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Abstract 
Background: Despite all the technological progresses and conventional medical treatments, pain therapy remains a challenge for both 
children and adult patients. Objective: The aim of the study was to identify new transdermal Lidocaine delivery systems that will ensure a 
controlled release, an improved availability and will finally enhance local pain control. Materials and Methods: The experimental animals 
were adult Wistar rats weighing between 180–200 g. At the beginning of the experiments, we induced an inflammatory pain by administering 
λ-carrageenan, using a previously known model. Subsequently, the animals were subjected to a battery of nociception tests: algesimeter, cold 
plate and hot plate. Once the paw edema was obtained, the tested substance containing Lidocaine or eutectic mixture of local anesthetics 
(EMLA) cream was applied on the hind paw. Since we wanted to identify if our substance causes any local effect, the samples were 
collected from the paw, from the area where it was administered. Results: At algesimetric testing, it has been showed that the tested 
substance enters into its action slowly, up to 15 minutes after administration and reaches it maximum effect within 15–30 minutes, then the 
effect diminishes but does not disappear even at two hours. When compared to EMLA, the analgesic cream that exists in the markets, our 
substance has superior analgesic properties at 15 and respectively 30 minutes after administration. The effect of the tested substance is 
still present after two hours, lower than in the maximum range (15–30 minutes), but higher than EMLA’s effect. The histopathological exam 
revealed an inflammatory reaction in all groups. Conclusions: The tested substance proved analgesic properties longer and higher than 
EMLA but did not influenced the inflammatory reaction. 
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 Introduction 

In the face of all technological developments and well-
known medical treatments, pain management in pediatric 
and adult patients continues to be a poorly elucidated 
problem worldwide [1, 2], considering the three features 
involved in its pathogenesis: nociception [3, 4], emotional 
factors [5, 6], and behavioral factors [7, 8]. Specialists 
are currently facing difficulties in pain control, such as 
cognitive impairment of drugs due to central effects, partial 
efficiency of analgesics, and systemic effects, which limits 
the therapeutic outcomes [9–11]. 

The essential target of topical preparations development 
is the improvement of patient compliance to medical 
treatment, by providing efficient pain relief with less 
central nervous system effects and minimal drug regimen 
burden [12–14]. 

The aim of the study was to identify new transdermal 
Lidocaine delivery systems that will ensure a controlled 
release, an improved availability and will finally enhance 
local pain control. Transdermal drug penetration depends 
on several factors, especially on the delivery system used 
for the hydrophobic active drug. 

 Materials and Methods 

Animals 

Male adult Wistar rats (“Victor Babeş” National Institute 
for Research and Development in Pathology and Biomedical 
Sciences, Bucharest, Romania), weighing between 180–
200 g were used. The animals were kept in a room with 
controlled temperature (21±2°C), with circadian rhythm 
12 hours light/12 hours dark, and were allowed to 
accommodate in this climate for at least 24 hours before 
the experiment. There was one rat per cage, with free access 
to food and water. The cages used were standardized 
polycarbonate (Sapaco) cages, measuring 1500 cm2. 

The study was performed after obtaining the approval 
from the Ethics Committee of the “Grigore T. Popa” 
University of Medicine and Pharmacy, Iaşi, Romania, 
and after receiving the testing chemical compound from 
the “Petru Poni” Institute of Macromolecular Chemistry, 
Iaşi. The study was carried out in accordance with the 
recommendations of the European Community (EC) 
regarding the use of medicinal products in preclinical studies 
(Regulation of the Council of the EC No. 86/609/EEC 
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from 24th of November 1986), in conformity with the 
conventions of good laboratory practice, published in 
the Official Gazette, Part I No. 102 from 06/02/2002 
(approved by the Government of Romania, Decision No. 63 
from 24th of January, 2002), as well as in accordance with 
clinical norms and protocols regarding the testing of drugs 
(approved by the Ministry of Public Health No. 906 from 
25th of July, 2006). In addition, nociceptive tests were 
performed, meeting the standards recommended by the 
Ethics Committee of the International Association for 
the Study of Pain (IASP): the recommendations of the 
“Declaration of Helsinki”; “Guiding Principles in the 
Care and Use of Animals” approved by the American 
Physiological Society (published in Journal of Neuro-
physiology); and “Ethical Guidelines for Investigations 
of Experimental Pain in Conscious Animals” [15–17]. 

