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Abstract 

Topical analgesics currently available still have efficacy, local tolerability and price issues. The aim of this study was to 
assess the efficacy of a new lidocaine-based spray (CX001) on experimental pain.Safety was assessed by histology 
examination of skin and liver tissue of CX001-treated mice. The effect of CX001 on nociceptive and inflammatory pain was 
assessed by periodic evaluation of the rat’s response to thermal and mechanical stimuli and compared with EMLA© 
(reference topical analgesic).CX001-treated mice had no significant skin or liver modification. CX001’s analgesic effect was 
superior to EMLA© in terms of response to mechanical stimuli in both the nociceptive and inflammatory pain model. The two 
drugs had similar effects in terms of thermal stimuli. Our lidocaine-based innovative formula represents a novel platform for 
acquiring topical analgesia. CX001 is safe and more effective than the reference cream for mechanically-induced nociceptive and 
inflammatory pain. 
 
Rezumat 

Analgezicele topice au în continuare probleme de eficacitate, tolerabilitate locală și preț. Scopul studiului este de a evalua 
eficacitatea unei formule noi bazate pe lidocaină (CX001) în durerea experimentală. Analiza histologică a pielii și țesutului 
hepatic a fost realizată pentru determinarea siguranței noului compus. CX001 a fost comparat cu EMLA© (analgezic topic de 
referință), din punct de vedere al efectului asupra durerii nociceptive și inflamatorii prin cuantificarea răspunsului șobolanilor 
la stimuli termici și mecanici. Nu s-au observat modificări cutanate sau hepatice la analiza microscopică. Efectul CX001 a 
fost superior comparativ cu EMLA© din punct de vedere al răspunsului la stimuli mecanici atât pentru durerea nociceptivă cât și 
pentru cea inflamatorie. Răspunsul la stimuli termici a fost similar. Produsul testat aduce îmbunătățiri semnificative în 
administrarea analgezicelor topice. CX001 este sigur și mai eficient decât produsul de referință pentru durerea indusă de 
stimuli mecanici. 
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Introduction 

Pain remains a significant public health concern 
with a personal and socio-economic impact that is 
comparable to the one cardiovascular disease and 
cancer have [8, 19, 33]. Also, pain alters the quality 

of life, preventing from leading an independent 
lifestyle, affecting negatively their family, friends 
and co-workers [3].  
Along with physical and emotional influence on 
patients [1], pain also has a major economic impact, 
which is either indirect (inability to work) or direct 
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(treatment-related costs). In the U.S. alone, the 
public expenditures for pain related problems 
ranges between $560 and $635 billion annually, an 
amount that equals to about $2,000 per person 
living in the U.S. Also, the total annual costs for 
pain management are greater than the costs 
implicated in the management of heart disease 
($309 billion), cancer ($243 billion), and diabetes 
($188 billion) [18]. Health practitioners should be 
trained to correctly administer drugs by 
harmonization of therapeutics and pharmacology 
education for a better outcome and compliance in 
pain therapy [9, 10].   
As some parts of the world are struggling with the 
continuous increase in opioids use [5], new 
solutions in acute and chronic pain management are 
required. Globally, there is an increase in the 
number of elderly patients with several 
comorbidities requiring several types of drugs and 
thus complex management, which leads to 
polypragmasia and polypharmacy [12, 38]. As 
such, topical analgesics have become a very 
attractive solution for managing different painful 
conditions. Topical formulations have local skin 
delivery, exerting their effects close to the site of 
application, with a desirable minor systemic uptake 
and distribution. By using the topical route, the 
pharmacokinetics of degradable compounds is 
improved and the frequency of side effects is 
diminished [35]. Additionally, these drugs are easy 
to use and monitor, a trait that makes this drug 
delivery system ideal for certain populations such 
as the elderly or very young [4]. 
Currently available topical analgesics contain non-
steroidal anti-inflammatory drugs (NSAIDs) [15], 
lidocaine, capsaicin, amitriptyline, glyceryl 
trinitrate, opioids, menthol, pimecrolimus or 
phenytoin. All have indications in several types of 
acute or chronic pain [6]. Lidocaine has been used 
as the main analgesic in several topical products, 
based on different formulations, different 
concentrations and various co-analgesics. Topical 
lidocaine-based commercially available analgesics 
are presented as patch [28] or cream [41] and 
literature data indicate that they alleviate several 
types of acute and chronic pain. However, not all 
clinical studies agree that current lidocaine 
formulations are effective. Hashmi et al found that 
there was no difference between the lidocaine patch 
and placebo regarding pain reduction in a clinical 
trial that used both clinical and imaging 
assessments of pain [23]. Other studies found that 
topical lidocaine/prilocaine cream has no effect on 
post-operative pain in women undergoing caesarean 
section [20] or concluded that there is no significant 
difference between a lidocaine/prilocaine mixture 
and applying local pressure over pain intensity after 
dental injection [29].  

