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YASOMOTOR ACTIONS AND SMOOTH MUSCLE RELAXANT PROPERTIES OF SOME
INTERMEDIATES OF CHLORAMPHENICQL

CHANDAN MITRA®*, ARUN KUMAR MUKHERIEE ano SACHCHIDANANDA BANERJEE
Research and Development Division, Dey's Medical Stores {Manufacturing) Limited, Calcurig 700019, Indin

ABRSTRACT

-Amino-p-nifroaceicphénone hydrochloride (I}, ¢racetamido-p-nitrophenone (1) and
w-acetamudo hydroxymethyl-p-nitrophencne (W) are intermediates formed in the synthesis of
chlcrambenicel {rom p-nitroacefophenone, The effects of these compourds ¢n the blood pressure
of anassthetised cats and on the smooth muscles of different species of animals were studied to
find structure-function relationship, if any, of chlcramphenicol and its intermediates. When injected
imtravenously the compounds I and I produced a derression in blood pressure followed by an
over-shooting rise. Using different blocking agents, it was postulated that the vasodepression wag
a direct effect of the compounds on vascular smooth muscle, The secondary vasopressor effect of
the compgunds was a sympathomimetic effect, The actions were similar to those observed
with chloramphenicol ang its hydrelytic product 2-amino-1-p-nitropheny) propane-1,3-diol. The
compound 1V, however, had no cardio-vascular effect. All the compounds, however, inhibited
smooth muscles of various spegies of animals,

INTRODUCTION propane-},3-diol. This compound 3also  inhibited

smooth muscles ke chloraniphenicol®.  After intra-
venous administration, both chloramyhenicol and the
hydrolytic product produced vasedepression foligwed

HLORAMPHENICOL inhibited smooth muscles
of laboratory animals {(guinea pig ileum, guinea

P8 trachea, rabbit ileum, rabbit jejunum and rabbit
aoTiic strip) decreasing both the helght and frequency
of spentancous contractions. Chloramghenicol-induced
reladation was not mediated through adrenergic,
cholinergic or histaminergic mechanisms and apyeared
to act directly on the musclel, Chloramphenicol after
hydrolysis is converted into 2-amino-l-p-nitropheny)

by am over-shooting rise ¢f blood pressure’, Hyper-
tens1on was a sympathomimetic effeci®,

The most efficient of the several rouwies devised
for the synthesis of chloramphenicol commenced
with p-nitroacctophenone®, The different compounds
formed in the process are:

(1) G}N—@— Co .CH3 —  {p— NITROACETOPHENONE }

(11

(111}

NH.AC
{1V)

™

02M—©— CO. CHNH, HCL— ( w — AMING-~ p—NITROACETOPHENONE HYOROCHLORIDE

oyw@— CO.CHyAc — { ACETAMIDO FORM )
l
O, N €O, CH. CHyOM —— { HYDROXYMETHYL PROOUCT )

* Present address: Electtophysiology  Unit, Department of Physiology, University College of Scicace and

Technology, 92, Acharya Prafulla Chandra Road, Calcutta 700 009,



Current Science, January 3, 1881, Vol 50, No. |

15

NH2

(V)

OH

H NIH.COCH CL2

(V1)

OH M

It was our interest to study the effects of compounds
II, IIT and IV on the blood pressure of anaesthetized
cats and on different smooth muscles of animals in
order to find structure-activity relationship, if any,
of chloramb>henicol and its intermediates.

MATERIALS AND METHODS

Isolated smooth muscle experiments were undet-
taken with the guinea pig ileum®, guinea pig tracheal
chaint, rabbit leium* and rabbit jejunum, preparations
which were set up according to the standard proce-
dures. The exberimental designs with these smooth
muscles had been the same as described earlier!.

