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ABSTRACT
Objective: The objective of the present study was to formulate and evaluate caffeine loaded solid lipid nanoparticles (SLNs) in the treatment of clinical
mastitis.

Methodology: These were prepared by homogenization technique using cholesterol, tween 80, and chloroform as excipients. Preformulation studies
such as ultraviolet spectrophotometry, Fourier transform infrared (FTIR), and differential scanning calorimetry (DSC) were performed for the drug.
Entrapment efficiency and in vitro dissolution studies were carried out for prepared SLN’s and the optimum formulation (F2) was taken for further
studies such as FTIR, DSC, scanning electron microscopy, particle size, and zeta potential analysis.
Results: Obtained results stated that prepared SLNs are roughly spherical in nature and are in nanorange. These were incorporated in Carbopol gel
and further evaluation studies such as pH, spreadability, viscosity, homogeneity, and in vitro drug diffusion studies were carried out. All the results
obtained state that prepared nanogel has shown sustained release of drug. The antimicrobial study was carried out using Staphylococcus aureus and
it was confirmed by appearance of the zone of inhibition.

Conclusion: Nanogel that contains Caffeine SLNs with 1:2 ratio drug:lipid has shown good in vitro release. Sustained release of Caffeine drug till 12 h
was achieved by delivering it in the form of nanogel.
Keywords: Caffeine, Cholesterol, Clinical mastitis, Solid lipid nanoparticles, Antimicrobial activity.
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INTRODUCTION

Clinical mastitis is an inflammatory condition of the breast that may
occur in the breastfeeding women during the puerperium and is
reported in women who continue to breast feed up to 1 year after
delivery [1].

Recently, a condition called subclinical mastitis has been described.
Subclinical mastitis is diagnosed from the finding of a raised sodiumpotassium ratio in the milk and an increased concentration of
interleukin-8 (IL-8) when there is no clinical mastitis. Increased sodium
and IL-8 levels are thought to indicate that an inflammatory response is
occurring despite the absence of clinical signs. Due to this disease milk
production falls below 400 ml per day.

Two principle causes of mastitis are milk stasis and infection. Milk stasis
is usually the primary cause which may or may not be accompanied by
progress to infection. Intra mammary infections caused by Escherichia
coli are commonly considered to be limited in duration. Sometimes,
microorganisms may even be eliminated before or shortly after the
onset of clinical symptoms. Therefore, the host defense system appears
to eliminate E. coli efficiently especially when the infection occurs
late in lactation. Staphylococcus aureus is also causative organism for
clinical mastitis [2].
In treating and managing clinical mastitis, culture based therapy
and severity levels play ey role. The antibiotic therapy is strongly
recommended for clinical mastitis [3].
The veterinary in clinical practice is often confronted with cases of
mastitis that require systemic antibacterial treatment in addition to
local treatment. Furthermore, nonsteroidal anti-inflammatory drug’s
are most commonly used in the treatment. Few examples of drugs used

are penicillin’s, oxytetracycline, chloramphenicol, sulfonamides, and
trimethoprim [4].

Caffeine is a natural alkaloid found in coffee beans, tea leaves, cocoa
beans, cola nuts, and other plants. It is probably the most frequently
ingested pharmacologically active substance in the world. It is
found in common beverages (coffee, tea, and soft drinks), products
containing coca, chocolate, and over counter stimulants. Caffeine is
used to treat tiredness and drowsiness and used along with other
pain relievers to improve their effect [5]. Caffeine is a methyl xanthine
moiety capable to hinder the phosphodiesterase (PDE) enzyme
which helps in hydrolysis of cyclic nucleotides resulting in elevated
concentration of intracellular cyclic adenosine monophosphate
(cAMP). Cell surface receptors inhibition for adenosine is another
proposed mechanism. Reduced intracellular cAMP levels are seen in
cutaneous leukocytes of patients with psoriasis. Many researchers
proposed that as a PDE inhibitor and methyl xanthine, caffeine
increases intracellular cAMP levels, which consequently suppress
inflammatory pathways [6].
Solid lipid nanoparticles (SLNs) are submicrons colloidal carrier
ranging from 50 to 100 nm which are composed of a physiological lipid
dispersed in water or in aqueous surface solutions. They consist of
macromolecular material in which the active compound is dissolved,
entrapped, or to which the active compound is dissolved or attached.
SLNs are generally spherical in shape and diameter from 10 to 100
nm. Advantages are it controls or target drug release, improve stability
of pharmaceutics, and feasibilities of carrying both lipophilic and
hydrophilic drugs more affordable [7,8].