Additionally, the response rate for topical applied 
lidocaine varies greatly throughout studies, types of 
pain and anatomical site of application, suggesting 
that although lidocaine is an effective topical 
analgesic, its formulation still needs improvement.  
Topical administration of a drug remains a 
challenge in pharmaceutics [32] because of the 
difficulties encountered in adjusting the dose to 
skin penetration by determining and reproducing 
the exact amount of drug needed for reaching the 
skin layers at the desired depth [16, 34]. Moreover, 
since individual drugs have different degrees of 
penetration, a good formulation is crucial for 
optimal skin penetration [30]. 
One other issue specific to low- and middle-income 
countries is the price and availability of topical 
analgesics [14]. Most of the existing products are 
relatively expensive, which is a very important 
issue if we take into account that the ones that need 
these drugs (the elderly and/or the ones with several 
different comorbidities) are the ones than cannot 
afford it [2]. As such, less expensive products, 
manufactured locally, are very desirable.  
The aim of this study was to assess the efficacy of 
an innovative lidocaine-based spray on nociceptive 
and inflammatory experimental pain. 
 
Materials and Methods 

Animals 
Adult Balb/c mice (25 ± 2g) were purchased from 
the Animal Source Unit, Bucharest and were used 
for toxicity assessment. Adult male Wistar rats (180 
- 200 g) were purchased from the Animal Source 
Unit, Bucharest and were used for efficacy 
assessment. All animals were housed at 21 ± 2°C 
under a 12-h light/dark cycle with access to food 
and water ad libitum. Prior to each experiment, 
animals were habituated to the testing room and the 
equipment for five consecutive days. The number 
of animals and intensities of noxious stimuli used 
were the minimum necessary to demonstrate the 
consistent effects of the drug treatments. 
Ethics statement 
The study was conducted in accordance with the 
2010/63/EU directive and followed the 
recommendations of the NIH Guide for the Care 
and the Use of Laboratory Animals. Prior to the 
beginning of the study, the protocol received the 
ethical approval from the ethics committee of the 
University of Medicine and Pharmacy “Gr. T. 
Popa”, Iaşi. 
Drugs 
The following drugs were used in the experiment: 
CX001 was synthesized by “Petru Poni” Institute 
and AB Pharm Romania. The formula was 
delivered as a powder and diluted in saline solution 
in order to create a spray that was applied by means 



FARMACIA, 2019, Vol. 67, 1 

 119 

of a commercially-available disperser. CX001 is a 
matrix-like compound that contains a mixture of 
innovative polymers and lidocaine. The manner in 
which lidocaine is included in this compound 
significantly influences the skin-compound 
interaction and enhances topical drug diffusion. 
CX001 aims to surpass the existing topical 
lidocaine-based analgesics by increasing lidocaine 
solubility and skin permeability, improving target 
control and decreasing side-effects and toxicity.  
EMLA© cream (lidocaine 2.5% and prilocaine 
2.5%) (Astra Zeneca) was purchased and used as a 
reference drug for the efficacy of CX001. 
λ-carrageenan (CG) diluted in fresh saline solution 
(Sigma- Adrich Germany) was administered 
subcutaneously in order to produce the model of 
inflammation. 
Tests 
The Hot Plate (HP) test was performed according 
to the method described by Woolfe and MacDonald 
with some minor modifications [37]. The rats were 
individually placed on a hot plate maintained at 
55°C (± 0.1°C) (Hot Plate Ugo Basile, DS 37, Italy) 
and the time elapsed before the first sign of 
discomfort (licking, shaking of hind paws or 
jumping off the surface) was measured - paw 
withdrawal latency (PWL). Cut-off time was set at 
12s to prevent tissue damage. 
The Cold Plate (CP) test was performed according 
to the method described by Wal et al with some 
minor modifications [39]. Briefly, the animals are 
placed on a 5°C thermostatically-maintained plate 
(Ugo Basile Cold Plate 35100) and the discomfort-
related behaviour in five minutes is quantified. The 
results were expressed as the number of movements 
per 300 seconds.  
The Randall-Selitto Method was used for assessing 
the response to mechanical stimuli. The Analgesy-
Meter (7200; Ugo Basile, Italy) progressively 
applies a force that increases by 16 grams/second; 
the animal's paw is placed on a small plinth under a 
cone-shaped pusher with a rounded tip. Paw 
withdrawal occurs when the pressure becomes 
painful for the animal. The time elapsed until 
withdrawal was recorded [25].Cut-off time was set 
at 320 g (20 seconds). 
Carrageenan-induced inflammation 
For assessing the effect of the novel topical 
analgesic on inflammatory pain, 100 µL of 1% λ-
carrageenan were subcutaneously administered in 
the ventral aspect of the right hind paw of rats [41]. 
After injection, the animals were immediately 
placed in acrylic boxes for observation. The local 
inflammatory status was monitored by periodic 
comparison of the two paws (with and without λ-
carrageenan). Inflammation was considered at its 
peak approximately two hours and forty minutes 
after injection. 