Environmental impact 

The biological products and the disposable materials 
that came in contact with it were removed according to the 
current Guidelines. The activities carried out within the 
laboratory did not raise other problems of environmental 
protection. 

Methods 

The rats were divided in three groups: group C  
(λ-carrageenan), group E+C [eutectic mixture of local 
anesthetics (EMLA) and λ-carrageenan] and group T+C 
(tested substance and λ-carrageenan). Each group included 
10 animals: two controls and eight experimental animals. 
Inflammatory hyperalgesia was induced at the beginning 
of the experiment, by a λ-carrageenan injection. Once the 
paw edema was obtained, the tested substance containing 
Lidocaine or EMLA was applied on the hind paw. 
Subsequently, the rats were subjected to a battery of 
nociception tests: algesimeter, cold plate and hot plate. 
The assessments were performed at specified intervals 
(5, 15, 30 minutes, one hour, two hours). In order to 
evaluate the antinociceptive effect of these two substances, 
the paw withdrawal thresholds (PWTs) were determined 
for mechanical (algesimeter) and thermal (cold plate and 
hot plate) stimuli. It was decided to perform the tests after 
the animal’s hair removal. 

Euthanasia of laboratory animals 

At the end of the experiment, the animals were 
euthanized, without any physical or mental suffering, 
according to the American Veterinary Medical Association 
(AVMA) Protocol of Euthanasia from 1993 (the method 
must be painless, to rapidly produce a state of uncons-
ciousness, cardiac arrest, respiratory arrest and death). 
This is usually a standard procedure, performed in special 
necropsy rooms, separated from the place where other 
animals are kept. 

The inhalation of a volatile anesthetic (Isoflurane) 
induced the unconsciousness within few seconds. The 
absence of vital signs (heartbeats, respiratory movements, 
reflexes) followed almost 5 minutes after. After confirming 
the death, tissue samples were collected. 

The following drugs were used in the experiment:  
λ-carrageenan, which is a high molecular weight sulphated 

polysaccharide obtained from red algae with inflammatory 
properties; the tested substance, which was synthesized 
by “Petru Poni” Institute and delivered as a powder, which 
is soluble in saline solution; it is formed by a mixture of 
polymers and Lidocaine, which facilitate penetration of 
drug in the skin; EMLA – a eutectic mixture of 2.5% 
Lidocaine and 2.5% Prilocaine formulated as an oil-in-
water emulsion, known for its analgesic properties [18]. 

Histopathological assessment 

Since we wanted to identify if the substance causes 
any local effect, the samples were collected from the paw, 
from the area where the substance was administered. 
The collection of samples was performed after euthanasia 
of animals and were specifically processed, by paraffin 
inclusion, microtome sectioning (3–5 μm), and usual 
stainings – Hematoxylin–Eosin (HE) and Goldner–Szekely 
(GS) trichrome [19, 20]. 

Data analysis 

Data are expressed as mean ± standard error of the 
mean (SEM). Statistical assessment was performed by 
means of Statistical Package for the Social Sciences (SPSS) 
v.20 and GraphPad Prism 6.0 software. Repeated measures 
analysis of variance (ANOVA) was used to assess time and 
substance effect. The significance level was set a priori 
at p<0.05. 

 Results 

Pharmacological testing of the researched 
substance 

The assessments of the algesimetry indicated that the 
effect was installed at 15 minutes after administration 
(at 5 minutes none of the substances had effects). At 15 
minutes after administration, a superior effect of tested 
substance was observed compared to EMLA cream (2.5% 
Lidocaine and 2.5% Prilocaine). The effect was still present 
after 30 minutes (statistically significant), but ceased before 
the end of the experiment (Figure 1). 

 
Figure 1 – Algesimeter testing of the researched 
substance vs. EMLA. EMLA: Eutectic mixture of local 
anesthetics. 

