A known volume of

inoculum containing definite number of

giardia was inoculated into the tubes. At
the end of seventy-two hours’ incubation
counts of giardia were taken and the results
were recorded.

IV. Oxidation-reduction Potential in the
Culture of G.lamblia—Oxidation-reduction
potential is one of the important physico-
chemical aspects to be considered in’the
cultivation. of microorganisms. This is
usually determined in volts or in millivolts
and this value gives the information about
the formation of redox potential in the cul-
ture of (mjcroorganism's. In the study of
redox potentials in relation to the cultiva-
tion of intestinal protozoa, Jahn (5) stated
that the redox potential might be a factor.

" of very great importance in culturing pro-

tozoa free from bacteria. It was demon-
strated by Jahn (6) that in a culture of
Chilomunas paramecium changes in redox
potential were similar to those found in

"aerobic culture.
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Since in the present studies Giardia lam-
blia was cultivated in association with
bacteria in vitro, the dependency of giardia
can be explained in terms of oxidation-
reductionn potential developed in the
medium by the bacteria. The possibility that
the -bacteria produce the necessary meta-
bolic products for the culture of giardia was
noticed when giardia failed to grow in the
absence of bacteria. Of possible influential
factors the following seems to be most
important : (a) the bacterial flora may
provide suitable conditions such as anaero-
biosis, for the metabolic activity of giardia,
(b) the bacteria may provide essential
growth factors and enzyme system in
utillising the food materials in the medium.

In the present paper the results obtained
with .the measurements of redox potential
in the culture of giardia are presented.
Also, the effect of redox potential on the
growth and optimum value at which the
peak growth of giardia occurred have been
studied.

Electrode—The measuring electrode
consisted of bright platinum metal. This
was used in combination with calomel
electrode which was' used as standard
reference electrode. The potential of the
calomel electrode is determined by the con-
centration of chloride ions. In the present

‘study saturated -solution of potassium
chloride was used.

Culture Vessel for the Measurement .of
Redox Potential—To prepare culture vessel
for the estimation of potential a rubber
stopper was equipped with four holes one
each for fitting platinum and calomel
electrodes, one for passing oxygen and one
hole which was plugged with cotton for
the outlet of gas. The stopper was fitted to
the mouth of a bottle in which the culture
medium was taken for the cultivation of
giardia. Electrodes were passed through
the respective holes and two tight fitting

_ glass tubes were passed- through the

remaining holes. These tubes were plugged
with cotton when not in use. The culture
vessel was clamped to a stand and kept in
a water bath at 37 °C; the temperature of
which was regulated by a thermostat.
Thus continuous measurement or redox

‘potential could 'be taken at any desired,

time during the period of incubation. The
potential of the medium was ‘recorded-
after the medium was warmed upto 37 °C.
The -medium was inoculated with the cul-
ture containing known number of giardia.
Potential developed in ithe medium was
measured with the use of pH meter. *
Measuring Instrument—The reasure- -
ments of redox potential were taken on
a pH meter with one scale graduated in
millivolts. The platinum-and calomel elec-

trode of the culture vessel were connected

to the respective terminals of the pH meter,
and. the knob was turned to the scale indi-
cating mV. Ordinarily the potential of the
culture is negative (reducing) to that of
calomel half-cell. The reading of the poten-
tial, thus, observed will be that referred to
that of calomel half-cell and this observed
potential Eobs. can be converted to: Eh,

_the potential referred to that of standard

normal hydrogen electrode, . by . adding
Eobs. and Ecal., the potential of calomel

- half-cell, algebraically, thus:

Eh=Eobs. + Ecal.
The potential developed in the culture
vessel at different periods of incubation
was measured as Eobs. and Eh was calcula-

‘ted from the above formula. -Also,: the

growth of giardia was estimated’ by
counts at different intervals of time. When
oxygenation was desired the gas was intro-
duced into the culture vessel through the
tube provided. With this type of arrange-
ment continuous measurement of redox
potential of the culture could be made at
any desired stage of incubation.
Development of Redox Potential in the
Medium—100 ml of modified Pavlova
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medium was taken in the culture vessel and
“the electrodes were inserted. The culture
- vessel was transferred to the water bath
at 37°C and the redox potential measure-
ments ~were - taken: as- described above.
Inoculum consisted of seventy-two hours’
- -old culture of giardia and the readings were
taken every one hour intervals. The read-
ings indicatefl the development of potential
in the culture medium and a time-potential
curve was plotted using these readings.
Time-potential curve for giardia-bacteria
culture was compared with that of parallel
bacterial cultures. The associated bacterial
flora was érown in the medium without
- giardia and the redox potential readings
were: takeri. From these readings time-
potential curve was plotted for the bacteria
alone and the comparison was made.

Results and Discussion
1. The Effect of Hydrogen Ion Concentra-
" tion—In Table T is given the initial and
final pH of the medium and the growth at
different pH values. From the above table
it is clear that maximum growth was
obtained with the initial pH value of 7-2.
At higher pH values of 7-2.to 9-0 giardia
could be seen multiplying but a pH value
beyond 10.could not support the growth.
.Though giardia could survive in media of
wide pH range it was found that a pH of
- 7+2 was favourable for maximum growth.
The present study indicated that a lower pH
range of 5%to 6 could help propagation of
giardia with only reduced growth. Also,
there .is not much change in the pH value
after incubation at the optimum pH range.
In many cases, pH is a function of inter-
action between the associated bacterial
flora and the substrate especially in mixed
cultures. From this study it is obvious that
the medium with initial pH of 7-2 can
well support good growth of giardia.
II. Temperature of Incubation and Gene-
ration Time—The relation between the incu-
" bation temperature and the generation time

-at the end of twenty-four and forty-eight

hours’ incubation time is recorded in Table
II. The mean generation time for G. lamblia
in modified Pavlova medium at the-end of
twenty-four and forty-eight hours’ incuba-
tion was found to be 5-4 and 7-8 hours
respectively. The similar figures for genera-
tion time in modified Karapetyan’s medium
were found to be 10°05 and 873 hours
respectively. The higher values of genera-
tion time in modified Karapetyan’s medium
indicated a lessened growth as compared
to the growth in modified Pavlova medium.
In the previous studies it was found that
modified Pavlova medium supported the
growth of giardia better than modified
Karapetyan’s medium. Best growth of
giardia occurred at 37°C and at higher
temperature of 40°C the growth was so
less that a satisfactory count not be made.
At 27-28°C the growth was minimum. At
4°C there was no multiplication of cells,
but when the culture tubes were transferred
to 37°C after twenty-four hours the culture
could be revived and grew well indicating
thereby that temperature of 4°C was
unfavourable for the growth leaving the
organism in a static stage.

TABLE I
Growth of G. lamblia at different pH value

Growth of
giardia S.E.
10¢/ml

Initial pH of Final pH of
the medium the culture

40-0
51-5
96-0
104-5
136-0
121-0
64-0
59.-0
52-0
50-0
46-0
26-0
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TABLE II

Optimum temperature of incubation for the culture

TABLE IILI
Rice starch in the cultivation of G. lamblia

of G. lamblia and the relationship with Amount of rice Giardia population  Per cent
the generation time starch (mgm) 104/ml (S.E.) growth
Tempera- . pg‘;;dt‘;n Per cent Ge’;’ﬁ“m 0 3.5 (0-25) 7.1
ture °C wth 20 8-3 (0-57 16-84
M x10misE) O (ours) 40 19.5. El- 52; 39.56
50 37-3 (3-21) 75-67
2728 4-08 (0-35) 43 185 60 9.3 (2.78) 100-0
30 31-6 (1-25)_ 33.36 5-6 80 48-5 (3-71) 98-37
35 87.5 (2-44) 92.45 4.2 100 48-8 (2-54) 99:0
37-38  54-75 (1-16) 100-0 41 IV. Oxidation-reduction Potential in the
* . . .
40-41 Culture of G.lamblia—The significance of
45 —_

*Few giardia seen.

III. Use of Rice Starch in the Culture of
G.Jamblia—The inoculum for this study was
pooled from the supernatant solution of
different culture tubes and giardia popula-
tion was determined before inoculating into
the medium. Care was taken to see that the
inoculum did not contain any starch
particles from the previous tubes. At the
end of seventy-two hours’ incubation the
result indicated that the tube containing
starch of 60 mgm and above showed good
growth. When the medium did not contain
starch the growth was upto the extent of
7-1 per cent as compared to that of the tube
containing 60 mgm starch. Giardia could
be seen growing even in the absence of
starch indicating thereby that it is not an
essential component of the medium for the
growth of giardia but it enhances the
growth considerably when used in the con-
centration of 60 mgm and above. Results
are recorded in Table III.

In the present studies it was noticed that
the degree and the duration of giardia
growth depend upon the amount of rice
starch incorporated in the medium. Better
yield of giardia was not obtained with
higher amount of rice starch than the
optimum.

redox potential measured during the -cul-
tivation of microorganisms can be discus-
sed in various ways. They can be caused by
the metabolic products developed in the
solution and the action of different enzymes.
Variations in oxygen pressure resulting in
oxygen uptake by the microorganisms may
be responsible for the change in redox
potential value.

In the present work the culture of giardia
was maintained at more or less fixed level
of potential by passing oxygen at a different
rate with fluctuation of potential within 30
mV. By leaving the culture undisturbed the
lowest potential was maintained. Cultures
of high potential were prepared as follows:
seventy-two hours’ old culture of giardia
was pooled, centrifuged and washed with
normal saline. After repeated washing of
the culture three to four times inoculum
was taken in normal saline. Measurements
of redox potential were taken with these
cultures at reduced conditions. ‘

Counts of giardia were taken at diffe-
rent periods of incubation along with the

. recording of potential value. Accurate

determination of the number of giardia
could not be made using haemocytometer
counting chamber as in the previousstudies
because the process of shaking and stirring
the culture interferred with the potential -
determination due to oxygenation. Hence
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the number of giardia was determined per
field under‘low power magnification by
_observing a drop of the culture from the
sediment and they are indicated as follows:

+ Very poor growth of giardia, 1 to
" 10 organisms per field. co-

++ ‘Moderately good number of giardia
_+present, 10 to 30 per field.