Study design 
Safety assessment 
Adult male BALB/c mice (25 ± 2g) were divided 
into six groups (n = 6/group). Three of the groups 
received topical administration of EMLA©, CX or 
saline solution on the right hind paw. The other 
three groups first received a subcutaneous injection 
of λ-carrageenan into the right hind paw and topical 
application of EMLA©, CX or saline 2 hours and 
forty minutes after. The mice were sacrificed 15 
minutes after the topical applications and the liver 
and the skin of the hind paw were removed and 
fixed in a 10% formalin solution for additional 
tests. Liver samples were stained with the 
hematoxylin and eosin (HE) coloration. The skin 
samples were stained with both hematoxylin and 
eosin (HE) and Szekely tricromic coloration (SZ). 
All samples were observed microscopically for any 
histopathological changes.  
Nociceptive pain assessment   
Rats were divided in three groups (n = 6/group) and 
each group received as follows: 1. topical 
administration of a thin layer of EMLA© cream 
(group En), 2. two puffs of saline solution (group 
Sn) and 3. two puffs of CX001 spray (group CXn). 
HP and Randall-Selitto assessments were 
performed at baseline and 5, 15, 30, 45, 60, 120, 
180 and respectively 240 minutes after administration.  
The response to cold stimuli was assessed by means 
of the CP test that was performed at baseline, 30 
minutes after topical administration and hourly 
after that over a four hours period of time.   
Inflammatory pain assessment 
All rats were tested by means of HP, CP and 
Randall-Selitto method at baseline. Afterwards, 
each animal received a subcutaneous intraplantar 
injection of 10 µL 1% λ-carrageenan into the right 
hind paw. Two hours and forty minutes after 
intraplantar administration, rats were divided into 
three groups (n = 6/group) receiving either EMLA© 
(group Ei), saline solution (group Si) or CX001 
(group CXi). HP, CP and the Randall-Selitto 
assessments were performed with the same 
frequency as for the nociceptive pain assessment.  
Data analysis 
Data are expressed as mean ± SEM. The statistical 
assessment was performed by means of SPSS v.20 
and GraphPad Prism 6.0 software. ANOVA was 
used to assess time and substance effect. Post-hoc 
comparisons were performed by using Tukey`s test. 
The significance level was set a priori at p < 0.05. 
 
Results and Discussion 

Safety of the CX001 topical analgesic 
Skin tissue from the mice that had only received 
EMLA©/CX001/saline topical application had a 
normal histological profile. The epidermal, 



FARMACIA, 2019, Vol. 67, 1 

 120 

superficial dermal and profound dermal layers were 
in physiological condition. No other differences 
were noted between groups.  
The skin tissue from the mice that had received a 
subcutaneous carrageenan injection prior to topical 
drug administration had histological signs of 

inflammation, with neutrophil infiltration, vascular 
congestion and oedema (Figure 1). No differences 
were noted between EMLA© and CX001-treated 
groups, although lidocaine in topical administration (in 
either EMLA© or CX001 formula) was associated 
 with less inflammation.  

 

   
A B C 

Figure 1. 
HE coloration - microscopy (x 100) assessment of skin tissue in the inflammation groups. A - EMLA©, B - 

CX001, C - saline solution 
 
Lidocaine acts as a non-selective Na+ channel 
blocker. Additionally, some studies have shown 
that the analgesic effect of lidocaine is also due to 
its interaction with resident cells (keratinocytes and 
immune), which leads to an anti-inflammatory 
effect [11]. This effect could account for the results 
we have obtained in rats with induced inflammation 
- i.e. less inflammatory cells in EMLA© and 
CX001-treated groups.  
Histological analysis of liver tissue showed that no 
changes occurred in the hepatic structures. Our 
results are consistent with preclinical data from 
other lidocaine formulations [26, 31] and align with 
other preclinical data we have previously obtained 
in our laboratory by encapsulating analgesics in 
similar manners [13, 24]. The new CX001 
compound is an innovative compound with good 
pre-clinical characteristics regarding both safety 
and efficacy. 
Hot Plate 

