| r I \
Vol.67: €24230951, 2024 BAB
https://doi.org/10.1590/1678-4324-2024230951

ISSN 1678-4324 Online Edition

Brazilian Archives of Biology
and Technology

Article - Human and Animal Health

Emulgels Containing Propolis and Curcumin for the
Treatment of Mastitis and Umbilical Cord Healing

Rafaela Said dos Santos? Magali Soares dos Santos Pozza®
https://orcid.org/0000-0002-6473-4869 https://orcid.org/0000-0002-3500-1914
Katieli da Silva Souza Campanholi? Henrique Leal Perez?
https://orcid.org/ 0000-0001-5156-8542 https://orcid.org/ 0000-0003-0630-8287
Amanda Sandes Bispo? Marcos Luciano Bruschi*
https://orcid.org/0000-0002-0655-4093 https://orcid.org/ 0000-0002-4838-5742

Wilker Caetano?
https://orcid.org/ 0000-0002-9402-8324

tUniversidade Estadual de Maringa, Departamento de Farmacia, Maringa, Parand, Brasil; ?Universidade Estadual de
Maringa, Departamento de Quimica, Maringd, Parand, Brasil; *Universidade Estadual de Maringa, Departamento de
Zootecnia, Maringa, Parana, Brasil.

Editor-in-Chief: Paulo Vitor Farago
Associate Editor: Paulo Vitor Farago

Received: 10-Sep-2023; Accepted: 25-Jan-2024

*Correspondence: mibruschi@uem.br; Tel.: +55-44-3011-5998 (M.L.B.)

HIGHLIGHTS

e Curcumin-propolis emulgels for the treatment of mastitis and umbilical cord healing.
e The emulgels showed good healing activity on lamb navels.

e The systems prevented mastitis in dairy cows.

e Formulations showed promising antimicrobial and healing activities in animals.

Abstract: Brazil is a large sheep and cow producer, and the development of new strategies for the treatment
of lamb umbilical cord healing as well as the bovine mastitis is very important. The aim of this study was to
develop emulgels containing propolis, curcumin and andiroba oil for the treatment of mastitis and umbilical
cord healing in animals. The formulations were composed of poly (acrylic acid) derivative (Carbopol 974P or
polycarbophil), Brazilian green propolis extract, curcumin, and andiroba oil. The systems were investigated
as the activity on umbilical cord healing of newborn lambs, and evaluation of the prevention of mastitis in
dairy cows. The emulgels effectively promoted umbilical cord healing, preventing infections. Moreover, they
were effective for reducing the somatic cell count a health indicator for mammary glands in cows. These
findings suggest that these formulations can potentially treat cattle mastitis and improve lambs' umbilical cord
healing.
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INTRODUCTION

Brazil is a large sheep producer, with an effective at 8.7 million head, 90% of which are in the Northeast
region [1]. The umbilical cord serves as a channel for the supply of blood and nutrients throughout pregnancy.
When the cord breaks during the birthing process, it leaves an umbilical stump that becomes a risk because
it becomes an entrance for pathogens in the newborn, increasing the risk of infections [2]. In this context,
antiseptic compounds help clean, sanitize, and speed healing the umbilical stump. The two most common
choices of antiseptic compounds are 7% iodine or 4% chlorhexidine. However, the antiseptic properties begin
to diminish approximately 15 minutes after application, increasing interest in exploring the effectiveness of
new treatment alternatives [2].

Moreover, bovine mastitis is a significant disease because of the economic losses to dairy producers.
This disease is characterized by a mammary gland inflammatory response caused by metabolic and
physiologic changes, trauma or, more frequently, contagious, or environmental pathogenic microorganisms
[3]. Costs due to mastitis include reduced milk production, condemnation of milk due to antibiotic residues,
veterinary costs, culling of chronically infected cows, and occasional death mastitis has a serious zoonotic
potential associated with the shedding of bacteria and their toxins in the milk [4,5]; Staphylococcus aureus
bacteria are frequently isolated in addition to Streptococcus dysgalactiae, Streptococcus agalactiae, and
Streptococcus uberis [6].

