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Abstract

Given the multitude of neuromodulators involved in the generation and transmission of pain, two therapeutic agents with
different action mechanisms (an antidepressant - doxepin and an angiotensin-AT1 receptor blocker - candesartan) have been
associated in this study. None of the substances is used exclusively as analgesic, but increasingly as adjuvants. The hot-plate
test at 52.5°C was used as a study method of the thermal stimulation nociception. For the analysis of the interaction, the
additive composite method was used. The study was performed on Swiss mice weighing 18 - 22 grams, which received oral
administration of the drugs, either single or combined work-ups. The data obtained demonstrated a synergic type interaction
(Zadd =7.74 £ 0.92, Zmix = 1.82 £ 0.36, pl = 0.931, p2 = 0.069, = 0.5, y = 0.282, T, = 6.20, T, = 3.79, F. = 15.30, F, = 5.14,
p < 0.001) between doxepin and candesartan. Both substances exhibited antinociceptive effects per se, and the fixed-ratio
combination proved to be synergistic.

Rezumat

Avand in vedere multitudinea de neuromediatori implicati in procesul de generare si transmitere a durerii, in studiul de fata
au fost asociate doud substante terapeutice cu mecanisme de actiune diferitd (un antidepresiv — doxepinul si un blocant de
receptori AT1 ai angiotensinei — candesartan). Nici una dintre substante nu este folosita in mod exclusiv ca analgezic, dar din
ce In ce mai mult ca si adjuvante. S-a folosit testul hot-plate, 1a 52,501, ca metoda de studiu a nociceptiei prin stimul termic.
Pentru analiza interactiunii s-a utilizat metoda dreptei aditive compuse. Studiul s-a realizat pe soareci Swiss in greutate de 18
- 22 g, care au primit pe cale orald secvente de doze din substantele de lucru singure si in asociere. Datele obtinute au
demonstrat o interactiune de tip sinergic (Zadd = 7,74 + 0,92, Zmix = 1,82 + 0,36, p1 = 0,931; p2 = 0,069, = 0,5, y = 0,282,
T. = 6,20, T, = 3,79, F. = 15,30, F, = 5,14, p < 0,001) intre doxepin si candsartan. Ambele substante au prezentat efecte
antinociceptive per se, iar asocierea in proportie fixa s-a dovedit a fi sinergica.

Keywords: candesartan, doxepin, synergism, pain, hot-plate test

Introduction gray matter, amygdala, nucleus accumbens and spinal
cord) [1, 4, 10]. Also, besides pain perception and
processing, a multitude of structures that are involved
in modulating sensory information, learning, memory,
stress, emotional and behavioural responses also exhibit
AT1 and AT2 receptors in variable amounts and
distribution [1, 14, 30]. It has long been known that
angiotensin II is a pro-oxidant and pro-inflammatory
mediator, as well as a cognitive function inhibitor,
therefore there are a multitude of studies that have
investigated the effect of converting enzyme inhibitors
and, more recently, of the AT1 receptor blockers
(ARBs) on the above-mentioned parameters [5, 26].
It has been shown that telmisartan reduces hyper-
algesia in neuropathic pain models [5], while the

Pain is an increasingly studied phenomenon, as
more and more types of pain are individualized, and
knowledge of pain mediation, transmission path-
ways, and perceptual mechanisms at the central and
peripheral level are developing. Classical analgesics
have not been abandoned, but lately other substances,
different from them, started being used either as
single agents or as adjuncts in the treatment of pain.
Cerebral angiotensin was identified as having a role
in pain perception many decades ago [9], and in the
years that followed the receptors for angiotensin
were identified in a multitude of brain structures
involved in nociception (such as the anterior cingulate
cortex, prefrontal cortex, thalamus, periaqueductal
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intrathecal administration of losartan reduces pain
in formalin pain models [16]. Candesartan was less
studied on pain models, and was therefore chosen as
a representative of its group of drugs for this study.
Doxepin is an antidepressant belonging to the family
of tri-cyclic antidepressants, which acts by inhibiting
noradrenaline and serotonin re-uptake at the pre-
synaptic end, thus increasing the effect of adrenergic
and central serotoninergic mediation [32]. There are
also described antihistaminic and anticholinergic
effects [31]. Its main indications are depression,
anxiety disorders, sleep disturbances and pruritus.
In the last decade, tricyclic antidepressants have
become an essential element in the treatment of
neuropathic pain, especially tertiary amines, which
include doxepin [23]. Interestingly, the effects on
the pain seem to be independent of the anti-depressant
ones and appear to be obtained at lower doses than
those used for the antidepressant therapy [25].
Unfortunately, although effective and stable, their
effects are complicated by a number of dangerous
side effects such as weight gain, orthostatic hypo-
tension, cardiovascular effects and potentially fatal
over dosage [11].

For these reasons, we have taken into study these
substances in order to identify their therapeutic
potential in analgesia and to see if their effects are
mutually reinforcing (synergistic).