For the nociceptive pain group, there were no 
significant differences at baseline, with an average 
PWL of 3.35 ± 0.28 s in the Sn group, 3.48 ± 0.37 s 
in the En group and 3.48 ± 0.27 s in the CXn group. 
Five minutes after topical analgesic/saline 
administration, EMLA© treated animals had an 
increase in PWL when compared with saline 
solution (5.01 ± 0.47 s vs. 3.43 ± 0.22 s) or CX001 
treated animals (5.01 ± 0.47 s vs. 3.16 ± 0.29 s). 
PWLs started to increase in the CX001 treated 
group after this time point and both drugs were 
superior to saline solution, 15 minutes after 
administration. The effect remained consistent at 
30, 45 and 60 minutes after administration (p < 
0.005) (Figure 2). PWLs in all groups were similar 
at the end of the experiment (after four hours). 
ANOVA repeated measures identified that there is 
a significant effect throughout the experiment, with 
p = 0.0058 (F (2, 10) = 9.022) and significance in 
time (p = 0.0095).  
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Figure 2. 

Hot Plate PWLs in the nociceptive pain group. * = < 0.005 versus control group; ** = < 0.005 versus 
EMLA©/CX001 group 
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In the inflammatory pain group, there were also no 
significant differences between groups at baseline. 
After CG injection, all animals showed signs of 
discomfort, avoiding placing the injected hind paw 
on the ground and licking/scratching the affected 
area.  
Five minutes after topical analgesic/saline 
administration, saline-treated animals had a lower 
PWL compared to baseline (2.66 ± 0.40 s), whereas 
CXi and Ei groups showed no such modifications. 
Additionally, there was a statistically significant 
difference between the Si and CXi groups (p  

=0.05), but no significant difference between the Si 
and Ei groups (Figure 3).  
Throughout the experiment, both CX001 and 
EMLA© topical administration led to increased 
PWLs as compared to saline administration. 
ANOVA repeated measures identified that there is 
a significant effect throughout the experiment, with 
p < 0.0001 (F (2, 10) = 26.86) with significance in 
time (p = 0.0097). There were no significant 
differences between Ei and CXi groups at any time 
point. 
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Figure 3. 

Hot Plate PWLs in the inflammatory pain group. * = < 0.005 versus control group; ** = < 0.005 versus 
EMLA©/CX001 group 

 
The Hot Plate test assesses both spinal and supra-
spinal response, and is widely used in assessing 
both nociceptive and inflammatory pain [21].  
Lidocaine is known to increase Hot Plate latency in 
several forms of administration and formulation 
[17], so our results are in line with available data.  
CX001 and EMLA© have similar efficacy in terms 
of Hot Plate PWLs, only CX001 becomes effective 
approximately 15 minutes after EMLA©, most 
likely due to the fact that it is liquid and it only 
contains lidocaine, not a combination between 
lidocaine and prilocaine. 
Cold Plate 
Regarding nociceptive pain response, neither 
EMLA© nor CX001 induced any significant 
changes throughout the experiment in the number 
of cold-evoked movements in 300 seconds. 
ANOVA repeated measures indicated there was no 
significant substance or time effect. 
These results are in agreement with previously 
published studies that assessed the effect of the 5% 
lidocaine patch in healthy human volunteers and 
found that the threshold for heat and cold-induced 
pain were not changed by lidocaine when 
administered on tissue without inflammation [40]. 

In the inflammatory pain group, there were no 
significant differences between groups at baseline, 
with an average number of cold-evoked movements 
of 8.75 ± 0.47 s in the Si group, 7.75 ± 0.48 s in the 
Ei group and 7.75 ± 0.47 s in the CXi group. Thirty 
minutes after topical analgesic/saline solution 
administration, saline treated animals expressed 
more cold/pressure related discomfort, with an 
average of 36 ± 1.58 s movements in 300 seconds, 
whereas rats in the Ei and CXi groups had an 
average of  22 ± 2.27 s respectively 19.75 ± 2.05 s 
movements (Figure 4).  
Throughout the experiment, both CX001 and 
EMLA© topical administration were associated 
with fewer discomfort related movements as 
compared with saline administration (p < 0.005 for 
CXi and Ei at 30, 60 and 120 minutes).  
ANOVA repeated measures identified that there is 
a significant effect throughout the experiment, with 
p = 0.04 (F (2, 6) = 5.756) and that the effect is 
significant in time (p = 0.0076). There were no 
statistically significant differences between Ei and 
CXi groups at any time point. 
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Figure 4. 