The prevalence of mastitis in dairy herds has resulted in the extensive use of antibiotics [7]. However,
treatment with antibiotics during lactation has limited efficacy and leads to increased residues found in
commercial milk samples [8].

Main changes in the udder includes leakage of ions, proteins, and enzymes into the milk due to increased
vascular permeability, decreased synthesis of caseins and lactose, and invasion of phagocytizing cells into
the milk compartment [9]. The main changes are increased sodium, chloride, and serum protein levels and
reduced calcium, lactose, and casein [10].

Measuring the somatic cells count (SCC) in milk is the gold standard for ruling out the severity of mastitis.
Usually, in milk from a healthy mammary gland, the SCC is lower than 10° cells/ mL, while bacterial infection
can cause it to increase to above 10° cells/mL [11]. Despite intensive research and implementation of various
mastitis control strategies over the last few decades, bovine mastitis has not yet disappeared and is
insurmountable in dairy profitability [12].

The study of new therapeutic agents for mastitis in cattle should begin with screening a potential product
for its antimicrobial effects on the principal etiological agents causing the disease. For mastitis, the search
for an antimicrobial product with a broad spectrum of biological properties is directly related to the fact that
an inflammatory response accompanies the bacterial infection. As such, therapeutic agents with anti-
inflammatory, antioxidant, and immunostimulatory properties are needed to improve the overall health of the
mammary gland and the animal [13].

The use of multiple antioxidant and healing chemotherapeutic agents may favor the treatments. Propolis
(PRP) is a complex mixture of plant substances. It has a wide range of biological activities attributed to its
chemical constituents, which are mainly phenolic acids and polyphenols, such as flavonoids [14]. Many
biological activities have been described for propolis, such as antioxidant, antimicrobial, antiproliferative,
antitumor, anti-inflammatory, and immunomodulatory [15,16]. Curcumin (CUR), present in saffron, a common
spice from India and China, is a widely studied bioactive agent for the treatment and prevention of various
diseases, such as cystic fibrosis, psoriasis, depression, asthma, arthritis, brain damage, diabetes, and
healing. It exhibits anti-inflammatory, antioxidant, and antimicrobial action and can help to prevent
cardiovascular diseases [17-20].

Moreover, semi-solid systems are frequently utilized as controlled drug delivery for topical route of
administration, enabling the increase of residence time and of the bioavailability of different active agents
[14]. Emulsion is defined as coarse or colloidal dispersion that can show important properties for topical drug
delivery: easy for spreading, improved skin permeation, not greasy, water soluble, emollient, pleasant
appearance, good rheology and long shelf life. The combination of emulsions and gels results in emulgels,
which are emulsion systems gelled by mixing polymeric gelling agent and aqueous phase thickener. This
strategy also enables the obtention of more stable emulsion systems due to the interfacial tension decrease
and the aqueous-phase viscosity increase [14,21]. They can incorporate well both hydrophilic and
hydrophobic drugs, offer new drug delivery platforms, facilitate administration, improve retention, permeation,
absorption, and probably control the release of EPRP and/or CUR [22, 23]. In addition, they are systems that
require an oil phase that will perform an emollient/moisturizing action, promoting skin hydration. For this
phase, andiroba oil was chosen, widely used to treat skin conditions and muscle inflammation, and used as
a natural insect repellent [24].
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In this work, emulgels containing the two active agents (PRP and CUR), along with andiroba oil, were
utilized for the tests on the umbilical healing of lambs and the evaluation of mastitis prevention in dairy cows.