+++ Heavy growth, ‘showmg numerous
giardia in the smear. .

Eh, the redox potential with reference to
hydrogen electrode was calculated by add-
ing 238 mV, ‘which is the potential of
standard calomel electroc_le at 37°C to the
observed potential Eobs, )

Oxygen was passed for nearly ten hours
and the' potential was kept constant at
" various lévels. At the potential levels bet-

ween—100 and —150 mV, and between—190
and-250 mV growth was very less denoted
. by +. But between  the potential levels of
,—350 and —450 mV there. was  heavy

growth. of giardia denoted by +++. The -

potential range of —350 to —450 mV was
-obtained by leaving the culture undisturbed
since exygenation could not bring down
potential to'such low levels (Table IV).

- "TABLE 1V

Growth of G. lamblia at dtjferent
; ‘ potential levels

- Poténtial range {mV) Growth
i —100 to —150 +
r —190"to —250 +
—250 to —350 + L
—350 to —450 +++

‘+Vcry' poor grbwth, 1 to 10 giardia/low power
 field. - .

+ +-Moderately good growth, 10 to 30 per field.

+ 4 +:Heavy' growth, showing numerous oxardna
‘in the smear.

In Table V is given the changes of redox
potential developed in the medium as the
incubation proceeded. As the incubation
progressed the change in redox potential
was slow during the first three hours of
incubation. In three to four hours time the
potential changed from positive to negative
values. Within a period of seventy-two
hours the potential dropped to a minimum
(mean) value of —442 mV (S. E.-6-548).
Then the potential remained at this value
more or less constant. The results are
presented graphically (see Figures 1 and 2).

, TABLE V
Time-potential relationship in the culture
of G. lamblia
Time . . ‘Potential‘of Potential of
(Pfours) giardia-bacteria  bacteria culture
) culture (mV) alone (mV)
) 38 36
1 33 33
2. 28 23
3 —32 23
4 —232 —232
5" —232 —232
) —232 —242
.24 —392 e —392 .
48 —422 —432
72 —442 —432
96 T 422 —432
‘120 —402 —412
144 —312 —342

Similar values for potential were taken
for the accompanying bacterial culture
alone. From these readings time-potential
curve for the bacteria culture was plotted.
It was found that the time-potential curve
for bacteria culture was similar to that of
'giardia-bacteria culture. Apparently the
redox potential of the medium was not
either affected by giardia or the extent to
which was affected was not detectable in
the presence of bacteria. The minimum
redox potential value obtained with the
bacteria culture was —432 mV (S.E. 5-0) in
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a period of seventy-two hours. This poten-
tial value was close to the figure obtained
with giardia-bacteria culture. Also, not
much change was noticed in the redox
potential value reached when inocula con-
taining varying number of giardia were
used. From these observations it can be
concluded that the redox potential develo-
ped in the culture medium could be due to
the presence of bacterial flora.

TME-POTENTIAL CURVE FOR Boacterio culture

.4 2004

4100+

"=100

- 2004

€N in mv

- 3004

O 20 40 60 60 100 120 140 160
TIME IN HOURS

Figure 1

Counts of giardia were made at various
intervals of time to see if any correlation
existed between the potential levels observ-
ed and the multiplication of giardia. Results
showed that good growth was obtained
during 72-96 hours period when the value
of redox potential value was around
-400 mV.

In the present work the medium emplo-
yed had an initial pH of 7-2to 7-4. After
twenty-four hours of incubation the pH
value of the culture dropped to 6-5. After
this period the pH readings remained more
or less constant at the minimum redox

potential value. A high rate of multiplica-
tion was seen at a final pH range of 65 to
6'8.The redox conditions developed in the
culture medium and the fall in pH could
be due to the presence of bacterial flora.

The present study indicated that giardia
grow in anaerobic conditions requiring
a reduced state for its metabolic activity
and possibly the reducing conditions were
provided by the bacterial flora.

TIME-POTENTIAL CURVE FOR Giardio -bactaria cutture
+ 2004 :

- 400 . /

O 20 40 60 80 100 120 140 160 .
TIME IN HOURS

Figure 2

TABLE VI

Effect of varying inoculum of G.lamblia on the redox
potential developed in the medium -

Initial inoculum  Potential developed at the

x 104 /ml end of seventy-two hours
mV (S. E)
73 —422 (6-83)
64 —372 (12-39)
40.5 —402 (9- 66)
31-5 —422 (5-77)
20.5 —402 (12-39)
16 —412 (8-56)
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!
TABLE VII

Growth of G. lamblia in relation to the potential
o developed in the medium

Time Potential mV  Final growth
(hours) SE) - x 104/ml (S.E)
48 . —412:(3-65) 17-5. (0-79)
J2 . —382(-65)  51.25(0-26)
96 —382(6-32) 52 (2-18)
1200~ —302 (10-3) 22 . (2-19
Summary and Conclusions

The effect of hildrogen ion concentration
on the effect of the growth of giardia was
“studied in vitro using modified Pavlova
medium for the cultivation of giardia. It
-was found that an initial pH range of 7 to
7-4 favoured the growth of giardia. A pH
value beyond 10 could not support the

growth; while in lower acidic pH values

giardia could survive only with -poor
growth.

Another growth parameter studied was
the incubation temperature. The optimum
temperature of incubation of giardia was
found to be 37°C and at higher tempera-
tures of 40 to. 41°C very few giardia could
be seen. and a temperature of 45°C was
lethal to giardia. ‘

The generation time of culture of giar-
dia in modified Pavlova medium was 5-4
and 7- 8 hours at the end of twenty-four and

forty-eight hours of incubation respec-

- tively. It was found that generation time

varied with the incubation temperature.

Use of rice starch was studied in the culti-
vation of giardia to find out whether rice

- starch could enhance the growth. When

starch was added to the medium at a con-
centration of 60 mgm and above best
growth of giardia occurred. Though giardia
was found to grow even in the tube without
starch, the growth was minimum.,

It was found that a close relation existed
between the growth of giardia and oxida-
tion-reduction potential developed in the
culture medium. Redox potential measure-
ments were made in the culture of giardia
using platinum electrode and pH meter. The
best growth of giardia occurred at poten-
tial between—350 and—450 mV. At the
higher positive values of redox potentials,
no multiplication of the cells could occur.
The potential curves were plotted for
giardia-bacteria culture as well as for bac-
teria culture alone. The curve for giardia-
bacteria culture was parallel to that of
bacterial culture. Along with the measure-
ment of redox potentials a fall in pH value
of the medium was also observed. Further,
with the varying number of giardia in the
inoctilum, the redox potential observed

»remained more or less constant.

3
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POTENTIAL ANTICANCER AGENTS, IV : SCHIFF
BASES DERIVED FROM 4-/N, N-BIS-[3-(METHYL-
'SULPHONYL) OXYPROPYL] AMINOJ]

BENZALDEHYDES

D. T. CHAUDHARI AND S. S. SABNIS ,
+ Department of Chemotherapy, Haffkine Institute, Bombay 400012 -

Schiff bases from various (a) aromatic amines and (b) 4-(p aminophenyl) thiazoles

and 4-[N, N-bis{3-(methylsulphonyl) oxypropyl] ammo] benzaldehydes -have
been synthesized. Nineteen representative compounds were screened by NCI,

Bethesda, U.S.A. for antitumor activity against L1210 lymphoid leukemia and
in KB cell culture. None of these compounds showed activity against L1210
lymphoid leukemia, although these were non-toxic even on large dosage. Two
compounds were reported active in KB cell culture.

Introduction

Sakurai et al. have reported some new
derivatives (I) in methanesulphonic acid
esters series possessing high dagree of
activity against Yashida Sarcoma (1-4).

1
n-mcazcngcﬂz-o-s-cﬂa)z'
(I \

'R - H; CHgPhCHy ; Ph, ete,

Earlier, we have also reported the Schiff
bases from 4-[N, N-bis-[2-(methylsulpho-
nyl)-oxyethyl] amino] benzaldehydes (II)
active against L1210 lymphoid leukemia
and P 388 lymphocytic leukemia (5, 6).

(Received for publication September 15, 1975)

o * i
o s

B (11)

In the present work, 4-[N. N-bis-[3-
{(methylsulphonyl)-oxypropyl] .aminojben-
'zaldehydes (V) were used to prepare the

-Schiff bases (VIII and IX), with those

amines which afforded the active Schiff -
bases with II in antileukemic screening
(5, 6). These are methanesulphonic acid
esters of substituted N, N-bis-(3-hydroxy-
propyl) amines in place of reported N,
'N-bis-(2-hydroxyethyl) amines (5-7). "

Chemistry -

4[N, N-bis-[3-(methylsulphonyl)-oxy-

propyl] amino] benzaldehydes (V) were
prepared through the formylation of N,
N-bis-3- (methylsulphonyl) oxypropyl]
anilines (IV) with POCI, in DMF (5-7).
Therequired N, N-bis-[3- (methylsulphonyl)
oxypropyl] anilines were prepared by the
action -of methanesulphonyl chloride on
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corresponding N, N-bis-(3-hydroxypropyl)
anilines (III) (8) in pyridine below 10° C
and were used for further reaction without
‘further - purification. Alternatively these

-benzaldehyde dimethanesulphonates were *

preparéd in’ dark] “starting from 4-[N, N-
bis-(3-chloropropyl) amino] benzaldehydes

(8) by the action of silver salt of methane- -

sulphonic acid - in acetonitrile . (7). The
- benzaldehyde dimethanesulphonates were,

characterised as 2, 4-d1mtrophenylhydra-

zones.

