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ABSTRACT 
Aim: This study aimed to develop a topical antibiotic drug delivery sy st em using aquasomes for 
enhanced trea tmen t of skin and soft tissue infections (SSTIs). M aterials & metho ds: Cephalothin 
was loaded into aquasomes using a multi-step process and optimized using design of e xperiment . 
The aquasomes w er e characterized for FT-IR, SEM and zeta potential analysis. En trapmen t efficacy, 
In vitro drug release studies, antibacterial assays and stability study was performed to ev alua te the 
efficacy of the formulated aquasomes. Results & conclusion: The formulat ed c ephalothin-loaded 
aquasomes exhibited stable pr operties, contr olled drug release and significan t an tibac terial ac tivity 
against bacteria. This pr ov es that the developed aquasome-based delivery sy st em has the potential 
for sustained trea tmen t of SSTIs. 

Plain language summary: Cephalothin is a medicine that helps fight bacteria, but it doesn’t work 
well on the skin because it does not come in a gel form. We created a special way, called a magic 
vehicle, to help the medicine reach the skin better. Infections on the skin and in soft tissues, caused 
by germs. We found that our new way of giving the medicine is small , str ong and fights germs very 
w ell . This could be a great way to treat skin infections and help people feel better. 
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. Background 

kin and soft tissue infections (SSTI) are very commonly
aused by bacterial (viral and fungal are less compared
ith bacterial) that enters through the cuts in the skin and
ccurs majorly at subcutaneous tissue and connective

issues [ 1 , 2 ]. Staphylo co ccus aureus , Pseudomonas. and
trept oc oc cus. are the most common infectious agents
f SSTI which shows symptoms such as fever, nausea,
 omiting and ev en leads to incr ease heart bea t ra tes
nd sev er e pain [ 3–5 ]. Existing diagnosis methods for
STI includes colony isolation fr om blood , biopsy , x-ray ,
ltrasound, & CT scan; and therapeutics options includes
ntibiotics course for a period of time [ 6 ]. penicillin
, ciprofloxacin, amoxicillin, clindamycin and cephalexin
re antibiotics commonly used for mild SSTIs and for
ev er e infections, antibiotics such as penicillin g, van-
 omycin, c ephalothin, c eftriaxone and ceftaroline are gen-
rally used [ 7–10 ]. Among several types of antibiotics,
ephalosporins such as c ephalothin, c ephalexin, c eftri-
xone & ceftaroline are commonly used in SSTI infec-
ions [ 11 ]. Additionally, the cephalothin (commonly called
s Cefalotin) is most used first-class antibiotics that has
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β-lactam rings and acts against wide range of bacterial
infections [ 12 , 13 ]. cephalothin is a potent antibiotic which
is a thiophene-2-acetic acid deriv a tive tha t acts against
Staphyloc oc cus and Strept oc oc cus infections in SSTI, and
even show s pot ent activity against resistanc e bact erial
strains [ 14 ]. Cephalothin binds with penicillin binding
proteins (PBPs) and disrupts the cellular ar chitectur e and
ultimately inhibit the cell w all syn thesis of the infectious
bacterial pathogens [ 15 ]. 

Antimicr obial r esistanc e (AMR) has bec ome a major
bur den and chr onic health pr oblem w orldwide due to the
over usage of antibiotics [ 16 ]. Accumulating evidences
indica tes tha t the an tibiotics used against the skin and
soft tissue infections are also becoming resistant and thus
it has to be pr operly addr essed [ 17 , 18 ]. Instead of looking
for new antibiotics development which consumes time
and r equir es huge amount of funds, the existing antibi-
otics can be deliv er ed specially to the site of infection
with contr olled r elease manner [ 19 ]. Aquasomes ar e 3-
lay er ed v esicular nano car r iers used to specially delivery
the drugs to the site of target which has been used in var-
ious diseases such as cancer, cardiovascular diseases and
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nfections [ 20 , 21 ]. In general, the aquasomes consists of
 eramic c ore which c oat ed with polyhy dr oxy compound
o which the drug molecule will be loaded [ 22 ]. Though
he cephalothin exhibits poor soluble property and it can
e ov er come by loading them into the aquasomes to

ncrease their bioavailability and therapeutic efficacy [ 23 ].
n the present study, we have formulated a cephalothin
oaded aquasomes and characterized it through Scan-
ing Electr on Micr osc ope (SEM) analy sis, Fourier Trans-

orm Infrar ed Spectr osc opy (FT-IR) analy sis, follo wed b y
eta potential and particle size analysis. Further, they w er e
 est ed for their antibacterial potential against strains such
s r espectiv ely. 

. Materials & methods 

.1. Chemicals & Reagents 

he drug was pur chased fr om Or chid HealthCar e Pvt.
td Chennai, Tamil Nadu. Calcium chloride, disodium
y dr ogen phosphate, tr ehalose was pur chased fr om Sisco
 esearch Laborator ies P vt. Ltd Chennai, Tamil Nadu. 