MATERIAL AND METHODS

Materials

Carbopol 974P® (C974P) and polycarbophil (PC) were received from Lubrizol (Sao Paulo, SP, Brazil).
Curcumin C3 complex® was received from Sabinsa® (West Windsor, USA) and triethanolamine, used as a
neutralizing agent, was purchased from Galena (Campinas, SP, Brazil). Andiroba oil (AO) was obtained from
the mechanical oil extraction process upon selected seeds from rainforest Andiroba tress (Carapa
guianensis) in the Tome-Acu Agroextractive Association (Quatro Bocas-Tome-Acu, Para State, Brazil, under
the geographic DMS coordinates of -2° 24' 59.99" S latitude, -48° 08' 60.00" W longitude). Forest
management was conducted considering the sustainability and the conservation of ecosystem and
Amazonian biodiversity. Only the seeds fallen from the Carapa guianensis tress, collected in the whole
oriental amazon rainforest region in a sustainable way, were submitted to pure AO extraction clean process.
All the processes following the environmental legislation in force through the National System for
Management of Genetic Heritage (SISGEN n°. A098049), as well as duly authorized by the same association.
Brazilian green propolis (PRP) was obtained from an apiary (of Apis mellifera L. bees) in the northwest of
Parana state (SISGEN n°. AC7A2F5). Purified water was obtained in-house using a water purification system
(Evoqua Water Technologies, Pittsburgh, USA).

Preparation of systems

The optimized emulgels were prepared using C974P or PC at a concentration of 1.0% (w/w) [14]. The
polymer dispersion was carried out in purified water under mechanical agitation at 200 rpm and at room
temperature. After complete dispersion, CUR (0.1%, w/w) was added under constant stirring, and the pH
adjusted to 7.0 using triethanolamine [25, 26]. Propolis extract (EPRP) (8%, w/w) was added to the systems
gradually, and finally, AO (8%, w/w) was incorporated, maintaining constant mechanical stirring, according
to Table 1. After preparation, all formulations were stored in hermetically sealed bottles for at least 24 h before
characterization analyses.

Table 1. Composition of emulgel systems composed of different poly (acrylic acid derivatives [Carbopol 974P (C974P)
or polycarbophil (PC)], curcumin (CUR), andiroba oil (AO), Brazilian green propolis extract (EPRP).

Bioactive agents (%, w/w)

Formulation Polymer type AO (%, wiw)

EPRP CUR
F1 C974 8.0 8.0 0.1
F2 PC 8.0 8.0 0.1

Analysis of activity on umbilical cord healing of newborn lambs

The newborn lambs were identified and distributed in an entirely randomized design (DIC), treated in
three different groups: seven animals treated with iodine (control/standard treatment), eight animals treated
with formulation F1, and eight animals treated with formulation F2, for three days, once a day. After birth, the
treatments were applied, and then the lambs were released into open pasture. For two more days, the
animals were captured, and the treatments were applied again. To control infection, the rectal temperature
of the animals was monitored for three days, and on the 5th day, blood tests were performed on three animals
in each group to analyze the leukocyte cells. This test was approved by the Ethics Committee on Animal
Studies of UEM (Authorization N°. 3425280722), and due to the accepted norms for minimum care, no animal
was left untreated [27].

For leukocyte cell analysis, approximately 5 mL of blood sample was collected with the help of 40 x 1.20
mm needles. This collected blood was transferred to test tubes with an anticoagulant
(ethylenediaminetetraacetic acid - EDTA). The analysis of these cells was performed by a veterinary clinical
analysis laboratory (NAV - Nlcleo de apoio Veterinario), in the city of Maringa, PR, Brazil. All analyses were
performed at least in three replicate samples.
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Evaluation of the applicability on treatment of mastitis in dairy cows

The experiment was conducted in the cattle sector of the Experimental Farm of Iguatemi — State
University of Maringa (FEI) under approval by the Animal Ethics Committee of the State University of Maringa
- CEUA, process n° 3425280722. Holstein and Jersey cows were used, with an average weight of 500 kg
and average production of 20 liters/day, in different stages of lactation (beginning, peak and end), kept in
pasture and supplemented with corn silage and concentrate. The experiment was carried out in a cross-over
design being post-dipping applications: T1 (control treatment using lactic acid; Ekomilk after gel film, Alto da
Pedra Branca, Brazil) and T2 (formulation F2). A total of six animals were utilized for each experiment/treatment.

Milk samples were collected at 0, 7, and 14 days of product application for somatic cell count (SCC) and
physicochemical composition. The somatic cell count and physicochemical composition of cow's milk were
performed in the milk analysis laboratory Mesoregional Center of Excellence in Milk Technology and were
determined by the ultrasonic milk analyzer Ekomilk Scan and Master Classic, respectively. All analyses were
performed at least in three replicate samples.