The general method adopted  for the
preparation of Schiff bases VIII and IX
(Tables I, II'and IIT) is the heating of mix-

ture of 4-( p-aminophenyl) thiazole hydro-

~chloride (VII) (9) or aromatic amine.

hydrochloride with aldehydes (V)in alcohol

as shown in scheme.

dchese. T ) cﬂ3-§-a

A N(CH, Yo ~-mmmmmmn
: CH, Gl G, OH) Preidl
R , (111)

h Poci 3 e N "
. . Ead - QH - v )

Experimental .
N,  N-bis-[3-(methylsulphonyl)-oxypropyl]
aniline (III, R=H)—To an ice-cold solu-
tion of N, N-bis-(3-hydroxypropyl)-aniline
(10-5 g; 0-05 mole) in dry pyridine(100ml)
was added methanesulphonyl chloride
(12-6 g, 0- 11 mole) gradually with stirring
at -5°to 10° C. Ice-cold chloroform (200ml)
was then added followed by 10 per cent
ice-cold sulphuric acid (400 ml). The oiga-

. nic layer was separated, washed succes-

sively with water, 10 per cent sodium bicar-
bonate solution and then with water. After
drying on -anhydrous sodium sulphate,
the solution was distilled and thick residue
was freed from traces of chloroform by
applying vacuum giving 13-1 g(72 per cent)
of viscotis title:compound (4).

. o
"(%%Gﬁz-o-g-caa)?_

R an

0

R R= a) H; b) 2-CHg,
Y em. : CH3S03A8
(e o 0 ntcuzmearam) e v
- * CHaCN

J\ /L NE,. HQ + V emcmcccee S
(vn)
ST = ramerfr =

(VIII)

o2 - - u : . o

St m ,HCl + V e NaCH - ".

L P @ 2 @ N(CH2CB2G2 O-g CHy),.HC1
. '

3 . R! £X) R! R (Ix)
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PN, N-bis-[3-(methylsulphonyl) oxypropyl]
aminol-benzaldehyde, (V, a)—A solution
of 11:0 g (0-03 mole) of N, N-bis-(3-
methylsulphonyl)-oxypropyl) aniline in 20
ml of N, N-dimethylformamide (DMF)
was added dropwise during one hour with
stirring to a solution of 6 ml (0-066 mole)
of phosphorus oxychloride in 20 ml of N.
N-dimethylformamide cooled to —5°C.
The cooling bath was then removed and
stirring was continued for 100 minutes.
Finally the mixture was poured on 1 kg of
crushed ice giving greenish solution which
was made basic by addition of solid sodium
bicarbonate. It was kept overnight in ice-
box. Next day a green-reddish viscous oil
separated. The aqueous layer was removed
by decantation and the oil taken up in
chloroform (75 ml). The chloroform solu-
tion was washed with ice-cold water and
dried over anhydrous sodium sulphate.
The oil obtained on removal of solvent was
successively washed with hot benzene (30 ml
x3) and the last traces of solvent were
removed in rotary evaporator under
vacuum leaving reddish-green viscous
compound. The yield was 7-2 g (62 per
cent). '

Alternatively, the title aldehyde was
prepared in dark from p-[N, N-bis-(3-
chloropropyl) amino] benzaldehyde (VI)
by the action of silver methanesulphonate
using acetonitrile as solvent (7, 8.)

2, 4-Dinitrophenylhydrazone was pre-
pared in ethanol solution and recrystallised
from methanol-acetone (2 : 1) mixture into
dark purple crystals, m.p. 129-131° C.

Anals. caled. for  CyH,N.O,S, :
C,43-87; H,4-71; N, 12.22 per cent.'

Found : C, 43-64; H, 4:-39; N, 12-10
per cent.

4[N, N-bis-[3-(methylsulphonyl) oxy-
propyl) amino]-2-methylbenzaldehyde,
(V,'b)——Tl|1_e_title aldehyde was prepared as

syrup from N, N-bis (3-hydroxypropyl)-m-

toluidine as described above for V (R=H)
in 44 per cent yield. 2, 4-Dinitrophenyl-

hydrazone was prepared in usual way, m.p.

150-152°C.-

Anals. caled. for CypHyN,0,S, :
C,644-98; H,4:94; N, 11-93 per cent.

Found :C, 44-89; H,4-68; N, 11:90 per
cent. ' '

2-( 2, 4-dibromophenoxymethyl )-4-[p- [4-
[N, N-bis-[3-(methylsulphonyl)-oxypropyl]
amino) -2-methylbenzylidenel-amino] phenyl]
thiazole hydrochloride—A solution of 2-
(2, 4-dibromophenoxymethyl)-4-(p-amino-
phenyl) thiazole hydrochloride (1-2 g,
0°0025 mole) in 8 ml of hot ethanol was
added to warm solution of 4-[N, N-bis-
[3-(methylsulphonyl)-oxypropyl] amino}-2-
methylbenzaldehyde (1-1 g, 0°0025 mole)
in ethanol (10 ml) and boiled for fifteen
minutes. The resulting clear red solution
on standing overnight at room temperature
in absence of sunlight deposited shining
reddish crystalline solid of desired Schiff
base which was collected by filtration 17 g
(79 per cent). It was recrystallised from
ethanol, m.p. 118-121° C.

Anals. caled. for CiH, Br,N; O, S;-HClL:
C, 44:36; H, 4-16; N, 4-85 per cent.

Found : C, 43-97; H, 4'44; N, 4'89
per cent.

Results and Discussion

Out of fifty-seven Schiff bases nineteen
representatives were screened at National
Cancer Institute (NCI), Bethesda, U.S.A.,
against L1210 lymphoid leukemia cells
implanted intraperitoneally in mice on
single dose and chronic schedules and in
KB cell culture. None of these compounds
passed the criteria of activity as specified
in Cancer Chemotherapy Report (10),
however majority of these compounds were
found to be non-toxic even at high dose of
400 mg/kg/day (Table IV). Compounds 7
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and 28 showed activity in KB Cell culture
and had ED =4-9x10(0) and 5-4x10
" (0)eg/ml, respectively (ED,, designates the
effective dosage which inhibits the growth
to 50 per cent of control) (10).

A search through ‘the literature shows
that a compound though inactive to one
~ particular tumor system, yet possesses high
order -of activity against a different neo-
plasm. For. example p-[bis(2-hydroxy-

ethyl)-amino] banzaldehyde, 6-purinyl-.

hydrazone dimethanesulphonate is excep-
tionally active against Yoshida sarcoma
but inactive against many other neoplasms
(11). The Schiff bases VIII and IX have no
activity against L1210, however, may be
active against other tumor systems. Their
screening against Yoshida sarcoma would

S

be of special interest, since related com-
pounds (I) are reported to be highly active
against Yoshida sarcoma (1-4).
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TABLE I

'Schiff bases'from arylamines and benzaldehyde dimethanesulphonates

N

- . 1}
Ry -N=Ca @ “‘%%%’*ﬁ‘cﬂa)a

R.

" Serial.

No. R, (L:J';I:;rg* Molecular formulat
1 3, 5-Dichloro-4-hydroxyaniline . . 109-12 C;H,CLN;0,S,;- HCL
2 3, 5-Dichloro-4-hydroxyaniline CH, '196-99 CiHpsCLLN; 0,8, - HCI
31 ‘3, 5-Dibr6mo—4—hydroxyaniiine ‘ © 90-94 CyHyeBr:N,0,S,- HCI
_4 3, 5-Dibromo-4—hydrox¥z;niline CH,3 202-05 Ca:HygBrsN,O,S,- HCI
5 B-Naphthylamine’ X CH, 200-05 C2oH5N,0S,- HCI
6 m-Chloroaniline . 9497 CyH,;CIN,0,S,- HCI
7_m-Chloroaniline CH, 140-45 CyeHyyCIN;O,S,- HCI
8 m-Bromoaniline - 88-91 Cy HyBrN, 0,8, HCl
9’ m-Bromoaniline CH,  160-63 CusHuBIN;O,S,- HCI
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TABLE II
Schiff bases from 2, 5-disubstituted-4- p-aminophenyl) thiazoles and benzaldehyde
: dimethanesulphonates
%
N N=CH n(cuecnzcnz-o-g-cﬂa)z
A | |
Ry Ry R,
S;}’;a-l R; R, R, . 1(\:;::;?; Molecular formulat
10 H CH, H 97-100  CsH5NsO4Sy HC!
1 " C.H; H 95-100  CsoHysN;04Ss- HCI
12 H 4-CH,C,H, © H 102-105  CyHyN;OeSe- HCI
13 H 2-CICH, H 124-28  CyoHaCIN;O,S;- HC
14 H 3-CICH, H 128-32  CyoHyCIN;O6Ss- HCI
15 H 4-CI1CH, H 10811  CyoHaCIN;0,S;- HCI
16 H 2-HOC,H, H 132-36  CaHygNyO:S,- HCl
17 H 4-HOC.H, H 128-30  CyoHysN;0,S,- HCI
18 H 4-MeOCH, H 135-38  Cy;HgsN;0,S5- HCI
19 H 4-(n)C;H,0CH, H 111115 CyHyNy0;S,- HCI
20 H 4, 3-HO(EtO)CeH, H 107-110  Cy3HyN3O4Ss- HCI
20 H 4, 3-(Me0);CsH, H 97-100 - CysHy:N;04S;- HCI
2 H 4, 3-PhCH,0 (MeO)C:H, H 111-115  CyHyuN;OgSs- HCI
23 H 4, 3-PhCH,0 (EtO) CsH, H 85-88  CagHysN,0sS5- HCI
24 CH, 4, 3-PhCH,O (MeO)C;H, H 90-93  CyeHyN;OsSs- HCI
25 CH, 4, 3.PhCH,O (FtO)CH, H '78-81  CyoHgsN;04Ss HCI
26 CH;, 4-C1C.H, H 18690 €3 HCINO,S;- HCI
27 CH, 4-CH,C,H, H 212-15  CyuHyN;OsS5- HCI
28 H CeH;CH, H 70-73  CyHysN;OsS;- HCI
29 H 4-C1C,H,CH, H " 95-97  *CgHyuCIN;OgS;- HC1
0 H 4-MeOC,H,CH, H 19395 CosHyN,0S5- HC
31 H C.H; CH, 117-21  CyHysN;0eSs-HCl ¢
32 H 4-CH,C,H, CH, 105-10  CyHyN;O,Ss- HCI
33 H 3, 4-(Me0),CsH, CH, 98-102  CggHyoN;0sSs HCI
34 H C.H,CH, CH, 195-98  Cy3Hy:N;O,S;- HC1
35 H 4-C1CH,CH, CH, 190-95  CyHyCIN;OgSs- HCI
36 CH, C.H,CH, CH, 230-34  CyHyN;06S;- HCI
37 H 4-CH,;OC¢H,CH, CH, 11015  CyHyN;0,85- HCI
38 H CH;, CH, 159-61 CaeH3sNg 04585 (picrate)
39 CH, CH; CH, )

186-90  CyHygN;OgSs: 2HCI
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TABLE III
Schiff bases ]rom 2-aryloxymethy1-4é ( p-aminophenyl) thiazoles and benzaldehyde
dimethanesulphonates
" %
'Mﬂ (G Oty Gy ~0-§ i),
Ry-0-cp & £ .

