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Abstract 

Background The actively mutating properties of disease-causing pathogens and GI intolerance associated with 
certain antibiotics among other challenges necessitated the adoption of colloidal system for drug delivery. Nanoe-
mulsions (Ciprofloxacin (Cp) -loaded and non-drug loaded) were prepared by spontaneous emulsification method, 
characterized using Cryo-TEM, FTIR and Zetasizer. Antimicrobial activities were carried out using agar well diffusion 
method on Klebsiella pneumoniae and Bacillus subtilis. The in-vitro and dermal toxicological assessment were carried 
out using adult Wistar rats.

Results The Cryo-TEM micrographs showed spherical morphology while zetasizer results showed polydispersity 
index (PDI), mean droplet size and zeta potential (ZP) of 0.553, 124.3 ± 0.29 nm and − 15.3 mV respectively for 
non-drug loaded sesame oil-based emulsion (SOAB). While 0.295, 244.8 ± 0.33 nm and − 5.54 mV were recorded for 
Cp-loaded sesame oil-based emulsion (SOAB + Cp). The effective voltage charge of the emulsions was 147.4 V. FTIR 
results of Cp recorded O–H adsorption value of 3429  cm−1, while SOAB and SOAB + Cp showed superimposition at 
3427.76  cm−1 showing no drug-excipient interactions. No skin irritation was observed after 14 days of skin corrosion 
assessment. No significant difference (p > 0.05) in body weight gain of both test and control animals, the treatment 
did not cause any observable alterations in blood-chemistry parameters and hematological indices. Photomicro-
graphs of liver and heart shows an uncompromised histological architecture.

Conclusion The finding of the study shows a skin friendly, nanosized, spherical negatively charged emulsion with no 
cardiotoxic, hematotoxic and hepatotoxic effects on Wistar rats, and as such appears promising as a safe vehicle for 
drug delivery.
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Graphical Abstract

1  Background
Patient compliance to drug most of the time is as a 
result of discomfort associated with its usage, which GI 
intolerance plays a major role. The use of emulsion to 
encapsulate bioactive materials for certain purposes, 
like taste masking and proper delivery has extensively 
been researched [1, 2] in which nanoemulsion has been 
flanked with numerous applications in nanomedicine 
and drug delivery purposes [3]. Colloids, especially the 
oil-in-water (O/W) type are charged particles [4] and 
as such, its affinity to cell membranes of disease causing 
pathogens due to the lipid nature of its surface is high 
as a result of similarity with the lipid-layered surface of 
the cell membranes of the cell. Its large surface area to 
volume ratio characteristics also accorded it an increase 
in permeation and penetration features thereby giv-
ing it the propensity to function as a vehicle for the 
delivery of drugs [5–9]. Sesame oil possess a nutritive, 
demulcent, and emollient properties which makes it 
to be of good pharmaceutical aid as solvent for intra-
muscular injections [10] and has a vast ethnobotanical 
applications [11]. It is non-toxic oil with a wide range 
of therapeutic properties. Its potential application in 
nanomedicine as the organic phase of nanoemulsion in 
drug delivery is due to the presence of unsaturated fatty 

acid: a reaction site which provides an anchorage for 
the hydrophobic ends of the surfactant molecule thus 
giving the oil a relevance in emulsification process for 
the production of nanoemulsion [12]. This is important 
as nanoemulsion plays a key role in modern pharmacy 
and medicine, providing series of means through which 
biomolecules could be effectively delivered into the 
body; oral, intravenous, nasal, ocular [6, 13] transder-
mal [14, 15] vaginal [16] among others [17]. Klebsiella 
pneumoniae is a gram negative saprophytic bacteria 
that lives on dead or decaying organic matter, it is also 
found in various environmental niches, like soil, water 
etc. as well as in GI tract. It is not only found in the 
GI tracts but at about 80%, a high carriage rates in 
nasopharynx of humans and skin, and other mammals 
[18, 19]. The increase in the colonization efficiency of 
Klebsiella pneumoniae is as a results of its resistance 
to antibiotics which enables the microorganism to per-
sist and spread at a great rate, majorly in health care 
settings [20]. It is pathogenic in nature, especially in 
an immunocompromised individual and elderly peo-
ple. This microorganisms has been known or labelled 
as one of the important causative agent of pneumonia 
which is one of the major community-acquired infec-
tions, other infections that could be traced to Klebsiella 
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pneumoniae is liver abscess, other metastatic and noso-
comial infections [21, 22]. While Bacillus  species are 
rod-shaped gram-positive (and sometimes turn gram 
negative) bacteria. They possess a wide range of physi-
ological features owing to diversity in the gene which 
enables them to adapt and survive in every natural 
environment. Studies have shown that Bacillus sub-
tilis which is one of the Bacillus  species are found in 
the human GI tract [23] while some species are asso-
ciated with bacteremia/septicemia (blood infections), 
endocarditis (heart infections), meningitis (spinal cord 
infections), and infections of wounds, the ears, eyes, 
respiratory tract, urinary tract, and GI tract [24–27] 
and as such, this microorganism should be considered 
gut commensals rather than solely soil microorganisms.