Hot Plate PWLs in the inflammatory pain group. * = < 0.005 versus control group; ** = < 0.005 versus 
EMLA©/CX001 group 

 
Both EMLA© and CX001 were more effective in 
decreasing the number of cold induced discomfort 
movements in the inflammatory model than in the 
nociceptive model. Also, we noted a difference 
between baseline values and post-CG values in the 
saline group (when compared to the differences 
noted in other tests). A possible explanation for this 
result is the fact that cold itself can act as a pain 
inhibitor by directly influencing the epidermal 
nervous terminations [7] and by decreasing 
sensitivity in the inflamed area.  
One other explanation for the fact that both 
EMLA© and CX001 are more effective in the 
inflammatory model is that lidocaine primarily acts 
on Aδ and C fibers that have abnormal excitation, a 
situation that occurs in both inflammatory and 
neuropathic pain [23].  
The Randall-Selitto Method 

Regarding the nociceptive pain response, there 
were no significant differences between groups at 
baseline, with an average PWL of 6.66 ± 0.49 s in 
the Sn group, 7.33 ± 0.66 s in the En group and 
6.33 ± 0.62 s in the CXn group. Five minutes after 
topical application, the EMLA©-treated group had 
significantly increased PWLs, with an average of 
13.58 ± 2.43 s when compared with CXn (8.00 ± 
1.01 s) and Sn (7.00 ± 0.85 s) groups. CX001-
treated animals, however, experienced a slow 
progressive increase in PWL and surpassed the 
PWLs of the EMLA© group at 30 and 45 minutes 
(Figure 5). One hour after administration, all groups 
had PWLs similar to those at baseline, a result that 
was consistent over the two, three and four hour 
assessments. ANOVA repeated measures identified 
that there is a significant effect with p = 0.008 and 
F (16, 80) = 2.279. 
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Figure 5. 

Mechanical PWLs in the nociceptive pain group. * = < 0.005 versus control group; ** = < 0.005 versus 
EMLA©/CX001 group 

 
In the inflammatory pain group, there were also no 
significant differences between groups at baseline, 
with an average PWL of 8.33 ± 1.08 s in the Si 
group, 7.08 ± 0.68 s in the Ei group and 8.33 ± 0.92 
s in the CXi group. Five minutes after 

EMLA©/CX001 topical applications, both 
formulations led to a statistically significant 
increase in PWL when compared to saline. Fifteen 
minutes after topical application, the CXi group had 
longer PWLs when compared to the Ei group 
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(12.41 ± 1.72 s vs. 5.16 ± 0.45 s), a significant 
difference that lasted up to two hours after topical 
drug administration (Figure 6). ANOVA repeated 
measures identified that there is a significant effect 
throughout the experiment, with p < 0.0001 (F (2, 
10) = 93.16) and that it is significant in time (p < 
0.0001). At the end of the experiment (4 hours after 
administration), all groups had similar PWLs (4.08 
± 0.20 s in the Si group, 4.75 ± 1.17 s in the Ei 
group and 6.08 ± 0.15 s in the CXi group). 
Our results are in concordance with available 
literature indicating that EMLA© topical 

administration is only slightly effective in reducing 
tactile sensitivity in newborn rats [36]. A recently 
published clinical trial showed that EMLA© 
partially decreases pain during tympanocentesis in 
less than a third of the patients [27]. The result of 
this study is particularly relevant, especially since 
the perinatal period is considered to be a time 
where topical analgesics are most effective [22]. 
Due to its improved formula, CX001 is 
significantly superior to EMLA© as assessed by the 
Randall-Selitto test, a method that primarily 
evaluates the response to tactical stimuli. 
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Figure 6. 

Mechanical PWLs in the inflammatory pain group. * = < 0.005 versus control group; ** = < 0.005 versus 
EMLA©/CX001 group 

 
Conclusions 

The new innovative CX001 lidocaine-based topical 
formulation is a novel platform for topical drug 
delivery. CX001 has an excellent safety profile, 
with no significant site-specific reactions and no 
hepatic toxicity. CX001 rapidly dissolves in saline 
in order to create a spray that can be topically 
administered with ease. The new formula is as 
effective as the lidocaine 2.5%-prilocaine 2.5% 
reference cream in alleviating nociceptive pain and 
is more effective in pressure-induced inflammatory 
pain. The obtained results indicate that CX001 has 
the potential to inhibit pain and may be topically 
applied for pressure-related pain management. 
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