'S;?;, al ‘ R:. R, | lzdml:co:g’ Molecular formulat
0 H CoH; . 103-105 CnHysN:O;Sy- HC
4 H ~__2-CH,C,H; : 107-110  CyuHaNyO,S,: HCI
2 H 3-¢H,i:,H.. ' 104-106  CaHyN,O,S,- HCI
3 cH ", . CH, 172-175 C:,gI;I,,N;.O,Ss-HCI.
44 H' ' 4ciCGH, 105-108  CyHy€1 N,O,S,- HCI
45 H .  4BiGH, 107-110  CyyHy(Br N;O,S,. HCI
46 H 2,4-CLGH, | 100-103  CyHuCl1N;0,S,- HCI
47 CH; 2, 4-C1,CH, . 125:128  CayHuClN,0,8,- HCI
48 H z_,‘ 4BryC;H, 120124 CuHuBruN:OS,- HCI
49 CH, 2, 4Br,CsH, 90-92  CyyHisBraNsO,S,- HCI
0 H ' 2,4Bd(CH) CH, 90-92  CoHuBrN,0,S,- HCI
51 CH; 2, 4Br(CH)CH; | - ¢ 130-132  CyuHyBrN;O,S,. HCI
52 H 2, 4, 6Bry(CH,) CeH, 85-88  CoHyBryN;0,S;- HCI
3 CH, 2,6l4Br(CH)GH. - 105-107  CagHy;BryN,0,S,- HCI
54 H . 2, 5+i50-CoHy(CHL)C,H, 134138 - CyHoN;O,S,- HCI
55 H @~Naghthy1 o ) 106-109 - CssHyrN;0,S;- HC
s6  CH, B-Naphthyl 130-135  CoyHypN;0;S,- HCI

. 571 CH, 4-CH,CONHC,H, 150-153 * CyHuN(OsS,- HC

t -

* Melting pbints are-cabiflary meltihg points and are uncorrected.
t Analysed correctly for C, Hand N.
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TABLE IV
Screening Data*
(Test System L1210 Lymphoid Leukemia)

No.} (ml?;)/s;g) Survivors gﬁﬁiﬁ; Su:l:l;sa l pzr/SSnt
(T—C) (T/C) ,
2 400 5/6 —0.9 9.2/9.9 92
4 400 5/6 —1-1 9-4/9.9 9%
5 400 . 6/6 —0.8 9.3/9.9 . 93
7 400 6/6 - —0-1 9-2/9-9 92
9 * 400 6/6 —1-1 8-5/9-3 ) 91
19 400 6/6 —0-4 8-8/9-8 89
22 400 6/6 . —1.2 7-8/8-7 89
23 400 6/6 —2.5 8-3/9-0 v 92
25 400 6/6 —0-5 '8-8/9-8 89
28 100 6/6 —4.3 10-5/9-8 b 107
36 200 6/6 —0-4 9.2/9-3 98
39 200 6/6 —2-2 8-7/9-3 93
43 400 6/6 —0-5 8-8/9-8 89
4 400 6/6 —0-4 8-3/8-7 95-
45 400 6/6 —0-4 7.7/8-7 88
46 400 6/6 —2.5 8-3/9-3 89
47 100 6/6 0.4 8-5/9-3 - 91
48 400 6/6 - —0.7 8-5/9-8 86
49 200 6/6 —2.4 8-5/9-3 o1

* Only part of the data is presented.

* Assays were performed according to specifications established by National Cancer Institute (Formerly
CCNSC) as rep\orted (Ref. 10).

1 Numbers refer to those from Table 1, II and IT1.

§ Average weight change of test group (T) minus average weight of control (C) animals (mice).

§ The index of evaluation for L1210 is T/C [(mean survival time of treated mice)/(mean survival time
of control mice)]x 100 and T/C 2> 125 is considered positive test i.e., compounds demonstrating
T/C >125 per cent are considered active on the ground that it is a reproducible effect.
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. .. SYNTHESIS OF THIAZOLYL DERIVATIVES OF
POSSIBLE THERAPEUTIC VALUE (ANTI-
INFLAMMATORY AGENTS-1)

B. R. CoLAH AND S. S. SABNIS
Department of Chemotherapy
AND
NIRMALA D. VAIDYA AND M. B. BHIDE
Department of Pharmacblogy, Haffkine Institute, Parel, Bombay 400 012

A series of Schiff bases incorporating 2-substituted thiazoles and 1, 2, S-sub-

. stituted indole moieties has been synthesized and screened for antiinflammatory

" activity. One of the compounds (46) showed .over 30 per cent inhibition of
edema in the rat paw edema test. -

Introduction Schiff bases are known to have a high
Over the past decade, there has been an ~ degree of biological activity including
increased interest in non-steroidal anti- antiinflammatory activity (5, 6). A
inflammatory drugs which exhibit less side- ‘In the present work, Schiff bases (IV)
effects and possess good therapeutic  pogsessing both the thiazole and indole
effectiveness. moieties have been synthesized and screen-
Thiazole and indole moieties have ed for thier antiinflammatory activity.

become increasingly important in both ‘ ‘ ’
pharmaceutical and biochemical fields. Chemistry

Thiazoles showing significant antiinflam-

, e o The Schiff bases were prepared.as their
matory activity include 2-(4-chlorophenyl)- . . .
thiazol-4-yl-acetic acid (fenclozic acid, I) hydrochlorides by heating a mixture of the

(1, 2) and 2-phenyl4-(4-chlorophenyl)- 1 G ;2minophenyhthiazole hydrochloride
thiazol-5-yl-acetic acid (IT) (3). Among the anc incole--aldehyce n_l alco 9 '

indole derivatives, indomethacin (III) (4), Indole and substituted indole-3-alde-
is a well known non-steroidal antiinflam- hydes were prepared from the appro-
matory drug which is in wide clinical use priate indoles and dimethylformamide and
today. phosphorus oxychloride (7).

'HOOC, CHy
i <
g~

@

(Received for publication December 12, 1975)
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The required 4—(4-éminophenyl)thia;zoles
. were prepared as their hydrochlorides by
condensing equimolecular quantities of 2-
chloro-4’-aminoacetophenone and various
thioamides in boiling ethanol. The thiazole
bydrochlorides were obtained "in good
yields and in.a «sufficiently pure state
‘for further reactions (8).

. 4

Experlmental

2-Phenyl- 4—[4-(3-mdolydme) amzno]phenyl—
thiazole hydrochloride—To -a solution of
2-phenyl-4-(4-aminophenyl)thiazole hydro-
chloride (1-45 g, 0-005 mole) dissolved in
a minimum quantity of dry ethanol, was
added a hot ethanolic solution of indole-3-
aldehyde (0-7 g, 0- 005 mole). The resulting
solution was boiled for two-three minutes.
On cooling it deposited a. crystalline solid

R,, Ry, Ry, R, = Alkyl or aryl.

which was filtered and washed with dry
alcohol and ether. Yield 1-65 g, (80 per
cent), m.p. 256-259° C,

The other Schiff bases were similarly
prepareéd and are listed in Table L.

Results .

The compounds were screened for their
antiinflammatory -activity by an adaption
of the carrageenin induced rat paw edema
test of Winter et al. (9). Compound num-
bers 8, 26, 30, 31, 35, 46 and 56 showed
over 25 per cent inhibition of edema.
Compound 46 was the most active of the

series showing an activity of 30- 7 per cent.

These results show that the 5-CH,O
group in indole and the 4-CICH,CO
group in the 1-position of the indole ring
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(as in III) appeared to enhance the anti-
inflammatory activity while the 5-CH,
group in indole did not result in any
enhanced activity.
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TABLE I

Schiff bases from 2-substituted-4-(4-aminopheny!) thiazoles
and 1,2, 5-substituted-indole-3-aldeh ydes

sgi:' R R R, R, a“gn“’;orcr‘) Molecular formulat ekt
. ) of edema}
1 H H H GH, 256-259 CyH;,N,S-HCI 9
22 'H H H 4CICH, 277280 CoyHieCINGS- HCI 5
3 H H H GHCH, 1239241 CyHyN,S-HCI
4 H H H 3, 4CH;0).C:H; 176-180 CyHyuN,0,S-HC 7.7
s H H H 3, 4GHONCH, 154157 CyuH,N,0,S-HCI 11-1
6 H H H. 3,4, 5-(CH,O)CH, 255258 CyHyuN;0,S-HCI 5
7 H H H 4CHCONHGH,  235-240 C,H,N,0S.HCI 2.1
8 H CH H CH 237-240 CyHy,N,S-HCI 2
9 H CH  H 4CICH, 233-235  CyHyCIN,S-HCl - 11.4
10 H CH  H CHCH, 130-134 CoHuN:S-HCI 3.3
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TABLE 1—contd.