The data obtained in vitro and in situ were subjected to analysis of variance (ANOVA), and the significant
difference between the means (p < 0.05) was determined by Tukey's test using SAS 9.3 software (Statistical
Analysis System Institute, Cary, NC).

RESULTS

Emulgels (F1 and F2) containing CUR, EPRP and OA displayed good appearance and consistency
(Figure 1), according previous studies [14,28].

F1 F2

—_—

Figure 1. Macroscopic characteristics of the emulgel systems F1 and F2.

Activity on umbilical cord healing of newborn lambs

Within the 23 animals analyzed, two died, and one presented myiasis in the navel. Except for these three
animals, the rest responded well to the healing treatment (Figure 2).
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Figure 2. Photographs showing the lamb navel treated using emulgel F2: (A) newborn; (B) after application of the
formulation F2; (C) after treatment and complete healing.

The rectal temperature of the evaluated animals varied from 36.8 °C to 39.4 °C, with no indication of
febrile cases. Besides this parameter, blood tests were performed on the animals, where the leukocyte cells
were evaluated (Figure 3). The reference values for this test range from 4,000 to 12,000 pL.
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Figure 3. Evaluation of infectious process of the average of three animals of each treatment (iodine, F1 and F2).

All groups, with the different treatments presented leukogram results within the reference range, and in
no animal was an increase in the number of leukocytes observed.
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Evaluation of the applicability on treatment of mastitis in dairy cows

For this study, the F2 system was chosen and the Table 2 displays the results of the analyzed data.

Table 2. Analysis of the treatment with the emulgel F2 and the control treatment (lactic acid) on the different days
analyzed for the different parameters.

Treatments (mean) p-valor
Parameters
Control F2 Pirat Pday Pixd EPM

SCC (102 cells/mL) 500.600 317.300 0.066 0.080 0.763 0.066
G (%) 4.71 4.57 0.677 0.004 0.772 0.172
ST (%) 9.88 9.85 0.835 0.250 0.547 0.064
D (g/mL) 1.03 1.03 0.971 0.651 0.324 <0.001
P (%) 3.65 3.63 0.700 0.253 0.416 0.024
SL (%) 0.83 0.83 0.658 0.163 0.673 0.006
pH 6.86 £ 0.51 6.78 £ 0.68 0.660 0.005 0.931 0.099

Averages of treatments with different lowercase letters in the same row are significantly different for days (p <0.05). Ptrat
- treatment effect; Pday - days effect; Pwd - interaction between treatment and days; EPM - Standard Error of the Means;
G= fat, ST= total solids, D= density, P= protein, SL= salts.

DISCUSSION

In previous studies [14,28], we have developed and selected the emulgels F1 and F2, due to their
promising characteristics (e.g., antioxidant and antimicrobial activity, enabled modified/prolonged drug
release), for further investigations as topical delivery systems of CUR and EPRP. Moreover, they were
chosen because they were more stable and displayed good appearance and consistency, with suitable
mechanical and physicochemical properties. F1 and F2 had in common the bioactive compounds
(EPRP+CUR) and OA, responsible for better structuring of the systems, as well as increasing some texture
parameters, such as adhesiveness [14,28], which means that they are difficult to break and remain in contact
with the application site for longer, justifying their use in animal tests.

Therefore, in this study, we have evaluated these two selected emulgels as the capacity of promote
umbilical healing of lambs and the mastitis prevention in dairy cows.

The umbilical cord is a placenta structure that, after birth, becomes an entry site for pathogens, causing
diseases like myiasis, which is defined as a lesion caused by the larvae of the fly Cochliomyia hominivorax
(varejeira). It lay many eggs, around 200-300 units, around wounds or the navel of newborns. These eggs
hatch, and the larvae migrate into the wound, creating a cavity inside the wound, progressively increasing in
depth. The damage caused is severe and can lead the animal to death [29]. Umbilical infections are a health
risk for animals. Studies indicate that up to 20% of dairy calves develop umbilical infections [27,30,31] and
1.6% of reported calf deaths are related to umbilical infections [2,27]. In this regard, using systems with
specific drugs to prevent these diseases is essential.