Adultcats of eithersex, 2- 5t0 4 kg, were anaesthetized
with phenobarbital sodium, 150 mg/kg intramusculary.
Standard pha.rmacologicé.l methods® were used for the
cat syinal prejaration and blood pressure recordings,

The compounds Xf, Il and 1V, dissolved in isotonic
sodium chloride solution, were added to the organ
bath fluid in smooth muscle experiments and injected
through femoral vein in cat blood pressure experi-
menis as described earlier?,

RESULTS

Smooth Muscle Effects of Compounds II, HI and IV

Smooth muscle response with the above compounds
were observed in guinea pig ileum, guinea pig trachea,
rabbit 1leum and rabbit jejunum preparations. For
guinea pig ileum experiments (3 experiments for each
compound) the agonists used were acelylcholine and
histamine, Significant alteration in the height of the
contraztion of guineaz pig ileum against both the
agoiists became evident only after a relatively high
co1zentration of the compounds (80 pg/ml bath fluid).
[n:remental increases in congentrations of compounds
(8)-610 xkg/ml  bath fluid) produced progressive
re fustions in the height of contraction by the guinca
pig ileum (Figs. 1 and 2).

[n rabbit ileum exderiments (3 experiments for
each comjdound) the minimum concentration of the
comyounds required to inhibit the fiequency and
arnplitude  of spontaneowsly  occurring thythmic

penduldar contraction was ¢-25 mg/ml of tath fluid.

Curr Sci—4

—rs, . sk

H
|
O,N T—-:l:— CH,OH — { 2~ AMINO -1~ p— NITROPHENYL PROPANE, 1,3-Di0L )
H
I
0,N C~ C— CHy0H — ( CHLORAMPHENICOL )
|

?

@ & & &
80 160 320 640 mecg./mi.
RATH FLUD

Fic. 1. Isolated guinea pig Liuem:; Representative
record of an ex»eriment showing progressive reduction
of acetylcholine responses {0+ 6pg/ml; time of contact —
45 seconds) by incremental increases in concentrations
of compound 31 (80-640 ng/ml) added 1 minute tefore
asetylcholine administration, Drum sreed: 5 mm/min.

® & ¢ &

80 160 320 640 mecg/m!

BATH FLUID
Fio, 2. [yolated guinea pigileum ; Representative
record of an experiment showing progeessive reduction
of histamine responses (9-003 pe/mi) time of contact—
30 seconds) by incremental increases in concentrations
of compound HE {(80-640pg/ml) added 1 minute be-
fore histamine adnyinistraton. Drum speed: $ pun‘mis,
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(ncremantal tocreases in the couacentrations of com-
pounds from 0-25 mg-4-0mg/ml bath fluid induced
a dose-deyendent reduction in the frequency of spon-
taneous coatractions. Usually, 3t was observed that
at conceatrations ahove 2 mg/ml bath fluid, the ileum
hecame paralyzed which could be restored only after
rereated washings (Fig. 3). It was further observed
that the contractile force and frequency of contraction
of rahbit jejunum predarations (3 experiments for
each comaound) increased by pretreatment with
azetylchloine {0-01 and 0-02pg/ml bath fluid) couid
be reduced by the addition of the compounds (% or
.4 mg/ml bath) indicating that the compounds could
interfere . with either drug-induced or spontaneously
ozcurring contraction.

In :iinea pig tracheal chain evperiments {3 eaperi-
mants for each comdound) the agonists used were
histanine and acetylcholine. The minimum amount
of the compound required to produce relaxation
was 0-5 mg/ml of bath fluid. Incremental increases
in the coaseritrations of the compounds (0° 5-4 mgjml
bath flnid) produced dose-dependent reduction in the
hzight of azetylcholine or histamine-induced sustained
coatraztions. The behaviour of these compounds
was much like that of an antihistaminic or an acefyl-

choline-blocker drug {Fiz. 4).
Cardio-vascular Response to Compounds II and Il

In ewpariments with cats, intravenous injection of
the comounds (20 mgfkg) produced a biphasic effect
on mez2an arterial blood pressure. An 1nitial vaso-
d=oressor effect which lasted for 5-10 minutes was
followed by a secondary pressure response (Figs. S
and 6). Roeeated intcavenous administration of these
comaounds showed no evidence of tachyphylaxis or

Fig. 3. [solated rabbit flenm ; RepresSentative
record of an experiment showing progeessive inhi-
bition of normal pendular contractions with incre-
mental increases in coacentrations of Comonnd IV
0-25~4 mg/ml). At concentrations above 2 mg/ml
of componnd IV the ileum was found paralyzed.
Norm3z! rhythm could be restored afier repeated
washings. Drum speed : 5 mm/min.

anaphylaxis, le., the vascular response neither decreased
nor increased.