.2. Preparation of aquasomes 

quasomes ar e pr epar ed by spinal method [ 24 ], calcium
hosphate is used as backbone (core ma terial), coa ting it
ith trehalose and finally adsorption of the drug. 

In the first step of the aquasome formulation, a ceramic
ore was prepared using the co-precipitation technique
ith sonication. This inv olv ed slowly adding a 0.75M dis-
dium hy dr ogen phospha te solution in w a t er t o a 0.25M
alcium chloride solution under sonication for 2 h, lead-

ng to the reaction: 

2 Na 2 HPO 4 + 3 CaCl 2 + H 2 O → Ca 3( PO 4)2 

+4 NaCl + 2 H 2 + Cl 2 + ( O ) ( nascent oxygen ) 

Subsequently, in the second step, the ceramic core
200 mg) was c oat ed with trehalose (0.06M) through son-
cation for 90 min. The resulting mixture was filtered,
r eeze-dried and stor ed at 2 ◦C. Moving on to the third
tep, drug loading was performed by dispersing the
 oat ed c or e particles in drug solution. Aquasomes ar e
olloidal drug delivery systems that can impr ov e drug
tabilit y and bioavailabilit y. The drug c onc en tra tion of
00 μg/ml may ensure effective antimicrobial activity
gainst a broad spectrum of bacteria. The preparation
f the aquasomes inv olv ed loading a cephalothin solu-

ion (200 μg/ml) cephalothin solution with a 7.2 pH
uffer. The dispersion was left overnight at 2 ◦C for a
4-h drug adsorption pr ocess, follow ed by ly ophilization
o obtain drug-loaded aquasomes. These distinguished
st eps c ollectively c onstitut e the formulation proc ess of
aquasomes [ 25–28 ]. 

2.3. St atistical analy sis 

Design expert 13 software was used to optimize the for-
mulation. Thirteen runs w er e c onduct ed t o optimize the
experimental design, using a 2-level-factors Central Com-
posit e Desig n (CCD ). T he fact ors are calcium phosphat e
mixture (gm) and trehalose (mg) coded as Y1 and Y2,
r espectiv ely. The experimental factors and lev els ar e pr e-
sented in Table 1 . The obtained data w er e analyzed using
CCD to fit a quadratic polynomial equation, correlating
the Design of Experiment (DOE) variables (Y1 and Y2) to
the equation. 

A = α0 − α1 Y 1 + α1 , 1 Y 1 Y 1 + α1 , 2 Y 1 Y 2 − α2 , 2 Y 2 Y 2 

Wher e A r epr esents the pr edicted r esponse, α0 stands
for the int erc ept, the linear coefficient denotes α1 and
α2 . while ( α1,1 ), ( α1,2) , ( α1,2 ) denotes the quadratic coeffi-
cient [ 29 ]. 

2.4. FTIR analysis 

The Four ier transfor m infrar ed spectr oscopy (FTIR) anal-
ysis was performed for calcium phosphate cor e, tr e-
halose c oat ed c ore and c ephalothin loaded aquasome
using Shimadzu FTIR analyzer. Potassium bromide pel-
let method was follo wed b y mixing the samples with
KBr in 1:100 ratios and subjected to FTIR analyzer. Happ-
Genzel apodization was employed and the spectra were
r ecor ded betw een 4500 to 400 cm 

-1 ranges, with a reso-
lution of 4 cm 

-1 [ 30 ]. 

2.5. SEM analysis 

The morphological characteristics of the calcium phos-
phat e c or e, tr ehalose c oat ed c ore and c ephalothin
loaded aquasome w er e analyzed using Hi-Resolution
Scanning Electr on Micr osc ope (HR-SEM), Thermosc ein-
tific Apreo S. Alongside, the quan tita tive analysis of ele-
men ts presen t in the samples w er e also analyzed using
energy-dispersiv e spectr oscop y (EDS). E verhart–T hornley
det ect or (ET det ect or) was used for the analysis with a
voltage of 20 kV [ 31 , 32 ]. 

2.6. Zeta potential & particle size analysis 

T he z eta potential and particle siz e of the calcium
phosphat e c or e, tr ehalose c oat ed c ore and c ephalothin
loaded aquasome w er e determined using Zeta Sizer
Malvern/Nano ZS-90. Dynamic light scattering (DLS) tech-
nique was employed to determine the mean particle size
and zeta potential. For zeta potential analysis, the disper-



FUTURE SCIENCE OA 3 

Table 1. Factor and levels of formulation. 