Various lipids used in the preparation of SLNs are triglycerides
(tri-stearin), partial glycerides (Imwitor), fatty acids (stearic acid,
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and palmitate acid), and steroids (cholesterol), and waxes (acetyl
palmitate). Various emulsifiers and their combination (pluronic F
68, F 127) have been used to stabilize the lipid dispersion. Among
them, cholesterol is widely used lipid because of its GRAS status lipids
and thus know to be safe and used widely in pharmaceutical and
cosmeceutical industries. No skin irritations are reported using these
lipids from the reports and sources obtained. Hence, this lipid is used
in the present study [9,10].
The topical delivery of drugs is an attractive method for local
and systemic treatment and commonly used in the treatment of
inflammatory conditions such as musculoskeletal injuries and
dermatological diseases. There are many advantages in topical
application compared to conventional dosage forms. Especially, some
serious systemic and adverse effects are avoided.

When the drug is delivered topically, it can penetrate deeper into skin
and hence give better absorption. Topical preparation can be used to
prevent the metabolism of drug in the liver. It can be used to avoid
the gastrointestinal disorders, risks and inconvenience of intravenous
therapy, etc. Furthermore, bioavailability of the drug is increased and
targeted action can be achieved.

The topical delivery with gels can increase the time of the presence
of drug on the skin and improve the delivery and release of the
substance [11].
In the present study, an attempt has made to prepare SLN’s of Caffeine
using cholesterol as lipid. The novelty of this work is though caffeine
SLN’s were prepared earlier by others using them in the treatment
of clinical mastitis was not reported till date. These SLN’s help in
increasing bioavailability of drug and also provide sustained release of
the drug.
MATERIALS AND METHODOLOGY

Caffeine was obtained from Loba Chemie, Mumbai, India. Cholesterol
and other excipients were obtained from Pallav Chemicals & Solvents
Pvt, Ltd., Boisar, India. All the reagents used were of analytical grade.
Methodology

Analytical method for caffeine
Calibration curve in pH 7.4 phosphate buffer
From the standard solution, a stock solution was prepared to give
a concentration of 100 μg/ml in 7.4 buffer. Aliquots of 0.5, 1.0, 1.5,
2.0, and 2.5 ml from the stock solution were pipetted out into 10 ml
volumetric flasks. The volume was made up to the mark with 7.4 buffer.
These dilutions gave 5, 10, 15, 20, and 25 µg/ml concentration of
Caffeine, respectively. The absorbance of prepared solutions of Caffeine
in 7.4 buffer was measured at 275 nm spectrophotometrically against
7.4 buffer blank. Standard plot data of Caffeine in 7.4 pH buffer are
reported in Fig. 1.
Preparation of SLN

Homogenization technique
Cholesterol and Caffeine were dissolved in 10 mL chloroform in a
glass flask (organic phase). Tween 80 was added in 30 ml distilled
water and heated up to 75°C using water bath (aqueous phase). Then,
the organic phase was added to the aqueous phase under continuous
stirring at 1000 rpm using a homogenizer. About 2.5 h later, the flask
was removed from the water bath, 10 mL of ice-cold distilled water
was added, and stirring of the mixture at 1000 rpm was continued
for 2 h. Then, the resulting suspension was washed twice with
distilled water by centrifuging at 10,000 rpm for 30 min to remove
the supernatant, which contained the free (unreacted) drug. It was
followed by freeze-drying that converted it to powder form [12,13].
Three SLN formulations were prepared by varying the drug: lipid
ratio. They are given in Table 1.