Materials and Methods

Animals

In the present study, were used white Swiss mice,
provided by the “Cantacuzino” Institute, Bucharest,
Romania, male, weighing 20 - 25 g. Groups of 6 - 10
animals were housed in 25/35 c¢cm and respectively
30/40 cm Plexiglas cages in a room with controlled
temperature (21.00°C £ 2.00°C) and a light/dark
cycle (07.00 am/07.00 pm) of 12 hours. The animals
received standard food, and water ad libitum, and 10
days before the experiments were performed their
behaviour was observed. Three hours before each
test, access to food was stopped. All experiments were
performed beginning with 10.00 am.

Experimental model

The experimental protocols used in this study were
in strict conformity with the specific regulations
approved by UMF "Grigore T. Popa" lasi, Romania,
the international bioethical regulations (European
Communities Council Directive of 24 November
1986 86/609/EEC) and the regulations of the
International Association For the Study of Pain [33].
The investigated substances, alone or in combination,
were suspended in mucilage of sodium carboxymethyl
cellulose (0.1% CMC-Na). Their administration was
performed orally, using dose sequences in geometric
progression according to the study protocol. The
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following substances were administered in this study:
Doxepin (DOX) (Sigma) and Candesartan (CND).
For the nociceptive testing with thermal stimulus
we used the method of Woolfe and Mac Donald
modified by Eddy and Laborit [10], also adapted in
our laboratory. The test mouse was placed in the
cylindrical chamber of the hot plate (Model 7280
UGO Basile) on the heated surface at 52.5°C +
0.1°C. The pain latency period was measured, with
a 30 second cut-off. The response for testing the
pain threshold at the thermal stimulus consists in
licking and/or shaking the hind paw or the tendency
to jump in order to leave the enclosure. The animals
were tested for the thermal stimulus 45 minutes
before being treated, eliminating from the
experiment the animals that did not respond in 15 s.
After treatment, retesting was performed at 30, 60,
90, 120 minutes, and the latency period of the pain
reaction was measured.

Data analysis

Percentage inhibition of the response to the
nociceptive stimulus was expressed according to the
formula:

% inhibition = (Tx - T0)/(Tm - T0) x 100,

where TO - latency of the response measured prior to
administration of the study substance, Tx - latency
at different time intervals following administration
of the test substance, Tm - cut-off time.

The evaluation of the interaction type was made
using the method of the composite additive line
(gradual effects), comparing the experimentally-
obtained line with the composite additive line in a
variance analysis of the relationship log dose-effect
[28]. The obtained interaction index suggests the
interaction type. (y < 1 - synergism, y = 1 - addition,
v > 1 — sub-additivity (does not exclude antagonism)
[29].

Results and Discussion

The following working groups were used: DOXI,
DOX2, DOX3 which received doxepin 5.00 - 20.00
mg/kg b.w. orally, CND1, CND2, CND3 which
received candesartan 0.50 - 2.00 mg/kg b.w. orally,
and DOX - CND 1 - 4 groups receiving candesartan
doxepin 0.96 - 7.74 mg/kg b.w. orally. Doses were
administered in geometric progression with a ratio
of 2.

This administration algorithm is required to establish
the 50% effective doses (EDsp) value of the investigated
substances on the thermal stimulation nociception
model. The obtained values (Table I) allow the
determination of proportions in binary combinations,
the determination of the Zadd value (Table II) of
each combination and the generation of the regression
lines.
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Table I
Values of EDs in mg/kg b.w. of studied substance, administered alone, for the hot plate test
Doxepin2 Candesartan’
EDs, (SEM)' 14.55 (4.13) 1.07 (0.23)
mg/kg b.w./orally (Y = -4.55 + 46.90*X) (Y = 47.97 + 65.72%X)
R=0.923 R=0.935

'SEM (standard error of the average); *Value obtained by the exposure to thermal stimulation 60 minutes after the
administration of the substance; *Value obtained by exposure to thermal stimulation 90 minutes after the administration of the substance

Table 11
Values of Zadd and Zmix of the drugs administrated in fixed-ratio combinations for the hot-plate test
Combination Total dose Maximal possible effect DEs, combination (SEM)
(ratios) mg/kg b.w./orally (MPE)! % mg/kg b.w./orally
Zadd Zmix
(SEM) (SEM)
Doxepin/Candesartan 7.74 63.24 7.74 (0.92) 2.13 (0,36)
(0.931/0.069) 3.87 57.37 Y =1.24+54.83*X | Y=41.19+26.68*X
1.93 52.92 R=0.936 R =0.959
0.96 37.94
y=0.282
52.86 % antinociception (inhibition)

"Value obtained by the exposure to thermal stimulation 60 minutes after the administration of the substance, *Synergism