L ]
4 Omg /mi
B4TH FLUOID

Fic, 4. Isolated guinea pig trachea : Represen-
tative fecord of an eXperiment showing progressive
reduction of acetylcholine response (4 pg/ml: time
of contact—] min. 30 sec.) by incremental increase in
concentrations of compound 1 {9-5-4 mg/ml) added
2 minutes befote acetylcholine administration. Drum
speed 5 3 mum/min.
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FIG. §. RepTesentaiive record of an eXperiment
showing the effects of compound 11 on anaesthetized

cat’'s blood pressufe. The vasodepressor tesponse
(a) was followed by vasopressor response (4). A test
dose of adrenaline 4 ug/kg) was totally blocked after
5 hour of phentolamine hydrochloride administration
(> mg/kg iv.) which eventually could not modify the
vasodepressor response (a), but checked the vaso-

pressor yvesponse (b} completely.

FiG, 6, Representative record of an eXperiment
showing the potentiation of vasopressor response to
a test dose of adrenaline (4 pgfkg) after 30 minutes
of administration of compound IIl (20 mg/kg) on
anaesthetized cat’s blood pressure.
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Vasodepressor Response to II and 1]

To d:termine if the vasodspressor response to the
compounds was due to the release of endogenous hista-
mine, a satisfa:tory histamine block was produced
by the intravenous injection of antazoline methane-
sulphate, 4 m3/kg for 2J minutes?., The intravenous
injestion of the compounds produced a vasodepressor
respoase 1n all aatmals that was identical in pattern
and degree to the pre-block control response except
i case of compound Il the vasodspression was signi-
ficantly potentiated (P << 0-05; Table I). To deter-
mine if the vasodspressor response to the comnounds
was due to direct stimalation of g-adrenergic receptors,
complete B-receptor block was produced by Prooranolol
hydrozhloride, 0-3mg/kg for 20-30 minutes?, Intra-
venous injection of the compounds produced a vaso-
dapressor resyonse similar to the pre-Plock control
respoase (Table [). To dztermine if the componuds
produzed vasodsoressor response by elaboration of
m:1liator azetylcholine, they were administered after
proiu:ing azetyicholine block with atrodine sulphate,
1 ma/kg intravenously for 45 minutes®. The vaso-
desressor resyonse in all animals was identical in
pattern and degree to the pre-block control response

E_I".:i"- L5 P 1 . P F_!',:l!-.q [l B "+ — i g yea -

(Table I). To determine if the compounds produced
vasodepression through stimulation of a-adrenergic
receptors, they were injected after producing a-recer tor
blockade with phentolamine hydrochloride, 5 my/kg
for 1 hour?, The vasodepression otserved wag similar
in all respects to pre-block control response with the
compounds (Fig. 5). Elimination of effect of bigher
centres by spinal transection or of vagal stimulation
by bilateral vagotomy could not modify the vaso-
depression effect of both the compounds.

Vasopressor Response to Il and II]

The vasodepression produced by the compounds
was followed by a compensatory overshooting rise of
blood pressure much higher than the tasal tlood
pressure (Figs. 5 and 6). The response persisted after
spinal trausection or bilateral vagotomy. After
g-receptor block with pentolamine, 5 mglkg? for 1 hr,
the compounds behaved differently. The after rise
of blood pressure was slightly diminished by IIT (the
change was not statistically significant) and completely
checked by II (Fig. 5, Table II). After B-recertor
blockae with progronolol, 0-:3 mg/kg® for 20-30
minutes the vasopressor effect of IIL was checked
but that of Il was enhanced (p < 0:05; Table 1I).