Fig. 1: Ultraviolet-spectra of Caffeine in pH 7.4 phosphate buffer
Table 1: Formulation chart of various SLN formulations
Formulation

Drug
(mg)

Cholesterol
(mg)

Chloroform Tween 80
(ml)
(%)

F1
F2
F3

50
50
50

50
100
150

10
10
10

SLN: Solid Lipid Nanoparticle

1
1
1

Characterization and evaluation of SLN’s [14-16]
Entrapment efficiency (EE)
To calculate the EE, accurately weighed quantity of 100 mg SLN was
taken and dissolved in 7.4 pH buffer. It was stirred for 10 min to break
the complex. Then, the solution was filtered and 2 ml was taken from
above solution and diluted up to 10 ml with 7.4 pH buffer [14,15]. It was
kept aside for few minutes and absorbance was measured by ultraviolet
(UV)-spectrophotometer at 421 nm. It can be calculated using the
formula.

In vitro drug diffusion studies
In vitro studies were carried out using cellophane membrane soaked in
pH 7.4 buffer overnight. For this study, Franz diffusion cell was taken
and in donor compartment pH 7.4 buffer was taken. In between donor
and receiver compartments, cellophane membrane was placed and
tightly held using rubber band. On the membrane gel was applied. The
buffer which passes from donor to receiver compartments through the
membrane was collected in receiver compartment using a syringe tube.
Sampling was done at regular intervals of 15, 30 min, 1 h, 2 h ,3 h, 4 h,
5 h, and 6 h (each time 2 ml of sample was collected and replaced with
similar amount of buffer). The obtained samples were analyzed using
UV spectrophotometer [14-16]. 7.4 pH buffer is used because human
breast milk pH is around 7.4
Fourier transform infrared (FTIR) spectroscopic analysis

FTIR analysis was conducted to verify the interaction between drug and
polymer. The sample powder was dispersed in KBr powder and pellets
were made by applying 4 kg/cm2 pressure. FTIR spectra were obtained
by powder diffuse reflectance on a FTIR spectrophotometer type 8400S
Shimadzu.
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Differential scanning calorimetry (DSC)
DSC was performed on pure drug and its formulations using DSC-60
instrument. Calorimetric measurements were made with empty cell
(high purity alpha alumina disks) as the reference. The dynamic scans
were taken in nitrogen atmosphere at the heating rate of 10°C min-1.
The energy was measured as J/Kcal.

Scanning electron microscopy (SEM)
The surface morphology of formulations was determined using a
scanning electron microscope. Samples were mounted on aluminum
mount, using double-sided adhesive tape and sputtered by gold under
vacuum and were scanned at an accelerating voltage of 15 KV before
observation.

Particle size and zeta potential analysis
The average particle size distribution and charge of the resulting
nanoparticles were determined by dynamic light scattering using C:\
Microtrac\FLEX 11.0.0.2 Instruments, United Kingdom. The experiment
was performed using clear disposable zeta cell, water as a dispersant
which has refractive index – 1.330 and viscosity (cP) – 0.898 and the
temperature was kept constant at 25°C. The optimized SLN formulation
was further incorporated into topical nanogel prepared.

Nanogel preparation
Appropriate quantity of Carbopol 934 was soaked in water (around 5 ml)
for a period of 2 h. Carbopol was then neutralized with triethanolamine
(TEA) with stirring. Then, specified amount of SLN’s was dissolved in
appropriate and pre-weighed amount of propylene glycol. Solvent blend
was transferred to Carbopol container and agitated for additional 20
min. The dispersion was then allowed to hydrate and swell for 60 min;
finally, the pH was adjusted with 98% TEA until the desired pH value
was approximately reached (6.8–7). During pH adjustment, the mixture
was stirred gently with a spatula until homogeneous gel was formed.
All the samples were allowed to equilibrate for at least 24 h at room
temperature before performing rheological measurements [17,18].
Formulation chart of nanogel is given in Table 2.
Evaluation studies
pH determination
The pH of the gels was determined using digital pH meter by placing the
glass electrode completely into the gel system. The readings were taken
for average of 3 times [17,18].

Homogeneity
All developed gels were tested for homogeneity by visual inspection
after gels have been set in the container. They were tested for the
appearance and the presence of any aggregates [17,18].