The use of drug (antibiotics) to lighten up microbial 
loads is as old as the existence of man on earth in which 
man uses leaves, tree backs, shoots and root to treat dis-
eases. However, the greatest threat to the use of antibiotic 
is the ability of these disease-causing microorganism to 
evolve into a drug or multidrug resistant strains. Most of 
the pathogens overcome the epithelia and endothelia bar-
rier to invade the body of their host [28] and replicates 
[29]. However, ciprofloxacin, a broad spectrum synthetic 
antibiotics belonging to the fluoroquinolones family has 
been known as a highly potent antibiotic. It exhibits cata-
lytic inhibition mode of antimicrobial action by binding 
and inhibiting bacterial DNA gyrase which is responsi-
ble for DNA replication. It has been shown to be useful 
for the treatment of series of bacterial infections which 
includes upper and lower respiratory infections, soft tis-
sue, skin infections as well as community acquired pneu-
monia [29–32]. Furthermore, the upward trend in the 
use of ciprofloxacin in community and hospitals over 
the years for the treatment of bacterial infections has 
resulted in the formation or the development of the drug- 
resistant species. It has been reported that occurrence 
of ciprofloxacin resistance in K. pneumoniae is now well 
established and, indeed, exceeds 5% in many centers in 
certain regions of the world [33].This therefore necessi-
tates this study which is aimed at harnessing the excellent 
morphological features and encapsulating characteristics 
of nanoemulsion to enhance the therapeutic property of 
ciprofloxacin against drug resistant strains of disease-
causing microorganism and also to develop a system that 
can help to evade GI tract discomfort associated with oral 
drug usage. More so, the sensitivity of the human body to 
xenobiotics (foreign substances) necessitates the need to 
also evaluate the toxicity or safety status of any materials 
to be ingested either for nutrition or therapeutic purpose. 
It is in this regard that the study examined the safety 
of Sesamum indicum oil based nanoemulsion system 
vis-à-vis its possible use as a vehicle for drug delivery, 

using adult male Wistar rats as experimental models. It 
is hoped that the outcome of the study will provide use-
ful information on health implications as regards the use 
of SOAB for effective encapsulation of bioactive (drug) 
materials for effective transdermal, dermal and oral deliv-
ery without posing any threat to the delicate tissue of the 
body as well as the structure and texture of the skin.

2  Materials and methods
2.1  Materials
Polyethylene glycol (PEG 400) and Polyethylene (20) 
sorbitanmonooleate (T 80), Polyethylene (20) sorbitan-
monolaurate (T 20) were purchased from Evergreen 
Chemical industry, Idumota Lagos, Nigeria. Sesame oil 
was extracted by Piteba mechanical extractor, Depart-
ment of Chemistry, Federal University of Agriculture, 
Abeokuta Nigeria. The clinical isolates of the microor-
ganisms were collected from Sacred Heart Hospital, Lan-
toro, Abeokuta, Nigeria.

2.2  Methods
2.2.1  Emulsification
The emulsification was carried out by weighing 0.075 mg 
(0.3%w/w) of the drug in a beaker containing 0.75 g (3% 
w/w) sesame oil and the mixture was homogenized until 
the drug was completely dissolved in the oil, then, 1.00 g 
(4% w/w) of T20, 4.00  g (16% w/w) of T80, and 1.00  g 
(4% w/w) of PEG 400 and 18.25 g (73% w/w) of distilled-
deionized water were gently added. The mixture was 
homogenized using a magnetic stirrer (Faithful Huang-
hua SH-4C) at 800 rpm for 60 min [5, 34].

2.2.2  Droplet size and polydispersity index (PDI) 
measurement

The droplet size and PDI of O/W nanoemulsions were 
determined using zetasizer (Malvern Instruments, UK). 
Triplicate measurements were performed using He–Ne 
laser at a wavelength of 633 nm and at a scattering angle 
of 173° at 25 °C).

2.2.3  Drug‑excipient interaction
The degree of crosslinking of the drug-excipient interac-
tion was carried out using Fourier Transform Infrared 
(FTIR) spectroscopy (Schimadzu, Europe) on Cp, SOAB 
and SOAB + Cp by mixing the samples with KBr (Potas-
sium Bromide, Spectroscopy grade), pelletize the mixture 
using hydraulic-press prior subjecting it to scanning.

