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ABSTRACT

Following our previous investigations on certain new aminoalkyl aryl ethers,
which showed promising and outstanding local anaesthetic properties, the local
anaesthetic activity and duration of action of a further selection of four novel
derivatives of the above-mentioned series, used as hydrochloride salts, have been
determined by the in vivo rat sciatic nerve test. These are: V,N-dimethyl-2-(2,6-di-
tert-butylphenoxy)ethylamine; N, N-dimethyl-2-(4-butoxyphenoxy) ethylamine;
N, N-dimethy!-2-(2,6-di-sec-butylphenoxy)ethylamine; and N, N-diethyl-2-(4-sec-
butylphenoxy)ethylamine. Thetestshave been performed by adouble blind, controlled
trial (at the later stage) and in two stages. Bupivacaine hydrochloride has been
employed as the standard and normal saline as the control. The complete loss of
motor function of the injected limb of the animal is considered as a positive response,
which is assessed by observing the animal gait and ability to climb up a sloping wire
mesh. The test compounds have exhibited shorter duration of motor paralysis than
that of the standard and comparable rates of both onset of action, and recovery time
from full analgesia. They also have shown neither apparent systemic nor local side
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effects such as edema, swelling, induration, ulceration, necrosis, or irritation.
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INTRODUCTION

Although many reliable local anaesthetics are available,
anaesthetists who use nerve blocks for pain relief and other
therapeutic purposes would welcome a non-necrotizing
local anaesthetic compound or preparation, which would
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provide a block lasting days or weeks."* The characteristics
of such a product include: complete reversibility of action,
freedom from local and systemic side effects, high potency,
reasonably rapid onset of action, complete and quick
recovery from anaesthesia, effeciveness topically as well
as by injection, minimal systemic toxicity and high
therapeutic index,ready metabolismandexcretion, stability
during storage and sterilization, high reproducibility, and
an appropriate solubility that permits chemical assay.’*
Unfortunately, so far no safe drug or preparation hascome
into clinical use to control prolonged and severe pain.
Therefore, attention was focused on aminoalkylaryl ethers
as potential long-acting local anaesthetics for various
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reasons. Firstly, there are several reports in the literature of

a prolonged action arising from a variety of aminoalkyl
ether local anaesthetics.®” Secondly, both the ester and
amide (anilide) series have been extensively investigated
in a fuirly systematic manner.* Thirdly, the salts of these
ethers are all water soluble at the concentration required to
produce anaesthesia. The final factor which supported
investigation of a series of basic aminoalkyl aryl ethers
was therecognition of the wide diversity of such compounds
reported in the literature to exhibit localanaesthetic action,
yet no systematic detailed study of such compounds have
been reported.

Thus a large series of basic wninoalkyl aryl ethers (N,
N-dialkyl (mono-, di-, trisubstituted phenoxyethylamines)
were prepared?® and assessed as potential long-acting local
anaesthetics. These compounds displayed, in the guinea
pigintradermal whead test, excellent profiles ofanaesthesia
and were as good as or better than both of the standard
agents (lidocaine and bupivacaine) in terms of onset and
duration of action, time of recovery, and lack of untoward
side eftects.* Moreover, the promising and interesting
resultsofourpreviousinvestigations® on certainderivatives
of the above-mentioned series have encouraged us to
perform additional pharmacological studies to confirm
their intensity and duration of action.

Acoordingly, based on the results of both the guinea
pig intradermal wheal test (WT) and the rat sciatic nerve
block (RSNB),** four new compounds of the
aforementioned series® were chosen (Fig. 1) for further
studies on the rat sciatic nerve preparation én vivo. The
potency and duration of action were determined by a
double blind, controlled test (at the later stage), and in two
stages. Theresults of this investigation are reported in this
communication.

MATERIALS AND METHODS

1-Materials: Male or female rats of approximately
200-250 gm weight were used. Solutions ofthe testagents
(N, N-dimethyl-2- (2, 6-di-tert-butylphenoxy) ethylamine
(1A); N. N-dimethyl-2-(4-butoxyphenoxy)ethylamine
(2A);N,N-dimethyl-2-(2,6-di-sec-
butylphenoxy)ethylamine (3A); and N, N-diethyl-2- (4-
sec- butylphenoxy)ethylamine (4A), in the form of HCI-
salts,* 0.5 or 1% W/V in 0.9% W/V normal saline, were
freshly prepared. A small tuberculin syringe and a 26
gauge needle weree employed for injection. A sloping
wire mesh at an angle of 30 degrees to the horizontal was
used for assessing the duration of motor anaesthesia.