) . : per cent
‘Serial R, ‘R, R.: R, M.p.°C* Molecular Formulat  inhibition
: No. B ’ (Uncorr.) of edemat

1n H "VCH,, ‘H '3’,' 4-(CH;0):CeH, 256-259 CgHgsN;0.8-HCI 10
2 H, cH, H 3,4CHOLCH, , 230-235 CyuHyN,0;S-HCI

13 H- CH, H 3,4, S(CH;O%C:H,  230-233 CiHyN,0,S-HCl 10-6
14 H CH, H 4CHCONHCH, 215217 CpHaN,0S-HCI 7l
15 H ‘CH,CO H CH, 204-207 CyHyN,OS-HCl

16 H CHCO H mggﬁ. 206-208 c,;GH_mdNaos-HCI 16-7
17- H CH,CO H CH,CH, 197200 C.H,N;0S- HCl 16.7
18. 'H CHCO H 3, 4<CH,0)CH, ) 203-205 CasHN;05$- HC 12
19 H CH,CO H' 3, &(CH;0)CeH; . 205208 CroHN,058+ HCI _1 125
20 H CHCO * H 3,4 5(CHONCH 189191 CyHyuN:OS -HCL 10
2l H CHCO H 4CH,CONHCH,  206-209 CyH»N,0,S-HC! 6-2
22 H GHCH, H CH, 240-244 CyHyN;S- HCI 8
.23 -H CHCH, H 4-CIC,H, 239242 CoHyCIN,S-HCI 15
24 H- GHCH, H  CHCH, 174-177 CyHyeN;S- HCl 1.7
25 H GHCH; H 3,4(CH:0)CH 230-234  CysH,yN;0,S- HCI 8
% H CH,CH, * H '3, 44CH,0)CoH; 214-216 - CsHuN;0;S- HC! 26- 1
21 H CHCH, ~H 3,4S(CHONCH; 223-226 CyHyuN,0,S-HCI

8 H C.H,;CH; H 4-CH=,CONHC,H, " 215219 CyyHyWN,OS-HCI 126
29 H 4CICHCO H GCH, 148-152 CyyH,oCIN,0S- HCl 18.6
30 H 4CIGH,CO H 4CICH, 250-255 CHisClyN,0S-HCI 25
"3 H  4CICHCO H- c,I'{ﬁcH2 " 180-183 C4,H;;CIN,0S- HCI 29.4
32 H 4CGHCO H 3 qcﬁ,O),c,H, 144-147 cuﬁz.cm,oas-ch 20.4
33 H 4CIGHCO H 3,4(GHO0).CHs 153156 CssHasCIN;O,S- HCI 1.5
4, H 4-CIC.H4CO H 3,4, 5(CH,00CeH, 140-144 C,H,CIN,O,S-HCI 7.8
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TABLE 1—contd.
Sl R R R R ("fjfé;f:_) Molecular Formulat lng‘l:fll:n

of edemat

35 H 4CIGHCO H 4CH,CONHGH, 144147 CyHyuCIN,O,S-HCI 25
36 CH, H H GCH, 242-245 CyHyN,S- HCI 3.3
37 CH, H H 4CICH, 262-265 + CyHysCIN,S-HCI
8 CHs H H CHCH, 226-230 CygHyuN,S- HCI
¥ CH, H H 3, 4CHO),CH,  250-254 CyHyN,O:S-HCI ’
40 CH, H H 3 4GHOWGH 173176 CuHuN:OS-HCI 4.6
4 CH, -~ H H  3,4,5(CH0LCH, 258-261 CyuHyN;05S-HCl' 15
2 CH, H . H 4CHCONHCH,  218-220 CyHasN,0S- HC 2.3
43 CHO H H - CH, 245-249 Cy:H,N,08-HCI 14-7
4 CHO H H 4CICH, 256-258 C,H,:CIN;0S-HCI 23.7
45 CHO H H CHCH, 231-233 CyHpN;0S-HCI 9.7
4 CHO H H  3,4(CH;0%CH,  258-260 CyuHuN;O,S-HCI 30.7
47 CH,0 H H  3,4(CHO),CH,  247-250 CyHyN,0,S-HCl 12.3
48 CHO H H 3,4, 5(CH;0),CH, 254-256 CyHyN;O,S-HCI 10.7
49 CHO H H 4CHCONHCH, 200203 CyHuN,0,S-HCI 12:6
50 CH,0O H CH, CH, 202-205 CyHyN;08- HCI 7.7
51 CHO H CH, 4CICH, 182-185 CyHyCIN;OS-HC1
52 CHO H CH, C.H,CH, 150-152 Cy;HyyN;0S-HCl
53 CHO H CH, 3, 4-(CH;0),C:H; 176-179 C,;H,gN,o,,s.HCI 14.9
54 CHO H CH, 3,4-(CH,0),CH;  166-170 CyHyuN;0S-HC - 168
55 CH,O H  CH, 34 S(CHONGH; 178-181 CyHyN:OS-HCI 11
56 CH,0 H CH, 4CH,CONHCH,  230-233 CyHyN,0,S-HCl 26.7

*All melting points are capillary melting points and are uncorrected.

t Analysed correctly for C, Hand N.

$Reference drug—Phenylbutazone (50-6 per cent inhibition of edema); Dose—100 mg/kg; Number of
rats used—®6 rats per group; Test samples—Each 100 mg/kg.



98 SYNTHESIS OF THIAZOLYL DERIVATIVES OF POSSIBLE THERAPEUTIC VALUE

REFERENCES

1 Hepworth, 'W'., Newbould, B. B,, Platt, D. 8. and Stacey, G. J. (1969)—2-(4-chioropheny!)thiazol-4-
yl-acetic acid (Myalex ): a new compound with antiinflammatory, analgesic and -antipyretic activity,
Nature, 221, 582. A

2 Newbould, B. B, (1969)—The pharmacology of fenclozic acid, 2-(4-chlorophenylthiazol-4-yl-acetic

acid: LCL 54, 450; (Myalex); a new compound with antiinflammatory, analgesic and antipyretic
activity, Brit, J. Pharmacol., 35, 487.

3 Brown, K. et al. (1974)—Nonsteroidal antiinflammatory agents—I. 2, 4-diphenylthiazole-5-acetic acid
and related compounds, J. Med. Chem., 17, 1177.
4 Shen, T.Y. et al. (1963)—Nonsteroid antiinflammatory agents, J. Am. Chem. Soc., 85, 488.

5 Pala, G. et al. (1971)—Synthesis and pharmacological properties of naphthalene Schiff bases, Chem.
Abstr.,75,33578w.

6 Negrevergne, G (1974)—Pharmaceutica Schif bases and phthalides, Chem. Abstr., 80, 3232q.

1 James, P. N. and Snyder, H. R. (1963)—Indole-3-aldehyde. ‘Orgamc Syntheses’, Coll Yol. IV, Rabjohn,
N. (Ed.), John Wiley and Sons, Inc., New York, p. 539.

8 Chaudhari, D. T., Sabnis, S. S., Patel, M. R. and Deliwala, C. V. (1976)—Synthesis and study of 4-(p-
aminophenyl)thiazoles for in vitro antitubercular activity and as useful chemotherapeutic agents, Bull.
Haff. Instt., 4, 8.

"9 Winter; C. A, Risley, E. A. and Nuss, G. W (1962)—Carrageenm induced edema in hind paw of the rat
as an assay for antiinflammatory drugs, Proc. Soc. Exp. Biol. Med., 111, 544.

-



Bull Haff Instt Vol. 4 No.3 1976

EFFECT OF DISODIUM CROMOGLYCATE ON THE
FORMATION OF BRADYKININ

R. B. GHoor* AND M. B. BubE

Pharmacological Research Unit, C. C.R.I. M. & H., Circuit No. 2,
Department of Pharmacology, Haffkine Institute, Bombay 400 012

Disodium cromoglycate (DSCG) is a specific inhibitor of antigen antibody reac-
tions of the reaginic type, its effects on’ the formation of bradykinin from human
plasma have been studied. The formation of kinin-was induced by activation of
endogenous factors, or reaction with exogenous kallikrein. It was observed that
DSCG inhibits the activation of PF/Dil by activated Hageman factor; however
the activation of Hageman factor or its constitution were unaffected. These results
were reproducible when cell free samples of plasma were used.

It is suggested that DSCG inhibits the formation of kinin from human plasma
in vitro, by interfering with the activation of PF/Dil by activated Hageman factor
and that, this is not mediated by the cyclic nucleotide system.

Introduction

Bradykinin is one of the mediators of
anaphylaxis (1, 2) which is formed by the
action of kallikrein on plasma kininogen
(3). Though both, kininogen and kallikrein
are present in the blood, kinin formation is

.

noramlly negligible (4), this is due to the
presence of kallikrein in an inactive form—
prekallikrein. The activation of the kalli-
krein precursor can be brought about in
a number of ways, Hageman factor and the
Plasma factor for dilution play important

ANOMALOUS SURFACES, COLLAGEN, ETC,

HAGEMAN FACTOR

HAGEMAN FACTOR™

PRO PF/DiL — PF/DIL"

OTHER FACTORS, LOW AND HIGH

COAGUL ATION

MOL . WT. ACTIVATORS

4 DILUTION
KALLIKREIN®

PREKALLIKREIN

ASTERIK % DENOTES THE ACTIVE FORM OF THE FACTOR.

Figure 1
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Gisttingen, Federal Republic of Germany.

roles in the activation of prekallikrein (5,6,
7). Douglas (1975) has suggested a scheme
which is operative in the formation of
bradykinnin (27), (see Figure 1).
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Disodium Cromoglycate is a specific
inhibitor of antigen antibody mechanisms
(8). It has been demonstrated to inhibit the
appearance of the mediators of anaphy-
laxis during experimental anaphylaxis (9).
It has been suggested to afford protection
‘against anaphylaxis, by preventing the
release of mediators, which follows an anti-
"gen autibody reaction of the reaginic type.
Bradykinin is one of the substances. whose
appearance in the blood is regulated by its

formation and destruction. An attempt has.

therefore been made to study the formation
.of bradykinin from human plasma,. using
various methods, and the influence of
disodium cromoglycate (DSCG) on
these mechanisms.

Materials and Methods

All the. glassware used for this study were
siliconized. All chemicals- used were of
analytical grade. :
Agents used in this study—Heparin (Bio-
logical Evans), atropine sulphate (B.D.H.)
methysergide bimaleate (Sandoz), disodium
cromoglycate (Fisons' Ltd.), synthetic
bradykinin-BRS640 (Sandoz), kaolin (E.
Merck), Kallikrein-Padutin (Bayer). Whole
human blood was collected from the
“departmental ‘staff, in siliconized test tubes
containing ~ heparin. The plasma was
separated by centrifugation at4,500 rpm for
twenty-five minutes. It was stored at 4°C,
and used within twenty-four hours of collec-
tion. Four samples of plasma were filtered
through a milipore filter of pore size 25
microns, to.render them cell free

The plasma samples were subjected to
the following procedures : '
1. Acid Deactivation—0*2 ml of plasma
- was heated with 18 ml of 0-02 per cent
acetic acid, at 95°C for thirty minutes.
This procedure causes the destruction of
plasma kallikrein rendering it suitable
for the study. of exogenously added
kallikrein (10, 11). o

2. Kinin Formation—For studies on
the formation of kinins, plasma was incu-
bated with appropriate agents. The incu-
bations were carried out on a Dubnoff
metabolic shaker, maintained at 37°C.
The reactions -were stopped by the
addition of 1 ml of boiling physiological
saline.