Factor 1 Factor 2 Response 1 Response 2 

Std Run A:Ca3(PO4) (gm) B:Trehalose (mg) En trapmen t efficacy 
% 

In vitro drug release % 

6 1 4.4 150 19.2 47.5 
2 2 4 100 19 45.3 
12 3 3 150 23 57.2 
7 4 3 79 21.2 48.2 
4 5 4 200 19.2 50.2 
8 6 3 220 23.4 62.3 
11 7 3 150 23.4 57.3 
3 8 2 200 35 62 
10 9 3 150 23.1 57.2 
1 10 2 100 30 50 
5 11 1.5 150 21 55 
13 12 3 150 23 57 
9 13 3 150 23.2 57.3 

Factor 1: Represents the first factor studied in the e xperimen t (A:Ca3(PO4)). Factor 2: Represen ts the second factor studied in the e xperimen t (B: Trehalose). 
S td Run: S tandard Run number for the e xperimen t. A:Ca3(PO4): Amoun t of Ca3(PO4) used in the formulation. B: Trehalose: Amoun t of Trehalose used in the 
formulation. Response 1: En trapmen t efficacy of the aquasome formulation. Response 2: In vitro drug release from the aquasome formulation. 

%: Percentage; gm: Gram; mg: Milligram. 
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ant r efractiv e index was set at 1.33, Visc osity cP (c en-
ipoise) was set at 0.88, dispersant dielectric constant was
et at 78.5, temperature was set at 25 ◦C and measure-

en t position w as set a t 2 mm r espectiv ely. For particle
ize analysis, same dispersant r efractiv e index and Viscos-
ty cP (centipoise)ranges was follow ed . While, the material
 efractiv e index was set at 1.59 and material absorption
as set at 0.01 r espectiv ely [ 33 ]. 

.7. In vitro drug release of drug-loaded aquasomes

n the in vitro drug release studies, a Franz diffusion cell
as employed to assess the release of the aquasome for-
ulation. The cellophane membrane, fitted between the

onor and rec ept or c ompartments, served as the appli-
ation site for the aquasome formulation. The dissolution
edium utilized was a phosphate buffer with a pH of 7.2.

o maintain a c onsist ent t emperature of 37 ◦C, water cir-
ulation in the outer jacket of the cell was employ ed . The
n tire setup w as plac ed on a mag netic stir rer, ensur ing
ontinuous stir r ing using a magnetic bead . A t specified
ime in terv als, 5 ml samples w er e withdrawn, dilut ed t o
0 ml with the same solvent and replaced with fresh dis-
olution media to sustain sink conditions. Spectrophoto-

etric analysis at 237 nm (nanometer) was performed
n the withdrawn samples to calculate the percentage
umulative drug release (%CDR). The drug release study
as c onduct ed in triplicat e for c onsist ency [ 34 ]. 

.8. Drug release kinetics 

n order to understand kinetic principles, data obtained
rom in vitro drug release studies are plotted in a vari-
ty of kinetics models. MS Excel statistical functions are
sed to process the data for r egr ession analysis. Zer o
Order and First Order K inetics models, H iguchi’s model
and Korsmeyer-Peppas models are used to analyze in vitro
drug release data [ 35 ]. 

2.9. Entrapment efficacy 

To determine the percen tage en trapmen t efficacy (% EE)
of the drug in aquasomes, 1 ml of formulation centrifuged
at 15,000 rpm for 1 hour to separate entrapped from un-
entrapped drug. After supernatant r emoval , the sediment
was spectrophotometrically analyzed at 237 nm using a
UV spectrophot omet er t o quantify the loaded drug, The
cephalothin loaded aquasome was determined by the fol-
lowing formula [ 36 ]. 

% En trapmen t Efficacy = (
Actual drug c ont ent 

Theoretical drug c ont ent 

)
× 100% 

2.10. Antibac terial ac tivity 

A diffusion assay, designed to ev alua te the antibacterial
effectiveness of nanoparticles containing a therapeutic
c ompound, c ommenc ed with the cultiv a tion of bacterial
cultures in sterile nutrient broth at 37 ◦C within a shak-
ing incuba tor. Subsequen tly, a bacterial culture suspen-
sion was evenly distributed over sterile Mueller-Hinton
agar plates, allowing a five-minute in terv al for optimal
culture absorption. To assess the antibacterial potential
of the nanoparticles, precisely measured 5 mm wells were
created in the agar plates using a gel puncture technique.
Subsequently, drug-loaded aquasomes and pure drug for
both bacterial species w er e placed inside the wells. The
pr epar ed plates underwent a 24-hour incubation period
at 37 ◦C. After incubation, zones of inhibition, r eflectiv e of
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act erial g r owth suppr ession, w er e measur ed in centime-
r es. For comparativ e purposes, cephalothin (at a concen-
ration of 10 mg/ml) served as a positive c ontrol t o gauge
he experimental results [ 37 ]. 

.11. Stability study 

c c ording t o ICH q1c guidelines aquasome stability
as observed over 3 months in the stability cham-
er. Cephalothin-loaded aquasomes w er e pr epar ed and
tored in amber glass vials. Samples were subjected to
tability testing at 4 ◦C ± 0.20 ◦C for durations of 1, 2 and
 months. The following parameters w er e monitor ed at
ach time point: particle size, percentage encapsulation
fficiency (%EE) and physical appearance. The physiologi-
al changes in drug-loaded formulations w er e thor oughly

nvestigated [ 38 ]. 