From the data analysis, the values were set: DE5, =
14.55 + 4.13 mg/kg b.w. for doxepin, DEsy = 1.07 £
0.23 mg/kg b.w. for candesartan, proportions of the
two substances in combination (f= 0.5, pl = 0.069)
yielded a Zadd value = 7.74 + 0.92 mg/kg b.w., and
a Zmix value = 2.13 £ 0.361 mg/kg b.w., y = 0.282.
Our results showed a synergistic interaction of the
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candesartan - doxepin combination demonstrated
by the left - hand shift of the regression line of the
association of the two substances compared to the
additive line for the dose sequence and their
proportion (Figure 1). The maximum effect was
obtained 60 minutes after treatment and was
maintained for 90 minutes.
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Figure 1.
Analysis of the regression lines of fixed-ratio combination between candesartan and doxepin

The statistical parameters of the regression analysis
revealed the significance of these results (F, =
15.30, F,=5.14,t. = 6.29, t, = 3.79).

The experimental results have demonstrated a range
of analgesic activity for both drugs (demonstrated
by the existence of EDs, for each of them), but the
subsequent testing has shown that the effect of the
combination of these drugs is greater than the effect
mathematically calculated from the dose sequences
which demonstrated the synergy. These results may
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undergo additional pharmacodynamic mechanisms
linking the action mechanisms of these drugs.

AT1 receptors are present on the nociceptive cells of
the dorsal spinal nerve root ganglion (DRG) and are
involved in the perception of pain [20]. Following
the sciatic nerve ligation, the AT1 receptor was
overexpressed against the control in 43% of the
small neurons and 62% of the large neurons of the
DRG. The total increase in ATI-immunoreactive
neurons was 38% after 7 days of ligation. All these
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results demonstrate that angiotensin II is involved in
the pathological mechanisms of pain perception [19].
The ventrolateral caudal medulla is one of the structures
that modulate pain perception, and there are significant
percentages of immunoreactivity neurons for ATI
that are projected into the posterior horn. Angiotensin
II administration produced hyperalgesia in both tail-
flick and formalin tests, hyperalgesia significantly
attenuated by concomitant systemic or local
administration of losartan [15]. On the other hand,
other studies have shown that the use of losartan
reverses the circadian rhythm of pain perception,
increasing the perception of pain in the nocturnal
period (3 am) and reducing it during the diurnal
period [21]. On a neuropathic pain model induced
with streptozotocin, Ogata et al. [18] have demonstrated
that tactile allodynia is inhibited by the intrathecal
administration of losartan, but not by PD123319
(AT2-specific blocker), which demonstrates the
exclusive involvement, at least at the spinal-
medullar level, of the AT1 receptors.

As a practical consideration, the doses of candesartan
used in the study were inferior to the antihypertensive
ones [3, 17].

With regard to doxepin, a series of isolated results
demonstrate that it has interesting and yet unexplained
effects, such as analgesia in local applications [2, 6, 27].
The presented studies investigated the effect of doxepin
and N-methyl-doxepin compared to bupivacaine,
and also their effects as Na' channel blockers on a
voltage-clamp model. The study demonstrated that
doxepin is a Na' channel blocker, stronger than
bupivacaine. These effects could be responsible for
beneficial anti-pruritic actions, post-herpetic neuralgia,
or radiation radiotherapy [7, 13, 24].

Secondly, their central effects are the inhibition of
noradrenaline and serotonin reuptake, and its active
metabolite is desmethyl-doxepin (nordoxepin). An
isolated report also shows the inhibitory effects of
doxepin on the neuronal Na'/K" ATP-ase in the
foetal and adult brain [22]. This phenomenon could
have effects of reducing the neuronal membrane
resting potential, with yet undetermined effects on the
neuronal reactivity. In addition, some authors have
proposed anti-inflammatory effects [8], especially by
reducing the release of proinflammatory cytokines,
such as IL-1pB, IL6, TNF-a and IFN-y [12].

Conclusions

In conclusion, the synergistic effects on the
thermoalgic perception of the co-administration of
candesartan as a blocker of the AT1 receptor and
doxepin as a drug with multiple peripheral and
central neuronal effects could be explained by the
following assumptions: i) the pro-algesic effect of
angiotensin II is known in the gastropyloric receptor
(GRP) neurons, ascending medullary pathways, and
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in the ventromedial medullary propagation for the
pain sensations. Blockage of angiotensin receptors at
these levels by the oral administration of candesartan
produces a reduction in pain perception and explains
the prolongation of hot-plate response times; ii) the
local anaesthetic effect of doxepin (by blocking the
Na® channels), mentioned above, can reduce the
intensity of perception in the Na" channels from the
free nerve endings and the thermal receptors, which
adds to the demonstrated analgesic effect; iii) the
central effects at the level of serotoninergic and
adrenergic mediation may also be responsible for
reducing the perceptual and emotional impact of
painful stimulation with the increase of the analgesic
effect.

In addition, a variety of other effects can be added,
such as variations in the neuronal membrane
polarization and release of doxepin-inducing
neuropathic inflammatory mediators, which could
explain the synergism of the combination.
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