3. Kinin Assays—Assays of bradykinin
were performed on the isolated rat
uterus, bathed in DeJalon’s solution, at
30°C. The perfusion fluid contained
atropine sulphate (100 pg/L) and.
methysergide bimaleate (100 pg/L).

4. Effect of DSCG on the Formation
of Kinins—Kinin formation was induced
by various methods, and for each of
these methods, the .effects of DSCG
were studied using a wide range of doses
(0-125 to 100 pg/ml). The following
procedures were used to induce kinin
formation in human plasma :

(@) Activation of Hageman Factor—
Hageman factor can be activated
by anomalous surfaces (4), kaolin in
suspension, provides a_large surface
area for contact(12). Plasma was
incubated with kaolin suspension to
achieve activation of this factor.

The incubation mixture contained:
0-1 ml plasma + 0°1 ml saline (or
DSCG) + 0°1 ml kaolin suspension
(50 mg/ml).

(b) Activation of PF|Dil—The pre-
PF/Dil can be activated by either
activated Hageman factor or by a 10-
or 20-fold dilution with saline (6, 7).
Plasma was incubated with saline in
order to study this mechanism.

The incubation mixture contained:
0°1 ml plasma .+ 09 ml saline (control
samples), in test samples it contained
0°1 ml DSCG + 08 ml saline.



GHOOI AND BHIDE 101

(¢) Formation of Kinins by Kalli-
krein—Acid deactivated plasma was
used for this study, incubation was
carried out with exogenous kallikrein.
Plasma was neutralized before use.

The incubation mixture contained:
1'0 ml of deactivated plasma 4 0-1
unit of kallikrein.

The results of the pilot experiments
suggested that peak formation of kinin
is at 2 to 4 minutes of incubation, all
incubations were stopped at the end
of four minutes.

Kaolin cephalin time has been used to
study the activity of Hageman factor( 13,
14, 15). This parameter was used to study
the effect of DSCG on the activation
of Hageman factor. The incubation was
carried out using citrated plasma, and

the following procedure was adopted:

0-1 mi citrated plasma + 01 ml saline
(or DSCG) + 0°1 ml cephalin incubate
mixture for two minutes 401 ml
kaolin suspension (50 mg/ml) +0-1 ml
of 0-025 M CaCl,. Note time required
for the formation of clot.

Results

The peak formation of kinin was found to
be between 2 and 4 minutes of incubation
time. ‘Average amount at the peak was
found to be 0-55 + 0-36 ng/ml.

Effect of DSCG on the Formation of
Kinin—DSCG was studied in the doses,
ranging from 0- 125 to 100 pg/ml. DSCG in
doses ranging from 0-125 to 2°0 p.g/ml
caused a graded inhibition of the brady-
kinin formation. Figure 3 gives a graphic
representation of this effect. Figure 2 shows
the recording of the assay.

EFFECT OF DSCG ON KININ FORMATION

BY KAOLIN

Figure 2.

Pgsml,BK

AMQ DSCG
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It was observed that DSCC was without
effect, on the kinin formation induced by
dilution, or pure kallikrein enzyme.

Figure 4 shows comparative effects

of DSCG (2 y.g/ml) on kinin formation
induced by all the methods. It can be

observed that DSCG in that dose does
not inhibit formation of kinin induced by
- dilution, or kallikrein, total inhibition of
formation induced by kaolin,and negligible
inhibition when plasma was incubated with
saline and kaolin. .

DSCG in doses upto 100 pg/ml was
without effect on' kaolin cephalin clotting
time. All the afore mentioned results were
reproducible using cell free samples of
plasma.

Discussion

Disodium cromoglycate was found to
" inhibit-the formation of kinin from human
plasma. However, it did so when the
formation. was induced by kaolin only, it
had no inhibitory effects when other
mechanisms were employed. The fact that
DSCG does not prolong the kaolin cepha-

lin time suggests that DSCG though not

EFFECT OF SCE ON KININ-FORMATION

TR U T B e
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Figure 4

affecting the activation of the Hageman
factor, inhibits its activity on the PF/Dil.
The constitution of PF/Dil appears to be
unaffected, for it.can be activated by dilu-
tion even in the presence of DSCG. There-
fore DSCG probably acts’ by interfering
with the activation of PF/Dil by activated
Hageman factor. .

The suggested mechanism for the action
of DSCG, is that it inhibits the enzyme

phosphodiesterase, thus causing an accu-

mulation of,3’, 5'-adenosine monophos-
phate, cyclic. This cyclic nucleotide is
believed to inhibit and interfere with the
release of mediators of anaphylaxis (8,16).
This hypothesis adequately explains the
effect of the drug on preformed mediators
like histamine and serotonin, whose
appearance in the body fluids can be

- prevented by interfering with their release

from storagesites. It however fails to explain
the effects .of the ‘drug on the mediators
which are formed prior to their release,and
whose appearance in the body fiuids is
controlled by the rate of their synthesis.
Bradykinin (2), Prostaglandins (17, 18, 19),
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and the slow réacting substance of ana-
phylaxis (20), are known to be formed
before their release.

‘The experiments using cell free samples
of plasma yielded identical results. The
cyclic nucleotide system essentially operate
intracellularly, adenyl cyclase being a part

plasma, in vitro, by interfering with the
activation of PF/Dil by activated Hageman
factor, and that this inhibition may not be
mediated by the cyclic nucleotide system.
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STUDIES ON THE INTERACTION OF PIPERAZINE
AND SENNOSIDES ON ISOLATED RAT COLON*
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Department of Pharmacology, Haffkine Institute, Parel, Bombay 400 012

During our study on the bioassay of senna in a piperazine-sennosides preparation,
piperazine was found to inhibit the action of sennosides. Hence this in vitro study
of interaction of piperazine and sennosides on isolated rat colon was undertaken.

Sennosides produced a dose dependent contraction of the rat colon in a dose
range of 50 to 800 (Lg/ml. This action was not blocked by atropine or mecamy-
lamine. Histamine, 5-HT and bradykinin failed to produce the contraction of

the rat colon.

Piperazine ‘blocked the contractions induced by sennosides but failed to block
the actions of acetylcholine or barium chloride. The action of sennosides appears
to be on specific receptors. Mechanism of action of sennosides and the nature of

block produced by piperazine are discussed.

Introduction

A number of piperazine-sennosides prepa-
rations are available for the treatment of
round worm infestation. Sennosides are
added to such preparations in order to pro-
duce purgation and thus expel paralysed
worms. During our study on the bioassay
of sennosides in one such preparation,
using Lou’s method (1), it was observed
that piperazine inhibited the action of
sennosides in vivo. As the colon is the site
of action of senna (2), rat colon was chosen
as the preparation for this study.

Materials and Methods

Rats of either sex weighing between 100-
150 g were used. Food was withdrawn
twenty-four hours before the experiment,
allowing water ad lib. The animals were

(Received for publication December 18, 1975)
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1974.
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sacrificed by cervical dislocation. Colon
was dissected and lumen washed using
DeJalon’s solution. A piece, 2-3 cm in
length, was suspended in an organ bath
containing DeJalon solution maintained
at 29 4 1° C and bubbled with oxygen.
Drugs were added into the bath and res-
ponses recorded on a smoked drum using
frontal writing lever with a magnification
of X 15. Action of sennosides on guinea-pig
ileum rat stomach fundus and rat uterus
was also studied.

Drugs used—Calcium sennosides A & B ;
piperazinecitrate ;acetylcholine; histamine;
5-hydroxytryptamine, bradykinin ; barium
chloride; atropine and mecamylamine.

The concentrations of the drugs are
expressed in terms of their salts. Number
of experiments (N) are stated under
results.

Results

Sennosides A & B produced a dose related
contraction of isolated rat colon in doses
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_ranging from 50 to 800 pg/ml (fig. 1,N=6).
The onset of action was within 10-15
seconds and the maximum effect was seen
within sixty seconds. Atropine did not

‘block the action' of sennosides in a’’dgse”
“upto 10 pg/ml, although it abolished the.

responses to acetylcholine (fig. 2a). Meca-
‘mylamine (10 pg/ml) -also had no_effect.,
on the responses to "sennosides (N =3).
Histamine, 5-HT and bradykinin did not
produce contractlon of . the isolated rat
colonina conccntranon as high as 500 yg/

e

® ‘ ® - o o
50 * 200 % 80qQ
’ 100 400
ng/mi
Figure I—Dose response curves of

sennosides (@) on isolated *
rat colon,

ml. Sennosides failed to produce any action
on isolated guinea-pig ileum, rat stomach
fundus and rat uterus.

‘Piperazine, upto a dose of 800 pg/ml,

-did not produce any effect on the isolated

rat colon. But, when the tissue was exposed
tothe action of piperazine for three minutes

“prior ‘to the addition of sennosides, the

action of sennosides was blocked (fig.-2b,

- N=6). The degree of block was related to -
' the doncentration of piperazine. Increased

Figure 2—Effect of atropine (A—1-0 (1g/ml) and
piperazine (p—200 [.g/ml) on tlte responses
induced by acetylcholine (O—20 ng/ml) and
sennosides (2-—200 pg/ml) on the isolated-
rat colon.
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concentration of sennosides overcame the

block. Piperazine failed to block the actions
of acetylcholine or barium chloride in

concentrations as high as 800 p.g/ml(N=3).

Discussion

We have shown that sennosides produce
contractions . of the smooth muscles of the
colon. This appears to be a specific action
on colon, since the drug does not produce
contraction of other smooth muscle pre-
parations such as guinea-pig ileum, rat
stomach fundus or rat uterus in doses as
high as 500 pg/ml.