. Results 

.1. Characterization of cephalothin loaded 

aquasomes 

.1.1. Optimization of formulation 

horough statistical analysis was c onduct ed on the aqua-
ome formulation to optimize its performance in terms
f entrapped efficacy and in vitro drug r elease. Tw o key

ac tors, Fac tor 1 (A:Ca3(PO4)) and Factor 2 (B:Trehalose),
 er e inv estigated acr oss 13 runs to elucidate their effects
n the responses. ANOVA was used to assess the signif-

cance of the model statistically. The Table 2 presented
um of squares (SS), mean square (MS), degrees of free-
om (DF), p - value, F- value and ANOVA coefficients. The
odel’s sig nificanc e was det ermined using the Fisher dis-

ribution (F-value and p -value). For entrapped efficacy,
he model indicated significance ( p = 0.0391), with Fac-
or 1 (A: Ca3(PO4)) exhibiting a notable effect ( p = 0.0157),
hereas Factor 2 (B: Trehalose) did not significantly affect

ntrapped efficacy ( p = 0.4297). How ev er, Lack of Fit was
ignificant ( p < 0.0001), suggesting potential areas for

odel r efinement. Regar ding in vitro drug r elease, the
odel was highly significant ( p < 0.0001), with both Fac-

or 1 (A: Ca3(PO4)) and Factor 2 (B: Trehalose) signifi-
antly influencing the r esponse. Mor eov er, interactions
AB) and squared terms (A 

2 , B 
2 ) also played significant

oles. Lack of Fit remained significant ( p < 0.0001), indi-
ating the need for further model refinement . A nalysis of
he experimental data r ev ealed that higher levels of Fac-
or 1 (A: Ca3(PO4)) generally corresponded to higher lev-
ls of entrapped efficacy and in vitro drug release. Con-
ersely, the effects of Factor 2 (B: Trehalose) were less
 onsist ent across the runs. The experimental results pro-
ide the importance of Factor 1 (A: Ca3(PO4)) and Fac-
or 2 (B: Trehalose) in influencing both entrapped effi-
cacy and in vitro drug release. The data provide valuable
informa tion in to optimizing the aquasome formulation to
achiev e desir ed drug encapsulation and r elease charac-
ter istics. R esponse surface plot and counter plot of formu-
lation shown in Figure 1 . 

3.1.2. FTIR spectrum 

Four ier transfor m infrared (FTIR) analysis is a significant
tool used to identify the functional gr oups pr esent in the
sample, which thus determines the structural changes
of the function groups [ 39 ]. FTIR spectra of the calcium
phosphat e c or e, tr ehalose c oat ed c ore and c ephalothin
loaded aquasome was shown in the Supplementary Fig-
ure S1 and also, the FTIR peaks along with their wave-
length and functional groups were shown in the Table 3 .
From the FTIR results, it is observed that the calcium phos-
phat e c or e show ed peak str et ching’s that c orresponds t o
C–I, –CH2 rock , C–O, –NH3 + rock , –CH3 bend, C = C, –OH;
trehalose c oat ed c ore showed peak stretching’s that cor-
responds to C–I, C–Br, C–C–N, –CH2 rock, C–O, –NH3 +
rock , –CH2 twist; and cephalothin loaded aquasome
show ed peak str et ching’s that c orresponds t o C–Br, C–C-
N, –CH2 rock , C–O, –NH3 + rock , –CH2 twist, C–N respec-
tively. The peak stretch at 3200–3400 cm 

-1 ranges corre-
spond to the –OH group and around 2250 cm 

-1 ranges
c orresponds t o the C–N g r oup [ 40 ]. Likewise, w e could
able to find the similar peak stretches at 3226.91 cm 

-1 for
calcium phosphat e c ore and 2355.68 cm 

-1 for c ephalothin
loaded aquasome r espectiv ely. All calcium phosphate
cor e, tr ehalose coated core and cephalothin loaded aqua-
some sho wed belo w 500 cm 

-1 range indica ting tha t they
might have a C–I or C–Br bonds and also shows peaks
around 980 cm 

-1 range indicating –CH2 rock, around
1050 cm 

-1 range indicating C–O, around 1120 cm 
-1 range

indicating NH 3 
+ rock and 1330 cm 

-1 range indicating –
CH 2 twist, r espectiv ely. 

3.1.3. SEM analysis 
Scanning electr on micr osc opy (SEM) analy sis provides a
detailed and magnified view of a formulation and used to
identify their size , shape , chemical composition and other
phy sic ochemical pr operties [ 41 ]. A t 50 μm field range
the SEM images was captur ed , and the horizontal field of
view (HFW) for calcium phosphate cor e, tr ehalose coated
c ore and c ephalothin loaded aquasome was observed
at 1 μm r espectiv ely. The magnified morphological view
was shown in the Figure 2 . From the SEM analysis, the
average size of the particles of calcium phosphat e c ore,
trehalose c oat ed c ore and cephalothin loaded aquasome
w as observed a t 0.5 to 1 μm. A similar observ a tion w as
reported by Damera DP et al., 2019, in which the hy dr ox-
y apa tit e (HAP) c ore was c oat ed with Cellobiose to which
the bovine serum albumin (BSA) was loaded. These aver-
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Table 2. Response surface r egr ession: analysis of variance. 