Typically, antiseptic compounds help clean, sanitize, and improve the rate of umbilical healing while
reducing the risk of infection to the animal. The two compounds commonly used for treatment are 7% iodine
and chlorhexidine [27,31]. Emulgel formulations were chosen for the prevention of these diseases because,
in addition to the excellent healing action of propolis extract, as described by Burdock (1998) and De
Francisco (2013) [32,33], these systems also contain CUR, which has excellent anti-inflammatory action
[17,34,35], as well as AO, which is known as an insect repellent [36,37].

The animals responded well to both healing treatments (iodine, F1 and F2) and no fever was observed
[37,38]. The results were similar, but it was possible to observe the formulation F2 displayed better
performance (Figure 2). The alcoholic solution of iodine (7%) was chosen as the standard treatment due to
it can kill most pathogens with a short contact time, and the ethanol presence can help in an increased
umbilical stump desiccation rate [27]. However, the problems for local administration of this solution (e.g.
hurts due to the ethanol presence and low rheological properties), difficult about storage and increased
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regulatory concerns, justify the use of emulgels, mainly F2. The leukogram results indicated the animals did
not present any infectious condition and confirming that the treatments were effective.

Moreover, epidemiological studies on risk factors have identified characteristics related to the
environment, management procedures, and milking equipment associated with bovine mastitis and variation
in SCC [39,40]. To ensure milk quality, producers must ensure that the product has the characteristics
established in Normative Instruction 76 (IN 76) regarding SCC, total solids, fat, protein, lactose and minerals,
taste, odor, and appearance [41].

For the investigation of the applicability on treatment of mastitis in dairy cows, the emulgel F2 was
selected due to the PC polymer, which is made up of numerous hydrophilic groups such as amine, carboxyl,
and hydroxyl groups. This is called the degree of swelling, which is directly proportional to the amount of
water absorbed by the emulgel [42], making it easier to release the active ingredients.

In the present study, both treatments displayed similar efficiency (safety). The statistical comparison
between F2 and the control treatment using lactic acid displayed no significant difference (p > 0.05) for all
parameters (Table 2). However, considering the effect of days, the fat content displayed significant difference
between the two treatments (p < 0.05). Variations in protein, fat and lactose levels in milk can be caused by
diet, health, milking management, season, lactation phase, genetics, and breed [43]. The increase in fat
levels during collection days probably refers to lactation stages or diet.

For the safety and quality of milk, the recommended SCC value is 500,000 cells/mL (IN 76/2018). High
SCC scores are associated with changes in milk composition, resulting in poor quality of milk and dairy
products. SCCs in milk are influenced by many factors, such as animal species, milk production level,
lactation stage, and the individual and environmental factors in addition to management practices. A threshold
of < 200,000 cells/mL is the most practical value for determining breast quarter health [12]. The treatment
using F2 displayed a lower value for SCC than using lactic acid.

Previous studies showed the effectiveness of propolis in the treatment of bovine mastitis. The use and
efficiency of this natural compound as a pre- and post-dip has also been verified previously. Fiordalisi (2015)
found that propolis has the potential to be used to treat subclinical mastitis or during dry cow therapy when
the bacterial count is comparable to the clinical condition [13]. Schelles and colleagues (2021) found no
difference between treatments on milk protein, lactose and fat concentration when evaluating the use of
propolis and iodine as pre- and post-soaking for lactating cows for 28 days [44]. Melo Peixoto (2012) observed
the efficacy of propolis as post-immersion and administered orally to cows, when compared to a commercial
product [45]. Thus, emulgel F2 showed to be an alternative product for lactic acid gel film for the treatment
of mastitis.

CONCLUSION

The optimized emulgels containing propolis, curcumin and andiroba were in vivo evaluated as their
activity on umbilical healing of lambs and mastitis prevention in dairy cows. These formulations have good
appearance and consistency, suitable for topical administration. Both emulgels F1 and F2 were efficient for
umbilical healing and similar to iodine alcoholic solution 7%. Furthermore, emulgel F2 had the same efficiency
as the commercial product (lactic acid gel). The F2 system proved to be a promising alternative formulation
for the treatment of these diseases and constitutes a candidate for further in vivo veterinary tests.
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