Action of anthracene purgatives hasbeen
attributed to the presence of "anthraqui-
nones which are absorbed and resecreted
in the large colon where the bacterial flora
are said to hydrolyse the glycoside into an
active aglycone. Our results, in vitro,
demonstrate clearly ‘that formation of
aglycone may not be necessary.

The smooth muscle activity of the colon
is under the control of the parasympathetic
nerves. The stimulation of the muscle by
the drug can be either through the action
on the parasympathetic ganglia or on the
cholinergic receptor. Both these mecha-
nisms do not seem to be involved in the
action of sennosides, since neither mecamy-
lamine nor atropine blocks the contrac-
tions induced by the drug. Further, the
action does not seem to be mediated
through the release of histamine, 5-HT or
bradykinin. The colon is not sensitive to
- the action of these substances in the con-
centration upto 500 pg/ml. It is therefore
concluded that sennosides act directly on
the smooth muscle of the colon.

Piperazine does not have any action on
the smooth muscle. It has been shown to
block the action of acetylcholine on the

nicotinic site (3). Further, . piperazine
blocks acetylcholine receptors on the
ascaris muscle (4)." Piperazine " failed
block the contraction of the colon mduced
by acetylcholine and ‘also barium chlorlde
However, it speclﬁcally blocked the smooth
muscle stlmulatlon mduccd by senn051des
This block is ‘dose dcpendent and rever-
51ble The piperazine block can be over-
come by mcreasmg the concentranon of
sennosides in the bathing fluid and maxi-
mum effect of sennosides can be obtained
in the presence of piperazine. All this evi-
dence goes in favour of a competitive type
of antagonism as described by Aruna-
lakshana and Schild (5). However, further
work will be needed to elucidate the

* mechanism of this block.

Sennosides seem to act on specific recep-
tors on colon and its action is blocked by
piperazine.

The results indicate that giving pipera-
zine with senna in clinical practice is not
rational since the action of senna is likely
to be blocked by piperazine. The failure
of senna to produce purgation in animals
given piperazine with senna combination is
explained by this antagonism.

Summary

‘Sennosides produce dose dependent con-

traction of colon.,

The drug acts on specific receptors since
its action is not blocked by atropine or
mecamylamine. Colon is not sensitive to
histamine, 5-HT or bradykinin.

Piperazine does not block the action of
acetylcholine or barium chloride.

Piperazine specifically blocks the action /
of sennosides. The block is reversible and

dose dependent.
/

/

‘
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SUBSTITUTED SALICYLANILIDES AND THEIR
ANTIMICROBIAL ACTIVITY

R. P. KiN;, MADHUBEN R. PATEL AND M. H. SHAH
Department of Chemotherapy, Haffkine Institute Parel, Bombay 400 012

A series of substituted salicylanilides were prepared and tested for antimicrobial
activity. Majority of the compounds showed in vitro antituberculosis activity
in the range of 1-5 p.g/ml. None of them showed any activity against other

pathogenic bacteria and fungi.

Introduction

Derivatives of salicylic acid have long been
known to possess fungistatic activity; and
some of these have been employed as both
industrial and medicinal chemicals. It has
been shown in the literature that, conver-
sion of salicylic acids into anilides markedly
increased antibacterial activity (1, 2). Halo-
nitrosalicylanilides have been patented for
their antibacterial activity (3, 4).

Mayer’s hypothesis (5), postulatés that
the mycobacteria and fungi being phylo-
genetically closely related, substances act-
ing as antifungal agents are likely to show
antituberculosis activity also. In the present
work, the lead was taken from 5-bromo-4’-
chlorosalicylanilide (Multifungin), which
is being used clinically for the fungus
infection of the skin (6).

Besides, some of the substituted anilines

with general formula (I), tested in our

laboratory have shown in vitro antituber-
culosis activity upto 20 pg/ml (unpublished
data).

(Recieved for publication January 5, 1976), :

OR

NEp

(1)
Where X = Cl or Br; R = H, CH,, or
C,H;,.

The synthesis of a series of compounds
of the general formula (I) was, therefore,
undertaken in an effort to develop impro-
ved drug activity and define further the
structural parameters leading to activity
within the class.

H

?

CO~ e OB

R (1I) X

Where R = Br or NO,; X =Br or Cl;
Rl = H, CH3 or Csz.
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Chemistry

‘ The proposed-anilides have been obtained
by reacting 5-substituted salicylic acid
chloride with appropriate 3,5-dihalo-4-

‘alkoxyanilines 'in “a mnonpolar .solvent..
These compounds could also be obtained .

dlrectly from the acids, by reaotmg them
with ‘the appropriate, aniline in presence
of thionyl chloride -although -with lower
yields. The requisite amines were prepared
from p-nitrophenol as per the standard
procedures '

Experimental'- o
2,6-Dichloro-4-nitrophenol was prepared
in 86 per cent yield by chlorination of
4-nitrophenol (7). The corresponding 2,
6-dibromo . derivative was obtained in
quantitative* yreld _by using bromine in
acetic acid (8)."2, 6 Dihalo-4-nitro-anisole
was prepared by_the action of dimethyl
'sulphate on the requisite 2,6-dihalo-4-
" nitrophenol (9). 2,6:Dibromo-4-nitrophe-
"netole was prepared by the action of
diethyl sulphate on the corresponding
phenol; « however, 2,6-Dichloro-4-nitro-
phenetole could only be obtained (65 per
cent yield), by using ethyl iodide in presence
of anhydrous potassxum carbonate. Nitro
compound was reduced to .amino com-
' pound using, granulated, tm and concen-
trated hydrochlorlc acid (12) :

-3 5 chhloro 4’-methoxy—5-bl omosali-
cylamlzde Method A—A mixture of 5-bro-
mosalicylic acid (2-17g,0- 01 mole), thionyl
chloride (8 ml) and benzene. (30 ml) was
refluxed for four hours. The solvent along
with excess of thionylchloride was removed
by distillation under reduiced pressure. To
the ‘residue (acid,. chloride), a solution of
2, 6-dichloro-4-aminoanisole (1-92 g; 001
mole). in ‘benzene (30 ml) was added and
refluxed for four hours. The solution was
concentrated and filtered. The residue was
dried, pulverised and then suspended in

- cylanilide :

.,

100 ml of 10 per cent hydrochlonc ac1d
The product was filtered, washed well with
water and crystallised from aqueous
ethanol (m.p. 266-268°C).

3!,5'-Dibromo-4’-methoxy-5-bromosali-
Method:- B—A mixture of
5-bromosalicylic acid (2:17 g; 0-01 mole),
2, 6-dibromo-4-aminoanisole (2:81 g, 0-01
mole) and benzene (20 ml) was treated
dropwise with thionyl chloride (6 ml), and
then refluxed for eight hours. Solvent

_was then removed and the resrdue was
treated with dllute hydrochlorlc acid and

subsequently with sodium bicarbonate. The
solid was washed with water and recry-
stallised from aqueous ethanol, m.p. 260°C.
The salicylanilides thus prepared are listed
in'Table I

Blologlcal Results and Dlscusswn

The various anilides were screened agamst
three strains of pathogenic fungi viz.,
C. albicans, T. rubrum and T. mentagro-
phytes, in the liquid médium of Schrauf-
statter ‘et al. (10). Simultaneously, these
compounds have also- been tested in vitro
against M. tuberculosis (Hy,Rv) in You-
mans’ medium (11), using serial dilution
method. The results are shown in the
last column in Table I." The compounds
were also tested against a few pathogenic
gram-positive and gram-negative bacteria.

None of the compounds from this series
showed any antifungal action against three
strains of pathogenic furgi. ‘Majority of
the compounds showed in vitro activity
against M. tuberculosis (H,,Rv) in the
range of 1-5 pg/ml In the series,
S-nitrosalicylanilides were- comparatively
more active -than 5-bromosalicylanilides.
Introduction of alkoxy group in4’-position
increased the activity. It was observed that
when 4'-methoxy group (No. 4) was
replaced by 4'-ethoxy group (No. 5), the
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activity markedly increased. The most
active compound encountered in the series
was S-nitro-3’,5'-dibromo-4’-ethoxy
salicylanilide (No. 8) showing activity at
I pg/ml. Also, the compounds in this series
showed no activity against gram-positive
(S. aureus) and gram-negative (S. typhi,
E. coli and V. comma) bacteria.

111
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TABLE I

Substituted salicylanilides

Lowest in vitro

S;{tci’a.ﬂ R X R, M.p.° C* fﬁiﬁg Molecular formula  Analysest _anti-T.B.
. conc. yg[{nl

1 Br Br OCH, 260 B CyuHyBrNO, C,H N 100
2 Br Br  OCH, 248 B CyHyBr,NO; G, H N 5
3 Br c OH 220-221 A CypHgBrCLNO,  1C, H,N 5
4 Br Cl  OCH, 266-268 A CyHBrICLNO, C H,N 100
5  Br Cl  OCH; 26239 B CyHi,BrICLNO, G H,N 5
6 NO, Br OH 233-236 A C1sHeBryN,0; C.H,N 40
7 NO, Br  OCH, 277-280 A C1:HioBrN;05 CHN 2
8 NO, Br  OCH, 265-266 A C1eH1Br;N,O5 C,HN 1
9 NO, Cl  OCH, 270212 B C14Hi14CloN.O; C.H N 2
10 NO, C  OGH; 250-252 A CysH1:ClN0; §C,H,N 2

*Melting points are capillary melting points and are uncorrected.
1The analytical results of the elements indicated by symbols were within +0-4 per cent of the theorectical

values.

#Found, C, 42-10 per cent; requires C, 41-27 per cent.
§Found C, 49-42 per cent; requires C, 48 52 per cent.
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SYNTHESIS AND STUDY OF 2-HETEROCYCLIC
AMINOPYRIDO-(3, 2-d) THIAZOLES AS POSSIBLE
ANTHELMINTIC AGENTS

B. G. KHADSE, M. H. SHAH, M. B. BHIDE AND VIJAYALAXMI M. BHAT
Haffkine Institute, Parel, Bombay 400 012

2-heterocyclic aminopyrido-(3, 2-d) thiazoles are synthesized and tested against
N. dubius in mice, 2-adamanty! aminopyrido-(3, 2-d) thiazole is the most active.