Response 1: en trapmen t efficacy 

Source Sum of squares df Mean square F-value p -value 

Model 116.28 2 58.14 4.56 0.0391 Significant 
A-Ca3(PO4) 107.65 1 107.65 8.44 0.0157 
B-Trehalose 8.63 1 8.63 0.6772 0.4297 
Residual 127.51 10 12.75 
Lack of fit 127.40 6 21.23 758.33 < 0.0001 significant 
Pur e err or 0.1120 4 0.0280 
Cor total 243.79 12 

Response 2: in vitro drug release 

Source Sum of squares df Mean square F-value p -value 

Model 356.27 5 71.25 53.41 < 0.0001 Significant 
A-Ca3(PO4) 91.85 1 91.85 68.85 < 0.0001 
B-Trehalose 169.65 1 169.65 127.17 < 0.0001 
AB 12.60 1 12.60 9.45 0.0180 
A 2 76.62 1 76.62 57.43 0.0001 
B 2 12.10 1 12.10 9.07 0.0196 
Residual 9.34 7 1.33 
Lack of fit 9.28 3 3.09 206.18 < 0.0001 Significant 
Pur e err or 0.0600 4 0.0150 
Cor total 365.61 12 

S tatistical analy sis results showing the significance of factors A (Ca3(PO4)) and B (Trehalose) on Response 1 (En trapmen t efficacy) and Response 2 ( in vitro drug 
release), with p -values indicating significance levels. 

C a3(po4): C alcium phosphate; df: Degr ee of fr eedom. 
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ge size of BSA Loaded Aquasomes was observed to be
etween 200 and 1000 nm. From our SEM analysis we
ould observe the dense occurrence in the cephalothin
oaded aquasome indicating the cephalothin antibiotic

as adsorbed in the pr epar ed aquasome. 
Ener gy-dispersive x-ra y spectrosc opy (EDS) analy sis

rovides a better understanding of elements present in
ormulation and also provides their r elativ e abundance in
he whole composition [ 42 ]. It has a huge impact on the
evelopment of nanoparticles, which evaluates the detri-
ental effects produced by the nanoparticles at molec-

lar level and also helps in the iden tifica tion of chemical
omposition of the drug delivering nanoparticle to var-
ous diseases [ 43 , 44 ]. The EDS analysis of calcium phos-
hat e c or e, tr ehalose c oat ed c ore and c ephalothin loaded
quasome along with their weight % among overall com-
osition was shown in the Figure 2 . From our analysis,
e could able to observe that calcium phosphate core
as elements such as O, P, Ca; while trehalose c oat ed c ore
nd cephalothin loaded aquasome has elements such
s O, P, Ca and C-N. This indicates the coated material
nd the antibiotic loaded aquasomes has the carbon sup-
ort in their structure with 2.1 and 3.9 weight % respec-

ively. Also, the atom% of C in trehalose c oat ed c ore,
nd cephalothin loaded aquasome was observed to be
.7 and 7 r espectiv ely, indica ting the an tibiotic loaded
quasome has more carbon support when loaded on the
 oat ed c ore. 
3.1.4. Zeta potential & particle size determination 

Zeta pot ential det ermines the stability of the particle
and is governed by the electrostatic force whether by
attraction of repulsion between the particles [ 45 ]. The
zeta potential and particle size analysis of the calcium
phosphat e c or e, tr ehalose c oat ed c ore and c ephalothin
loaded aquasome was determined using Zeta Sizer
Malvern/Nano ZS-90 and the results were shown in the
Supplementary Figure S2 . Also the zeta potential analysis
values such as Zeta Potential (mV), Zeta Deviation (mV),
Conductivity (mS/cm) and the particle size analysis val-
ues such as Z-Average (d. nm), Polydispersity index (PDI),
Int erc ept , Size (d. nm), S t Dev (d. nm) were tabulated in the
Table 4 & Supplementary Table S1 r espectiv ely. In general ,
the zeta potential can be positive or negative but should
not be zero to stay away from the aggregation of parti-
cles in the environment [ 46 , 47 ]. The zeta Potential and
conductivity of calcium phosphate core was observed as
-6.66 mV and 3.95 mS/cm; while the trehalose c oat ed
cor e show ed -10.3 mV and 0.948 mS/cm, and cephalothin
loaded aquasome showed -14.6 mV and 0.282 mS/cm
r espectiv ely. Inter estingly, our r esults didn’t show any
zero values indicating particle aggregation is not present
and also indicates the stability of the cephalothin loaded
aquasome as showed in the Supplementary Figure S2 . 