TABLE [

Vasodepressor actions of @-amino-p-mitroacetophenone hydrochloride (11} and w-acetamido-p-nitrophenone (1)
in anaesthetized cats . effect of pre-treatment with blocking agents

W

Per cent reduction in blood pressure

in mm Hg
Blocking agents administered intravenously et e e b ety e et
h Before After
administration of administration
blocker of blocher
Compound II
(20 mg/ke,i.v.)
{. Antazoline methanesulphate 45 + 2 55 1 4
(4 mg/kg for 1 hr)
2. Atropine sulphbate (1 mg/kg for 45 min.) 37 4.7 42 4 6
3. Propranolol hydrochloride 33 L 4 44 L 6
(0°3 mg/kg for 20-30 min.)
4. Phentolamine hydrochloride 15 4.1 2349
(5 mg/k8 for 1 hr)
Compound 1II
(20 mg/kg,i.v.)
1. Antazoline methanesulphate 35 4+ 8 47 4§
(4 mg/kg for 1 hr)
2. Atropine sulphate (1 mg/kg for 45 min.) 26 + 3 36 & 9
3. Propranolol hydrochloride 42 4- § 15 4 4
(03 mg/kg for 20-30 min.)
1. Phentolamine hydrochloride (5 mg/kg for 1 hr) 48 410 s+ 5

Values are mean of observations from 5 cats
* P << D085,

__‘_mmmmmm
£ S.BE. The mean contro] pressure was 94 -+ 8 mm He.
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Vavaaressa= vespatives of @ aming-p-nitieacerophenone hydiochloride ({f) and w-aceramido-p-nircophenone (111)
in anaesrhetized cays

R iali e il el W

Per centrise in P values
Drug/Blocker vsed blood pressure compared {0
after various réspective
treatments controls
IT, 20 mz'ka, i.v. No blagker (control) 21 & 4
+ pre-treatment with phentolamine hydrchloride 0
(3 mglkg) for 1 hr
+ pra~treatment with propranolol hydrochloride 34 L 4 < 0-05
(0-3 mg/kg) for 20-30 min,
L, 20 mg'kg, i.v. No blocker (control) 19 4: 7
-+ pre-treatment with phentolamine hydrochloride 12L6
(5 mg/kg) for 1 hr
+ pre-treatment with propranolol hydrochloride 0
(0 3 mglkg) for 20-30 min,
Adrenaline, 4 ug/kg, i.v.  No blocker (control) 54 £ 2
T e ., 4 pre-treatment for 1 hr with II {20 mg/kg) 81 + 3 < 0-001
v 23 + pre-treatment for 1 br with T11 {20 mgfkg) 99 L 2 < {001

Yalues are mean of observaiions from 5 cats + S.E.

— A—

The mean control blood pressure was 92 + 1 mm Hg.

Ai-aualine inyssted iatrasenocusly in cats pre-treated
with [l and IT{ produzed a potentiated vasopressor
respoase in comParison with the control adrenaline-
induced vasopressor response (Fiz. 6; Table JI).
H>w~zver, on répeated administration of compound
[[ at iatarvals of 30 minutes tachyphylaxis develobed
for thz s=coadary vasopressor response, FPer cent rise
in blood pressure was 103 £ 9 (first dose), 76 4 7
{seccond dose), 8 £ 2 (third dose) and O (fourth dose).
The values are mean of observations from S cats
standard errox.

Compound IV

Unlike the compounds I{ and ITI, the compound
1Y did not show any appreciable vasodepression or
secondary wvasopressor respofse.

*

IDISCUSSION

The results of the smooth muscles experiments
¢learly indicated that the compounds not only inhi-
bited the autogencous confractile mechanism (Fig. 3)
but were also astive when the contractile drive was
mangified by use of agonist. The degree of inkibition
was related to the concentrations of the comounds
in the bath, The action could be reversed by removing
the comPounds by washing the organ preparation in
all the experiments pecformed. The tesults point t©
a possible involvement of a direct non-specific relaxing
efiect of these compounds,

The persistent kypotensive effect of compounds I
and [Il after intravenous injection could not be inhi-
bited by mediator blocking agents!ike antazoline methane
sulphate, atropine sulphate, propranolol hydrochloride
and phentalamine hydrochloride (Table I). This was
sugestive of direct action of the compounds on vascular
smooth mauscle which led to vasodepression.