Spreadability test
Place 0.5 g gel in a premarked circle (1 cm diameter) on a glass plate.
Another glass plate was then placed over the gel and weight of 500 g was
placed over this upper glass plate for 5 min. The experiment was carried
out in triplicate and spreadability expressed in gm.cm/sec [17,18].
Spreadability can be calculated using the formula.
•
•

S = M.L/T
Where, S = Spreadability

Table 2: Formulation of nanogel

S No.

Ingredients

Amount

1.
2.
3.
4.
5.

Drug (F2)
TEA
Propylene glycol
Carbopol 934
Distilled water

100 mg
1%
0.5 ml
0.5 g
Q.S

TEA: Tri ethanolamine

•
•
•
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M = Weight tied to upper slide
L = Length of glass slide
T = Time taken to separate the glass slide completely from each other.

Rheological studies
The rheological measurements were performed on the Brookfield
viscometer. All measurements were carried out using parallel plates
measuring systems having 50 mm diameter and 1 mm gap at 25°C.
The rheological properties of the formulated gels and nanogel were
studied at different shear rates (rpm) and the viscosity was measured
in cP [17,18].
In vitro drug diffusion studies
The caffeine SLN loaded nanogel was permeated through dialysis bag.
Optimized formulation was selected for these studies. 0.5 g of nanogel
was placed in the bag and is placed in a beaker containing 150 ml of
phosphate buffer of pH 7.4 and constantly stirred with a small magnetic
bead. During the experiment, temperature was maintained at 37±0.5°C
to simulate the human skin condition. 5 ml of samples were withdrawn
at 0.5, 1, 2, 6, and 12 h and replaced with fresh receptor solution. The
samples withdrawn were analyzed spectrophotometrically at 235 nm.
The amount of drug released was calculated and the percentage drug
released was plotted against time [17,18].
Similarly, it was done for marketed topical antibiotic gel.
Antimicrobial test
Organisms used
S. aureus (Gram-positive bacteria).

Procedure
Nutrient agar medium was prepared in aseptic condition (2.8 g of agar
powder in 100 ml distilled water). Prepared agar medium was poured
in sterilized Petri plates and allowed to solidify. Above mentioned
organism was collected from the culture tube with a prior sterilized
metal loop and streaked on solidified agar plates. Then, bores or cups
were made in the agar Petri plates with a sterilized metal borer and
the sample was placed in the cups. The Petri plates were placed in the
incubator for 36 h [19].
RESULTS AND DISCUSSION

EE
EE studies were carried out for F1-F3 formulations. All the entrapment
efficiencies were between 55% and 69%. When cholesterol was used as
lipid, F2 has highest EE (69.12%). It is because, in case of F1 (1:1 ratio)
equal amount of drug and lipid was present for interaction. Hence, the
release rate was reduced due to no extra drug molecules present. In case
of F3 (1:3 ratio) formulations excess lipid molecules were present in the
formulation and these molecules formed a thick sheet around the drug
leading to delay in drug release. In case of F2 (1:2) formulations drug
and lipid ratio were satisfactory. In spite of excess lipid molecules, high %
release was observed in F2 formulation, since only a thin sheet of lipid layer
has formed around the drug which does not hinder the release of drug.
The drug entrapment efficiencies noted for different formulation are
given in Table 3.

In vitro drug diffusion studies
The SLN formulations were subjected to in vitro release studies. The
results obtained in in vitro release studies were plotted in percent
Table 3: Entrapment efficiencies of F1-F3 formulations

S. No.

Formulation

EE (%)

1.
2.
3.

F1
F2
F3

55.79
69.12
60.22

EE: Entrapment efficiency
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cumulative drug release versus time and shown in Fig. 2. It was found
that formulation containing drug:lipid in 1:2 ratio has shown maximum
in vitro drug release, as compared to other formulations. This could be
due to poor loading seen in F1 due to insufficient lipid and incase of F3
it could be able to inability of drug to enter into the larger network of
lipid. In vitro drug diffusion studies of all the formulation are given in
Table 4.
SEM
From the results obtained that SLNs were roughly spherical. It shows
formation of nanoparticles resembling spheres. SEM image of F2
formulation is given in Fig. 3.