This phenomenon can indeed be attribut ed t o the
surface modification of the particles during the coating
and loading processes toward a stronger repulsive force
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in vitro drug release (III & IV) of formulation. 
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ca3(po4): Calcium phosphate, color scale. 

Table 3. FTIR peaks of calcium phosphate core, Trehalose c oa ted c ore and cephalothin-loaded aquasome. 

Formulation Wavelength (cm -1) Groups 

Calcium phosphate core 507.28, 983.70, 1051.20, 1120.64, 1330.88, 
1631.78, 3226.91 

C-I, -CH 2 rock, C-O, -NH 3 
+ rock, -CH 3 bend, C = C, 

-OH 
Tr ehalose coa ted cor e 387.69, 516.92, 875.68, 987.55, 1055.06, 

1122.57, 1348.24 
C-I, C-Br, C-C-N, -CH 2 rock, C-O, -NH 3 

+ rock, -CH 2 
twist 

Cephalothin loaded aquasome 513.07, 856.39, 987.55, 1051.20, 1120.64, 
1348.24, 2355.08 

C-Br, C-C-N, -CH 2 rock, C-O, -NH 3 
+ rock, -CH 2 twist, 

C-N 

The formulations exhibit distinct peaks at specific wavelengths, indicative of the presence of particular functional groups. 
cm-1: Reciprocal wavelength. 
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etween the particles. The surface modification through
rehalose coating and cephalothin loading enhances the
tability of the aquasome, which may leads to increase in
eta potential . Fr om our r esults, the size and Z-Av erage
f calcium phosphat e c ore was observed to be 265 d.
m and 414 d. nm; while for trehalose c oat ed c ore it was
bserved as 309 d. nm and 670 d. nm, and for cephalothin

oaded aquasome it was observed as 452 d. nm and 849 d.
m r espectiv ely. Thus, it is clearly indica ting tha t the par-

icle size was increased to 452 d. nm in the cephalothin
oaded aquasome as showed in the Figure 3 . 
 

 

3.2. Drug release studies of cephalothin-loaded 

aquasomes 

The in vitro drug release was investigated through Franz
diffusion cells employing cellophane membranes, r ev eal-
ing a drug release rate of 60.72% over a period of
approximately 10 h for the drug-loaded aquasomes
Supplementary Figure S3 . This result showed that the
formulat ed aquasomes exhibit ed a c ontrolled and sus-
tained release of the drug. Based on the analysis of drug
release kinetics, the coefficient of determination (R2) val-
ues for zer o-or der, first-or der, Higuchi and Korsmey er
release models were det ermined t o be 0.970, 0.950,
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Table 4. Particle size of calcium phosphate core, Trehalose c oa ted c ore and cephalothin-loaded aquasome. 

Characteristics Calcium phosphate core Trehalose c oa ted c ore Cephalothin loaded aquasome 

Z- Aver age ( d.nm) 414 670 849 
Polydispersity index (PDI) 0.350 0.237 0.200 
Intercept 0.929 0.917 0.828 
Size (d.nm) 265 309 452 
St Dev (d.nm) 28.8 31.5 41.7 

The cephalothin-loaded aquasome exhibits smaller particle sizes and a more uniform size distribution. 
nm: Nanometer; PDI: Polydispersity index. 
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.993 and 0.613, r espectiv ely. The high R2 value of 0.993
btained for the Higuchi model indicates a strong corre-

ation between the observed and predicted drug release
rofiles. Hence, it can be concluded that the release
f cephalothin from the aquasome formulation follows
iguchi release kinetics. 

.3. Antibact erial pot ential of cephalothin-loaded 

aquasomes 

he well diffusion method was employed to assess the
ntibacterial efficacy of drug-loaded aquasomes against
oth Gram-positive ( Staphylo co ccus aureus , S. aureus )
nd Gram-negative ( Escherichia coli , E. coli ) bacteria. The
ntibac terial ac tivity, as indicated by the zone of inhibi-
ion, showed impact of cephalothin-loaded aquasomes,
ith a zone of 38 ± 3 mm against Staphylo co ccus

ureus and 20 ± 5 mm against Escherichia coli shown in
upplementary Table S2 . The experimental results states
hat Staphylo co ccus aureus was more susceptible to the
rug-loaded aquasomes compared with Escherichia coli .
his susceptibility of Staphylo co ccus aur eus attribut ed t o
actors such as cell wall plasmolysis or the separation
f cytoplasm from the cell wall. Additionally, the outer
membr ane of Gr am-negative bact eria influenc es molecu-
lar permeability, potentially contributing to the observed
v aria tion in susceptibility betw een Gram-positiv e and
Gram-negative bacteria. 