The compensatory rise of blood presswre after
transient vasodepression observed after injection of
compounds II and III could be prevented by d-receptor
block (compound II, Fig. 5) and gf-receptor block
(compound Iff). Adrenaline induced Vasopressor
response was potentiated by these compounds (Table 11,
Fig. 6). These vascular effects were not medjated
through some compensatory reflex mechanism because
brlateral vagotomy and spinal tramsection failed 1o
alter th® vascular response. The comound I[ acted
as a substrate for monocamine oxidase like adrenaline
and nor-adrenaline and che ¢Ompound Il inhibited
rat liver mitochondrial monoamine oxidase®. The
phenomenon of tachyphylaxis also was observed for
the vasopressor effect of compound [I after repeated
admuaistration. All these evenits indicated that the
secondary rise of blood pressure was a sympatho-
mimetic eftect., The vascular effects of compound 1T
were similar to the vascular effects of chloramphenicol
and 1ts hydrolytic product®. All the three compounds
showed monoamine oxtdase inhibitor properties®.
The compouand 1V although had smooth muscle relarant
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properties and inhibited rat liver mitochondrial mono-
amine oxidase® did not show any appreciable cardio-
vascular effect. The cardiovascular effects of coni-
pounds II, Ill, V and VI had been, howWever, similar.
It is, therefore, difficult to explain in structure-activity
relationship of chloramohenicol and its intermediates.
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INDUCED APOGAMY IN ADIANTUM TRAPEZIFORME L.

M. A. PADHYA anp A. R. MEHTA
Department of Botany, The M.S. University of Baroda, Baroda

ABSTRACT

In virro grown prothalliof Adiantum trapeziforme L., were subjected to various sucrose concen-
trations. Gametophytic callus initiated from the prothalli produced apogamous shoots in the
preséace of sucrose. The results odtained showed, that exogenous supply of sugar especially
sucrose, plays a key role in generating apogamous response.

INTRODUCTION

NDUCED avogamy has proved to be of great
interest because it does not appear to involve
any specific genetic change and its occurrence can to a
degree at least be brought about under eXperimental
control. From in virro studies, the factor responsible
for the induction of apogamy appears to be a high
level of carbohydrate (Bopp!), as also undoubtedly is
the prevention of fertilization because of unsuitable
chysical or physiological environment (Nair and Xaur?),

The present investigation deals with morphological
changes that occurred in the Adiamum prothalli when
subjected to various sucrose levels, Mor’eovcr, the
morphogenic polentiality of the gametophytic callus
was also eXamined.

MATERIALS AND METHODS

Mature spores of Adiuntum trapeziforme L. were
collected. The s>ores were sierilized with 57 sodium
hysoszhlorite for § minutes. The sterilized spore
suspension was inoculated on slants of Knudson’s

sdium, as modified by Steeves esal®. Cultures
were incubated at 25 4 2°C in continuous light in a

culture rooni,

RESULTS

Effect of sucrose concentration on prothalli

Four week old prothalli were inoculated on
Knudson’s medium containine 154, 2% and 4% sucrose
respectively, Few prothalli were inoculated on
Knudson’s basal medium (sucrose free). After 4
weeks incubation, prothalli grown on 4% sucrose
medium became quite thick and developed profuse
hair (Fig. 1). The formation of hair and the prothall;
becoming quite thick had been observed to be the
external indication in apogamous shoot formation,
On further incubation, well developed shoots were
osserved from these prothalli (Fig. 2). By this time,
there was no apogamous response from prothalls
grown in media containing low Sucrose congentration
(2%, and 1%). Prothallj grown on basal medium
remained quite thin.

Initiation of callus on prothalli

Knudson’s medium containing 2%. sucrose, 109
coronut milk and supplemented with [0 mg/l and
2.0 mg/l 2,4-D were inoculated with 2, 4, 6 and 8
weeks old prothalli. After 4 weeks incubation 6 and
8 weeks old prothalli grown on medium containing
2o sucrose, 1094 coconut wilk and 20 mg/l 24-D
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