Particle size analysis and zeta potential and measurement
Particle size of solid lipid nanoparticles was found between 100 and
2500 nm. Average particle size was 190.5 nm. Obtained results state
that prepared nanoparticles were in nanosize which is one of the
objectives of the study. The particle size distribution of F2 formulation
is given in Fig. 4.

Zeta potential is the major function which determines the interaction
of formulation with biological system. It determines the charge type
Table 4: In vitro drug diffusion studies (F1-F3)

Time (h)

F1

F2

F3

0
0.5
1
2
4
6
8
12

0
17.15
31.25
37.26
43.32
47.68
53.22
63.01

0
25.13
39.24
49.60
56.39
60.75
67.74
72.48

0
16.18
29.47
37.99
46.95
52.76
58.30
66.64
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present on the nanoparticle surface. Zeta potential of the prepared
SLN’s was found as -18.9 mv. It shows that decrease in particle size has
led to increase in surface area that resulted in higher zeta potential.

FTIR spectroscopy
Major peaks of Caffeine, i.e., amines, amides, and carboxylic groups
with bond frequency of 3300–3000, 3500–3000, and 1710–1650,
respectively, are seen in pure caffeine at 3112, 1599 and 3510, and 1661
and 1698, respectively. FTIR spectrum of pure caffeine is shown in Fig. 5.
Similar peaks were observed at 1552, 1655, and 1701 frequencies
in F2 formulation along with other characteristics peaks pertaining
to Caffeine. This indicates the presence of drug in SLNs. Some of the
major peaks pertaining to amine and amides, i.e., 3112 and 3510 cm−1
disappeared in final formulation.
This shows that though pure drug is present, it is entrapped in the
lipid system. This is also confirmed with blunt peaks obtained in FTIR
spectrum. FTIR spectra of F2 formulation are shown in Fig. 6.

DSC
DSC endograms of pure drug and F2 formulations are given in Figs. 7 and 8,
respectively. Melting point of pure caffeine was observed at 242°C. In case
of F2 formulation, peak pertaining to cholesterol was observed at 145°C.
Drug peak was observed at around 235°C but was not sharp. The absence of
sharp peak pertaining to drug indicates the presence of drug but embedded
in lipid system showing drug-lipid compatibility.
Evaluation of nanogels
pH determination
pH of obtained gel was found to be 7.4 which is near to neutral pH. This
shows that prepared gel does not cause any skin irritation as it is near
to skin pH.
Homogeneity
All the gels prepared clear and transparent. It shows that no aggregates
were present.

Spreadability
Prepared gel was spreaded on skin and was found to spread easily. It
shows that prepared gel has good viscosity.
Rheological studies
Viscosity for prepared gel was found to be good. It shows that obtained
results were optimum which helped in good spreadability.
Fig. 2: In vitro drug diffusion studies (F1-F3)

All the above results are given in Table 5.

In vitro drug diffusion studies
The nanogel containing F2 formulation and normal antibiotic gel
was subjected to in vitro diffusion studies. The results obtained were

Fig. 3: Scanning electron microscopy photograph of F2
formulation

Fig. 4: Particle size distribution of formulation F2
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Fig. 5: Fourier transform infrared spectrum of pure caffeine

Fig. 6: Fourier transform infrared spectra of formulation F2

Fig. 7: Differential scanning calorimetry thermogram of caffeine
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Table 5: Evaluation parameters of F2 nanogel

Fig. 8: Differential scanning calorimetry thermogram
Formulation F2

S. No.

Evaluation parameter

Results

1.
2.
3.
4.

pH
Homogeneity
Spreadability
Rheological studies (cp)

7.4
Clear and Transparent
Good
9872

Table 6: In vitro % drug diffusion studies

S. No.

Time (h)

F2

Marketed

1.
2.
3.
4.
5.
6.
7.
8.

0
0.5
1
2
4
6
8
12

0
24.3
37.5
50.3
57.9
64.6
68.9
73.6

0
28.84
36.77
39.97
47.55
72.68
-

CONCLUSION
Nanogel that contains Caffeine SLNs with 1:2 ratio drug:lipid has shown
good in vitro release. Sustained release of Caffeine drug till 12 h was
achieved by delivering it in the form of nanogel.
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