3.4. Stability study 

The stability study was car r ied out by maintaining the
temperature within the specified range of 4 ◦C ± 0.20 ◦C
throughout the three-month experimental period. The
size of cephalothin-loaded aquasomes remained con-
stan t, and minimal fluctua tions w as observ ed ov er
time. The percentage of encapsulation efficiency (%EE)
remained slightly unchanged indicating that cephalothin
has effective en trapmen t efficacy and the physical
appearance of the samples remained constant through-
out the study, there were no visible signs of aggregation
or decay as shown in Table 5 . 

4. Discussion 

Skin and soft tissue infections (SSTI) are common and
frequent which are caused by bacteria such as Staphy-
loc oc cus , Pseudomonas . and Strept oc oc cus. oc cur r ing at
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Table 5. Result of stability study. 

Time (months) Temperature ( ◦C) Size (nm) %EE P hy sical appearance 

1 4 ± 0.20 457 ± 10 62% ± 2 Normal 
2 4 ± 0.20 458 ± 13 60% ± 3 Normal 
3 4 ± 0.20 460 ± 9 62% ± 2 Normal 

The table presents da ta c ollect ed o v er a thr ee-month period , wher e each r ow corr esponds to a specific time point. The parameters r ecor ded include the tem- 
pera ture (maintained a t 4 ◦C ± 0.20 ◦C), the size of the par ticles (repor t ed in nanomet ers ± standar d deviation), the per c entage of encapsula tion efficiency 
(%EE ± standard deviation) and the physical appearance of the samples. 

%EE: Percentage entrapment efficacy; ◦C: Degree celsius; nm: Nanometer. 
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he connective tissues. cephalothin (or Cefalotin) is a first-
enera tion an tibiotic belong ing t o c ephalosporin class is
ommonly used against SSTIs due to their potent activity
ven against resistant bacterial strains. However, its thera-
eutic efficacy toward topical application is limited by its
oor solubility [ 48 ]. Aquasome a 3-lay er ed v esicular nano
ar r iers consisting of ceramic core that can be c oat ed
ith polyhy dr oxy c ompound t o which the drug molecule
ill be loaded is significan t stra t egy t o ov er come the

olubility issue, as well as it impr ov es the bioavailabil-
ty of the drug and ultimately increase their therapeu-
ic effect [ 49 ]. In this study, we developed a cephalothin-
oaded aquasome and subjected it to optimized using
esign of experiments. The aquasome was char acter -

zed using Fourier transform infrared spectroscopy (FT-IR),
canning electron microscope (SEM), zeta potential, zeta
article size analysis and percentage entrapment effi-
acy . Additionally , we c onduct ed in vitr o antibiotic release
tudies, assessed antibac terial ac tivities, and ev alua ted
hort-term stability [ 50 ]. Our r esults r ev ealed that the
ephalothin loaded aquasome has a size range from 10 to
000 nm have functional groups that enables significant
onding, and zeta potential value that enables electro-
ta tic in t eractions in the biolog ical envir onment. Thus, w e
onclude that the formulated cephalothin loaded aqua-
ome is stable and significant against bacterial infections.

hile our study focuses particle size analysis and formu-
ation design, we have included a comprehensive stabil-
ty study section to cover other important aspects of the
xperimen t’s in t eg rity and performance. How ev er, lim-

ted assessment of antimicrobial activity of clinically rel-
v an t an timicrobial agen ts, in animal models or clinics
xperiments. 

. Conclusion 

his study aimed to enhance the bioavailability and sol-
bility of cephalothin for treating SSTIs by using a sus-

ained r elease appr oach at the infection site . A quasomes
 er e formulated and optimized using a 2-factorial design

pproach in experimental desig n. FTIR analy sis c onfirmed
he presence of functional groups for bond formation in
he cephalothin-loaded aquasome. SEM analysis r ev ealed
 formulation size ranging from 0.1 to 1 μm, while zeta
pot ential analy sis c onfirmed values c onducive t o elec-
trosta tic in t eractions in biolog ical environmen ts. En trap-
ment efficacy was determined to be 35%. Mor eov er,
drug release studies demonstrated sustained release
of cephalothin from the aquasome f ormulation, f ollow-
ing (Matrix Diffusion-Controlled Release) Higuchi kinet-
ics (R2 = 0.993), indicating a strong correlation between
observed and predicted release profiles. Additionally, the
formulation exhibited significan t an tibacterial poten tial
against both Gram-positive ( Staphylo co ccus aureus ) and
Gram-negative ( Escherichia coli ) bacteria, with greater
susceptibility observed in Staphylo co ccus aureus . Stabil-
ity studies over a three-month period at 4 ◦C ± 0.20 ◦C
r ev ealed satisfact ory phy sical and chemical stability of the
cephalothin-loaded aquasomes. These findings support
the potential utility of the formulation for further phar-
maceutical applications. Futur e dir ections of this study
include in vivo investigations using animal models or clini-
cal trials to v alida te the efficacy and safety of cephalothin-
loaded aquasomes. Exploring the formulation’s perfor-
mance against a broader range of bacterial strains, includ-
ing resistant ones, would enhance its applicability. Fur-
ther more, long-ter m stability assessmen ts, biocompa t-
ibility ev alua tions and compara tive studies with other
antibiotics could provide compr ehensiv e insights. Opti-
mization of drug loading capacity could further advance
the potential of these aquasomes for treating skin and
soft tissue infections. In conclusion, our study focused on
developing cephalothin-loaded aquasomes and optimiz-
ing their formula tion, highligh ting their promising poten-
tial as effectiv e tr ea tmen t stra t eg ies for SSTIs. Further
r esear ch is w arran t ed t o fully realize their clinical applica-
bility. 