At one hour, the effect of tested substance was less 
powerful than EMLA’s, but became higher at the two-
hours testing, being almost the same as the effect obtained 
at 15 minutes after administration. Therefore, the onset 
of action after administration was within 15 minutes, the 
peak effect occurs within the range 15–30 minutes, then 
the effect diminishes, but does not disappear neither at 
two hours. The results obtained with the algesimeter were 
further confirmed by the cold plate test, which showed 
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that the therapeutic effect of the tested substance was 
significantly higher than that of EMLA at 15 minutes, 
then it starts decreasing becoming after one hour similar 
to EMLA’s. The peak effect was at 30 minutes after 
administration, when using the cold plate test (Figure 2). 

 
Figure 2 – Cold plate testing of the researched 
substance vs. EMLA. EMLA: Eutectic mixture of local 
anesthetics. 

When we performed the hot plate test, the measurements 
showed that the tested substance had a more powerful 
effect at the 5, 15 and 30 minutes evaluations. As in the 
previous tests, the effects of the two substances were 
similar at the one-hour testing. The effect of our tested 
compound decreased after two hours (Figure 3). 

 
Figure 3 – Hot plate testing of the researched 
substance vs. EMLA. EMLA: Eutectic mixture of local 
anesthetics. 

As a conclusion of the performed tests, the action of 
the tested substance settles within 15 minutes, reaches 
the peak effect at 30 minutes and then falls of, persisting 
at a low intensity at the last testing, at two hours after 
administration. 

Results of the histopathological assessment 

In both HE and GS trichrome stainings, skin samples 
collected from the control animals revealed a normal 
architecture: epidermis (thin keratinized stratified squamo-
cellular epithelium), superficial dermis (loose connective 
tissue), and deep dermis (dense connective tissue). The 
pilosebaceous, apocrine, and eccrine glands were free of 
pathological changes (Figure 4, a–c). 

The skin samples collected from the group C were 
suggestive for a mild acute inflammatory reaction: rare 
inflammatory elements [polymorphonuclear neutrophils 
(PMN)], discrete edema in the superficial and deep dermis 
and mild vascular congestion (Figure 5, a and b). 

The skin samples collected from the group E+C 
revealed changes suggestive for a more intense acute 
inflammatory reaction. The inflammatory elements were 
represented by PMN, with diffuse disposition in the 
superficial and deep dermis, abundant in the deep dermis 
(the place of injection), with perivascular disposition. 
Edema and vascular congestion with leukocytosis were 
also observed (Figure 6, a–c). 

For the group T+C, the following elements were 
identified: frequent PMN, especially in the deep dermis, 
with perivascular and perineural dispersion, vascular 
congestion with leukocytosis, interstitial edema and focal 
areas of microhemorrhages (Figure 7, a–d). 
 

 

 
Figure 4 – Control. Normal skin, general view: (a) Group C; (b) Group E+C; (c) Group T+C. GS trichrome staining: 
(a–c) ×100. C: λ-Carrageenan; E: Eutectic mixture of local anesthetics (EMLA); T: Tested substance; GS: Goldner–
Szekely. 

 
Figure 5 – Experimental Group C. Skin 
with mild acute inflammatory reaction, 
discrete edema in the superficial and  

deep dermis and mild vascular 
congestion: (a) Mild inflammation  

in the dermis; (b) Mild inflammation, 
edema and vascular congestion in the 

dermis. HE staining: (a) ×40.  
GS trichrome staining: (b) ×100.  

C: λ-Carrageenan; HE: Hematoxylin–
Eosin; GS: Goldner–Szekely. 
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Figure 6 – Experimental group E+C. Skin with inflammatory reaction, with diffuse disposition in the superficial and 
deep dermis (the place of injection), with perivascular disposition, edema and vascular congestion with leukocytosis: 
(a) Diffuse inflammation in superficial and deep dermis; (b) Diffuse and perivascular inflammation in deep dermis; 
(c) Vascular congestion with leukocytosis. HE staining: (a) ×100. GS trichrome staining: (b) ×100; (c) ×400. E: Eutectic 
mixture of local anesthetics (EMLA); C: λ-Carrageenan; HE: Hematoxylin–Eosin; GS: Goldner–Szekely. 