2-Method: Triplicate sets of three or duplicate sets of
six groups of two male or female rats were used. Each rat
received (1.2 ml injection of the anaesthetic solution into
the posterior aspect of the femur head. A positive effect

Table I. Results of duration of action of compound 1A
(min), using Y male and female rats

Expt. no. 1A(%) Bupivacaine (0.5%) Saline (0.9%)

1 1060 180 0
2 120 120 0
3 82 240 0
4 90 165 0
5 0 160 0
6 180 180 0
7 0 180 0
8 0 180 0
9 0 180 0
Mceanof 9 70.22 176.11
S.D. 62.09 3100
SxEs 20.70 10.33
Sample size 9 9
Mann Whitney U-Test results
T max. 126.00 az e
T min 45.00 = -
U 51.00 = -
U 6.00 == -
R2 120.00 = .
P <0.05 - =
Results Sigmf. -- =
1-Test resulls
t 3.39 — -
P <0.05 - s
Resull Signif. -= .

was shown by a complete loss of motor control of that limb.
This was determined by observing the animal movement
and ability toclimb up the sloping wire mesh. The duration
of local anaesthesia was gauged by the duration of full
motor paralysis tothe first sign of motor sensation. Animals
were observed at 5 min intervals for the first 30 min, at 10
min intervals over the following 2 h period, at 30 min
intervals for up to 10 h, and thereafter at 6-10 h intervals.?

RESULTS

The results are shown in Tables I, 11, and III.

DISCUSSION

Anappreciableanaestheticresponse wasobserved during
the preliminary stage which represented the pilot study. It
required six animalsand served toestablish the approximate
duration of motoranaesthesiaas well as demonstrating any
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Table II. Results of duration of action of compounds 1A, 2A, 3A, and 4A (min), at 0.5%

W/V concentration, using 12 male and female rats

Expt. no, 1A 2A 3A 4A Bupivacaine Saline (0.9%)
1 0 1800 10080 120 120 0
D 10080 0 1800 330 270 0
3 10080 1440 10080 0 1440 0
4 240 120 120 10080 240 0
S 240 0 80 240 240 0
6 60 0 420 420 420 0
7 330 0 0 480 360 0
8 S0 360 180) 90 360 0
9 60 60 0 0 300 0
1} 0 0 0 240 240 0
11 210 0] 210 180 ot i0) 0
I'2 ] 210 105 150 10 0
Mcan of 12 =1780 =315 =1925  =1028 =370 3-
S.b. =3880 =625 =384y  =2835 =350 --
S.E. =1120 =180 =1110 =824 =100 -

defects and/or errorsin the experimental systern as a whole.
Based upon the positive findings of this stage. the study
continued to the second stage on a double blind. controlled
trial. It required nine or 12 animals, where the precise
duration of motor paralysis was determined. As shown in
Table 1. the mean duration of action of compound 1A at 1%
W/V concentration was 70.22+62.09 min, while that of the
bupivacaine standard was 176.11+31.00 min. Statistical
analysis by the Mann-Whitney U test'™'" indicated that, at
5% significance level (probability<0.03), the difference in
duration of action between this compound and the control
(placebo) is very highly significant. This refers that there is
a genuine local anaesthetic activity and also the apparent
difference between the duration of action of compound 1A
andthestandardagentisreal and notaccidental. Comparable
results were obtained by the t-test analysis (Table 1),
However, the Mann-Whitney U test was preferred on
theoretical grounds. Moreover, statistical analysis
demonstrated that the nine rats had not been enough to
obtain a concrete conclusion. Thus, more animals are
required to draw a more reliable answer regarding the
duration of action of this compound in comparison to the
standard agent.