6. Future p ersp ective 

Futur e r esear ch on cephalothin-loaded aquasomes
should pr ior itiz e the follo wing areas t o enhanc e their
efficacy for treating skin and soft tissue infections (SSTIs): 

• Clinical trials: conduct extensive clinical trials to v alida te
safety , efficacy , optimal dosage and application proto-
cols in human subjects. 
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Antimicr obial testing: br oaden testing to include multi-
drug resistant strains to provide a comprehensive effi-
cacy profile. 
Combination therapy: explore combination therapies
with other antibiotics to leverage pot ential synerg istic
effects. 
Long-term stability studies: conduct rigorous stabil-
ity studies under various environmental conditions to
ensur e r obustness during stor age and tr ansportation. 
In vivo studies: perform detailed in vivo studies using
animal models to assess phar macokinetics, biodistr ibu-
tion and therapeutic performance. 
Scale-up and manufacturing: address challenges asso-
ciated with large-scale production to ensure consis-
tency, quality and cost–effectiveness. 
Exploration of other drugs: investigate the aquasome
sy st em for delivering other antibiotics or therapeutic
agents to broaden its application scope. 

Article highlights 

Background 
• Objective: The study aimed to formulate and characterize a 

topical antibiotic drug delivery system using aquasomes to 
enhance the treatment of skin and soft tissue infections (SSTIs). 

Ma t erials & methods 
• Drug selection and loading: cephalothin, a first-generation 

cephalosporin, was chosen and loaded into aquasomes through a 
multi-step process. 

• A quasome structur e: aquasomes ar e thr ee-lay er ed v esicular 
nanocarriers with a ceramic core coated with a polyhy dr oxy 
compound, specifically trehalose, for drug delivery. 

• Preparation: the ceramic core was coated with trehalose, followed 
by the adsorption of cephalothin. A 2-Factor design was utilized to 
optimize the formulation. 

Charact eriza tion 
• Fourier transform infrared spectroscopy (FTIR): FTIR confirmed the 

presence of functional groups in the calcium phosphate core, 
trehalose-c oa ted c ore and cephalothin-loaded aquasomes. 

• Scanning electron microscopy (SEM): SEM revealed the 
morphology of the aquasomes and demonstrated the adsorption 
of cephalothin onto the surface. 

• Zeta potential analysis: the analysis indicated the electrostatic 
stability of the aquasomes. 

Drug release studies 
• Contr olled r elease: the aquasomes e xhibited con trolled and 

sustained release of cephalothin, with a release rate of 60.72% over 
approximately 10 h. 

• Release kinetics: the Higuchi model best fit the release data of the 
formula tion, indica ting a diffusion-c ontr olled r elease mechanism. 

• En trapmen t efficiency: the formulation showed a 35% en trapmen t 
efficacy and demonstrated stable properties. 

A n tibac terial Ac tivity 
• Efficacy against pathogens: antibacterial assays r ev ealed 

significant efficacy of cephalothin-loaded aquasomes against 
Staphyloc oc cus aur eus and Escherichia coli . 

• Comparison with pure drug: cephalothin-loaded aquasomes 
produced larger zones of inhibition compared with pure 
cephalothin, highlighting the enhanced antibacterial activity. 

• Antimicr obial r esistance: the study addr esses the challenge of 
antimicr obial r esistance by pr oviding a sustained deliv ery system 

for existing antibiotics. 
Stability studies 
• P hy sical stability: the cephalothin-loaded aquasomes 
demonstrated good stability over a three-month period, 
evidenced by consistent temperature maintenance, constant size, 
minimal fluctuations in encapsulation efficiency and unchanged 
ph ysical appearance . 

Discussion & conclusion 
• Potential for other antibiotics: the aquasome delivery system could 

be explored for other antibiotics and therapeutic agents to c omba t 
antimicr obial r esistance in various infections. 

• Clinical applications: this study provides valuable insights into the 
development of an effective topical antibiotic delivery system with 
potential clinical applications in treating SSTIs. 

Implications 
• Enhanc ed trea tment: the innova tive use of aquasomes for the 

sustained release of cephalothin offers a promising approach for 
improving the efficacy of topical antibiotics. 

• Futur e r esear ch: further r esear ch is suggest ed t o explore the 
broader application of this delivery system for various antibiotics 
and to conduct clinical trials t o validat e its effectiveness in a clinical 
setting. 
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