 

 

 

Figure 7 – Experimental group T+C. Skin with frequent PMN, with perivascular 
and perineural dispersion, vascular congestion with leukocytosis, interstitial edema 
and focal areas of microhemorrhages: (a) Interstitial edema and focal areas of 
microhemorrhages; (b) Diffuse inflammation; (c) Perivascular, vascular congestion; 
(d) Perivascular and perineural inflammation. GS trichrome staining: (a) ×100; 
(d) ×200. HE staining: (b) ×200; (c) ×400. T: Tested substance; C: λ-Carrageenan; 
PMN: Polymorphonuclear neutrophils; GS: Goldner–Szekely; HE: Hematoxylin–
Eosin. 

 
 Discussions 

In current investigations, animal models are used  
to assess the analgesic potential or to determine the 
inflammatory changes of different drugs. The most used 
substance that induces inflammatory pain is λ-carrageenan 
[21]. In our study, we used this model by subcutaneous 
administration of saline solution of λ-carrageenan in order 
to induce this type of inflammation. 

There are currently known two approaches in order 
enhance the absorption of topically applied drugs at the 
skin level: the first one uses diffusion enhancers and the 
second utilizes a device or vehicle which take advantage 
of drug delivery into the skin without disturbing the 
physiochemical properties of superficial layer. A proper 
enhancer should be non-allergenic or non-irritating, non-
toxic, a suitable solvent for the drug and also pharmaco-
logically inactive [22]. Therefore, our study attempts to 
propose a compound that has the characteristics mentioned 
above, with effectiveness in pediatric or adult clinical 
practice. 

EMLA is an oil-in-water emulsion mixture based of 
two well-known local anesthetics Lidocaine and Prilocaine, 
developed in order to anesthetize intact skin. It is necessary 
to apply EMLA under occlusive bandages, which helps 
penetration into the layers of the skin. The suggested 
application interval for appropriate analgesia is at least 
one hour, but the time of analgesia is influenced by the 
density of the blood vessels in the confined area [22, 23]. 
Our data proved that the effect of the tested substance, 
for which there is no need of occlusive dressings, was 
higher at the two-hours testing than that of EML. The 
peak effect occurs within the range 15–30 minutes, then 
diminishes, but does not disappear neither at two hours. 

The EMLA local effects are transitory blanching 
followed by erythema, but edema and itching were also 
observed. Many applications determine intensified local 
reactions but they disappear after ending the adminis-
tration [22]. The histopathological exam performed in our 
study revealed a more intense inflammatory reaction in the 
group of animals who received λ-carrageenan and EMLA 
than in the group only with λ-carrageenan, suggesting a 
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pro-inflammatory local effect of EMLA. The results were 
similar in the group of animals were the tested substance 
was associated with λ-carrageenan. 

Our data regarding the effectiveness of topical EMLA 
administration compared to other Lidocaine-containing 
compounds are consistent with most of the literature data 
[24–28], regardless the way of administration. Adminis-
tration of Lidocaine by skin contact is considered easier 
compared to injection, having the same effect. There is 
one study in the literature that shows that administration 
of Lidocaine alone has a lower effect than that of EMLA 
[29], in contradiction with our data. On the other hand, 
Cozzi et al., in a study published in 2017, showed that 
warm Lidocaine administration has superior EMLA effect 
[30]. Within this context, we believe that further research 
in the area are still needed to elucidate the exactly morpho-
physiological features of topical Lidocaine compounds 
administration. 

 Conclusions 

Significant research related to skin permeation mecha-
nisms have been done over the last years. Their results 
are reflected in our days by the developments of new 
formulations and procedures that enhance drug delivery, 
essential for local and or systemic effects. In our study, 
the outcomes obtained with the algesimeter, correlated by 
those obtained with the cold plate test and the hot plate test 
proved that the tested substance has superior analgesic 
properties compared to EMLA. The local histopathological 
assessment showed no significant differences regarding 
the morphological features associated to inflammatory 
reaction between the groups to which EMLA and the 
tested substance were associated, but further studies are 
needed in the future. 
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