The presence of various heterocyclic units
like thiazole, thiazoline, adamantane,
quinoline, pyrimidyl, etc. in many anti-
parasitic (1, 2), particularly anthelmintic
(3,4), compounds tempted us to incor-
porate these biologically important
moieties into pyridothiazole moiety to get
the compounds of type IIL. '

These compounds were prepared by
reacting the corresponding heterocyclic
amines with 2-chloro-3-isothiocyanato-
pyridine as previously described (5). *

refluxed on a water bath for three hours.
A solid product separated out which was
filtered, washed with cold ethanol and
recrystallised from ethanol. The various

compounds thus prepared are listed in

Table 1 along with their analytical and

- activity data.

Biological Discussion

All the compounds in this series were
insoluble in water except the 2-aminothia-
zine derivative. Therefore, this was the only
compound that could be tested against

NCS '
® + HN-R — > (QI s /ﬂ; NH-R,HC1

S a

¢y) an
Where R =2-thiazolyl, 2-thiazoline, 2-thia-
zine, 1-adamantyl, 3-quinoline,
8-quinoline, 2-furfuryl, 2-(4,

6-dimethyl) pyrimidyl.

Preparation  of 2-(substituted-amino)
pyrido(3, 2-d)-thiazole—2-Chloro-3-isothio-
cyanato-pyridine (0-01 mole) in ethanol
(25 ml), was treated with the appropriate
amine and the reaction mixture was

(Received for publication September 1, 1975

(I

A.lumbricoides using the known method(6).
It showed activity at a minimum inhibitory
concentration of 1 pg/ml (33 per cent).
However, the compounds were tested
against N. dubius. in vivo and all of them
exhibited anthelmintic activity. The most
active compound in this series was the
2-amino-adamantane derivative which
showed mortality of the adult worm upto
the extent of 92 per cent at 0-2mg dose
level. '
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TABLE I
2-heterocyclic amino-pyrido (3, 2-d) thiazole

R.
Serial ' M.p.°c* * Yield . ‘ Dose Per cent
No.: ‘ R. . ' (uncorr.) = Per cent MOICCH.I ar formulat (mg) Mortality$
1 2Aminotbia‘z‘oﬁne .. 25557 45 GHN.S-HCI 01 67
; 0-5 n
2 2- Ammothlazolyl 2175177 40 CoHN,S,. HCI 01 ...
3 2-Amino (8- qumolme) .. 183-84. 50 CysHoN,S- (F.B.) 0-1 55
L . ) 0-5 62
4 2-Ammo-.(3-qumolme) .. 297-98 © 50 CysH;,N,S- (F.B.) 0.1 54
. . 0.5 78
52 Ammo(4 6- dunethyl)-pynmxdyl 285-86 15 CH3NgS- (F.B.) - e e
6 2-Amino (furfuryl) .. 198—200 60 ., CuHN;0S.HCl 0-1 55
: . . 0.5 65
2-Amino (1-adamanty!l) . ,‘265—66 60 - C1eHgNgS-HCI 0-1 79
' g S 0-2 92
8 2-Amino-5, 6-dihydro-1, 3, 4-(H) = 124-25.- 55 Y CyHyN,S,-HCl 0.1 61
thiazine. . 0-5 79

T Meltmg pomts are capxllary melting pomts and are uncorrected. -
t Analysed cor,rectly for C, H and'N up to 4 0- 4 per cent,.

$ Per cent mortality. of the adult work at the seventh day, after administration of the di'ug.
. Standard drug=L-Tetramisole.
(Mortality rate at the dose of 0-1 mg=100 per cent)
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STUDIES ON SENSITIVE COLORIMETRIC
METHOD FOR DETERMINATION OF
ETHINYL ESTRADIOL

LALITA S. SHIRSAT AND M. H. SHAH ¢

Department of Pharmaceuticals, Haffkine Bio-Pharmaceutical Corporation Ltd.,
Parel, Bombay 400 012 ’

The diazotized m-nitroaniline is coupled with ethinyl estradiol for its rapid
colorimetric estimation. The yellow -colour obtained in alkaline condition is
quantitatively measured at 450 nm. The application of this procedure to

pbarmaceutical products is satisfactory.

Estimation of ethinyl estradiol has posed
a problem, in view of the very small dosage
usually recommended. Particularly, in
programme of family planning, estimation
of every tablet containing ethinyl estradiol
individually has become important. There
have been a number of methods employed,
most of them having certain disadvantages.
The very sensitive fluorometric method
offered by James (1) is based on Lieber-
mann Burchard reaction. This method can
estimate 0-5 p.g/ml but often its fluore-
scence is quenched by other ingredients (2).
However, reasonably sensitive and reliable
colorimetric methods have recently been
reported (2) (3). These methods are claimed
to show minimal interference by other
common adjuvants. The method using
4-amino-6-chloro-m-benzenedisulphona-
mide offers-a stable colour which could
be measured at 500 nm; however, the
minimum quantity estimated is 50 y.g of
estrogen per milliliter.

In 1975, diazotized 5-chloro-2,4-di-
nitroaniline has been reported to couple
with ethinyl estradiol (or any phenolic
compound) to give extremely stable colour.
We were attracted by this method for
adopting for our routine estimations;

(Received for publication August 3, 1976)

however, in our hands the 5-chloro-2,
4-dinitroaniline failed to get diazotized,
under the conditions reported and we,
therefore, searched for an alternate reagent
which could successfully be used to the
required sensitivity and reliability. We
observed that m-nitroaniline when dia-
zotized and coupled with ethinyl estradiol
produced a stable yellow colour which .
could be measured at 450 nm. This reagent
could be utilized to estimate phenolic
steroids i.e. ethinyl estradiol in the dosage
recommended for daily use. To minimize
the instrumental error we could success-
fully add known standard quantity of
phenol in each of our estimations with no
loss of accuracy of the results. By this, the
readings were brought to the centre of the
scale of the spectrophotometer.

Materials and Methods

Coleman Spectrophotometer model 14 was
used to determine the absorbance values
reported.

Reagents and Solutions—m-Nitroaniline
(m.p. 112-113°C) 0-04 per cent solution in

.ethanol, IN hydrochloric acid, 3-per cent

aqueous sodium nitrite, 2M sodium acetate,
01N and 1'ON sodium hydroxide, approxi-
mately 0-001 per cent phenol and distilled
absolute ethanol.
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Standard Ethinyl Estradiol Solution—
Accurately weighed about 5 mg pure
ethiny] ‘estradiol is dissolved in 5 ml
ethanol in-a 50 ml volumetric flask and
volume made up with 0- I'N NaOH.

Preparation of the Sample—Extract an
accurately weighed sample of the powder
or powdered tablets, preferably-equivalent
to about 0-5 mg of ethinyl estradiol with
three 5 ml portions of ethanol. Centrifuge
each portion, filter the ethanol extracts into
a small beaker, and evaporate to dryness.
Transfer the contents of the beaker quanti-
tatively with 0-1N sodium hydroxide to
a -10 ml wvolumetric flask and dilute to
volume - with -additional 0-1IN sodium
hydroxide: If solution is. not clear, centri-

fuge it and take supernatant as the assay.

solution.

Single T ablet Analysis—Extract finely

powderedf tablet (about 50 pg of ethmyl'

estradnol) thrice with 3 ml, 2 ml and 2 ml
portions of ethanol centnfugmg each por-
tion separately in the same centrifuge tube
and collect the extract in a small beaker.
Evaporate the.extract to dryness. Add 1-5
ml of 0 IN NaOH and again centrifuge
this solutlon Take 1 ml from the super-
natant and add 1 ml of standard solution
of phenol to make the assay solution.

CoIour‘ Development—Into separate
flasks, pipette successively 1 ml of each
of m-nitroaniline, hydrochloric-acid and
sodium nitrite solutions and mix well. Allow
to stand for two minutes and add 1 ml of
ethanol, and either 2 ml of standard

_solution, 2 ml of the assay solution or 2 ml

of 0-IN sodium hydroxide solution to:

separate flasks. Add 2 ml of sodium acetate
solution to each flask and allow to stand
for twenty minutes. Add 3 ml of IN sodium
hydroxide. Allow to stand for thirty minu-
tes and determine the absorbance of the
standard and the sample solution at 450
nm against the blank.

TABLE

Commercial two component sample
of -ethinyl estradiol

Amount Amount

Name labelled found . Content
ing in ug 10 per cent
Orlest 28 .. 50 50 100
50 50 100
50 50 100 .
50 50 100
Norlestrin .. 50 51 102
0. sl 102
Ovulon 50 52.5 105
50 52.5 105
Results and Discussion

It is observed that 0-04 per cent ethanolic
solution of the reagent and 3 per cent
sodium nitrite gave the most satisfactory
results. Excess sodium nitrite did not
interfere and so it was not necessary to

- destroy the excess nitrous acid.Use of 0- IN

NaOH to dissolve ethinyl estradiol and
diluted with 1 N NaOH after coupling
was found to offer most intense and
reproducible colour.

For extraction of ethinyl estradiol from
tablets the iso-octane-benzene mixed sol-
vent as suggested by National Formulary
was not necessary since ethanol or metha-
nol worked well. Thus extraction of ethinyl
estradiol from tablets with ethanol is pre-
ferred. No difficulties were encountered in
estimation of Orlest 28, as well as Norle-
strin (both Parke Davis) or Ovulan 50
(Searle). In colour development, addition
of 1 ml of ethanol was found necessary
to avoid turbidity which appeared in its
absence.

The colour intensity increases for the
first twenty minutes at pH 5 and then
remains constant for at least sixty minutes
before taking readings at 450 nm at pH 12.
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The relationship between absorbance at
450 nm and conceéntration is linear upto 20
ug/m! concentration of ethinyl estradiol.

The sensitivity of this method permits.

a reliable assay on a single tablet with 50
p.g of ethinyl estradiol.

The recoveries (table) in all cases was
100-102 per cent with a good spectro-

photometer preferably with a. voltage
stablhzer '

{
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