Therefore, the results obtained. so far. {rom this and
previous studies®* have warranted investigating other
derivatives of the above-mentioned series, but at 0.5% W/
V concentration, i.e. compounds 2A, 3A and 4 A together
with compound [A. In the second set of experiments 12
male and female rats were used. These compounds as well
as the standard agent all have also exhibited a widely
variable duration of motor anaesthesia (Table II). Once
more, the standard deviations were large in relation to the
values of means, indicating that results obtained from
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testing the compound on 12 male and female rats had not
beenadequate forstatistical validity. Thus,asin the previous
situation, more assays are required to obtain a valid answer
concerning the duration of anaesthesia of these agents in
comparison to the standard.

Many factors have been found to affect drug
metabolism,'** and generally, sex-dependent variation in
drug mcetabolism has been well documented in rats but not
in otherrodents. [thas been reported that young adultmale
rats metabolize several drugs at a much faster rate than
mature female rats or prepubertal male rats. These
dilferences ure also dependent on substrate, because some
xenobiotics are metaholized at the scunerate in both female
and male rats,"*'* Therefore, it is most probable that the
wide variation in the duration of motor anaesthesia of the
testcompounds and the standard agentcould be due to sex
differences in drug biotransformation, which, in turn, is
strongly dependent on the nature of the substance, and/or
to individual variations, i.e, the aminoalkyl aryl ether type
test agents are metabolized in a different pathway as well
as at a faster rate than that of the bupivacaine standard
anilide type local anaesthetic. At any rate, additional
studies are required to confirm these conclusions.

Accordingly. these compounds have been assayed
furtherononly 12 male rats (Table 1I), They have produced
more reproducibleresults and the difference in the duration
of action aunong them has been significantly less than that
observed in the previous sets of experiments. This gives an
additional support to our aforementioned conclusions
concerning the importance of sex differences as well as the
chemical natureof the substrate and theirprofound influence
on the duration of motor anaesthesia of these compounds.
The results reported by other workers are in agreement
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Table III. Results of duration of action of compounds 1A, 2A, 3A and 4A (min), at 0.5% W/V
concentration. using only male rats

Expt. no. 1A 24 3A 4A Bupivacaine | Saline (0.9%)
T 90 120 %0 180 120 0
5 80 120 80 180 180 0
3 100 90 100 150 270 0
4 100 60 0 120 150 0
5 60 0 60 120 150 0
6 120 80 240 0 150 0
7 60 210 60 0 360 0
8 100 70 i 180 0 180 0
9 80 60 0 150 120 0
10 0 90 110 150 240 0
11 120 0 120 240 360 0
12 60 110 70 0 180 0
Mean of 12| =81 5 =92 =95 =205
S.D. =33 =56 =67.8 =894 =84.7
S.E. =9.6 =16 =19.7 =258 =244
- 1-Test results
t 0.22 0.46 1.0 32
P <005 | <005 | <005 | <005
Result Signif. Signif. Signil. Signif.

with our findings.'>"

Inaddition, the duration of action of the standard agent
generally is longer than that of test compounds. This may
also be attributed to the vasoconstrictive effect of the
standard, leading to decreasing its rate of absorption into
systemic circulation and in turn,delaying the rate of the
standardagent metabolism. The vasoconstrictive property
of the bupivacaine standard is obviously less effective in
areas which are sparsely perfused with blood
capillaries. Thisis well noticed with theresults ofthe wheal
test,* where these compounds displayed longer duration of
full. reversible local anaesthesia (224 h) than that of the
standard agent (2 h). Conduction velocity and duration of
anaesthesia have been reported to be related to fibre
diameter.* Thus, the apparent difference between duration
of anaesthesia of these compounds using WT and RSNB
can be explained on the basis of variation of the nerve size.
The former anaesthetizes sensory nerves, which have
small diameter; while the latter blocks motor nerve fibres
of larger size.

In conclusion, since the action of the test agents is
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reversible, no apparent unwanted local side effects have
been observed, and good anaesthetic properties are
displayed, i.e. quick onset of action and short, complete
recovery from anesthesia, we feel that these criteria,
collectively, justily carrying outadditional pharmacological
studies on other types of animals and also other kinds of
nerve block tests as well as further toxicological
investigations on theseand other derivatives of the above-
mentioned series in order to verily these conclusions and to
determine their ultimate mechanism of action, safety and
effectiveness before taking any clinical decision and also to
select the outstanding compounds of this class of local
anaesthetics. Also, they may represent new, potential
candidates for the reliel of chronic and severe intractable
pain associated with uncountable clinical and pathological
cases.
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