2.2.4  Morphological characterization
The morphology of the emulsions were determined 
using Cryofixation-Transmission Electron Microscope 
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(Cryo-TEM). Cryo-grids were prepared using a Vitro-
bot (Thermo Fisher (FEI)  Eindhoven, Netherlands). The 
sample (3  μL) was applied to a glow-discharged R2/2 
copper Quantifoil grid (SPI, USA). The vitrified samples 
were stored in liquid nitrogen. While the cryo-samples 
were viewed using a FEI Tecnai F20 transmission elec-
tron microscope (Thermo Fisher (FEI), Eindhoven, 
Netherlands)  with a field emission gun operating at 
200 kV. Microscopy was done and images were recorded 
with a Gatan camera using the Digital Micrograph soft-
ware suite (Gatan, UK).

2.2.5  Inoculums preparation
Each strain of bacteria was prepared overnight at 37 °C. 
The presence of turbidity in broth culture was adjusted 
equivalent to 0.5 McFarland standards to obtain standard 
suspension by adding sterile normal saline in Mueller-
Hilton agar slants. The McFarland 0.5 standard provides 
turbidity comparable to bacterial suspension containing 
1.5 ×  108 CFU/mL and used at different dilutions in the 
proposed evaluation tests.

2.2.6  Determination of antibacterial activities
Antibacterial activities of the drug samples were evalu-
ated by the well plate agar diffusion method using the 
earlier method with modifications [35]. The bacterial 
cultures were adjusted to equal 0.5 McFarland turbidity 
standards and inoculated on nutrient agar plate (diam-
eters 9 cm) by flooding the plate with 1 mL of each of 
the standard test organism, swirled and excess inocu-
lum was carefully decanted. A sterile cork borer was 
used to make wells (6  mm in diameter) on other agar 
plates. The different concentrations of 500, 250, 125, 
62.50, 31.25 mg/mL of the drug, SOAB and SOAB + Cp 
were prepared by dilution method, and the antibacte-
rial activity was determined by measuring the zone of 
inhibition around each well [36]. The MIC of both the 
drug and drug loaded emulsions were determined by 
the tube dilution technique, using a modified method 
[37]. Standardized suspensions which is a loopful of the 
test organism previously diluted to 0.5 McFarland tur-
bidity standard were inoculated into a series of sterile 
tubes nutrient broth containing 250, 125, 62.50, 31.25, 
15.07 and 7.53  mg/mL of Cp and SOAB + Cp respec-
tively. Cross contamination was however prevented. 
The mixture was incubated for 24 h at 37  °C. Thereaf-
ter, the tubes were examined of visible sign of microbial 
growth. The smallest concentration that inhibits the 
growth was taken as the MIC [38]. The MBC is the low-
est concentration of antibiotic agent that kills at least 
99.9% of the organism. MBC of Cp and SOAB + Cp on 

the clinical isolate of Bacillus subtilis was carried out 
according to Doughari method [39]. 0.5 ml of the sam-
ple was removed from those tubes from MIC which did 
not show any visible sign of growth and inoculated on 
sterile Nutrient agar by streaking. The plates were then 
incubated at 37 °C for 24 h. The concentration at which 
no visible growth was seen was however recorded as 
the MBC of both the drug and the drug loaded emul-
sion [38].

2.2.7  Management of animals and experimental design
Ten adult male Wistar rats, weighing between 100 and 
120 g were purchased from the animal breeding unit of 
the Department of Physiology and Pharmacology, Col-
lege of Veterinary Medicine, FUNAAB. All procedures 
for maintenance and sacrifice (care and use) of animals 
were carried out according to the criteria outlined by the 
National Academy of Science published by the National 
Institute of Health [40], and approved by the Ethical 
Committee of the College of Sciences, Federal Univer-
sity of Agriculture, Abeokuta (FUNAAB), Ogun State. 
The animals were humanely handled, kept in plastic sus-
pended cages in a well-ventilated and hygienic rat house 
under suitable conditions of temperature and humidity. 
They were provided with rat pellets (Arojo Feeds), and 
water ad  libitum and subjected to natural photoperiod 
of 12  h light and 12  h dark cycle. They were randomly 
assigned to two groups, I and II containing five (5) ani-
mals each (n = 5).

The animals were acclimatized for two weeks before 
the commencement of the study. Group I animals served 
as control and group II animals were orally administered 
nanoemulsified Sesamum indicum oil (10  mL/kg bw) 
daily for a period of 21 days. After which they were sac-
rificed and blood samples and organs including the heart, 
liver and spleen were collected for analyses.

2.2.8  Biochemical assays
The serum activity of alanine amino transferase (ALT) 
and aspartate amino transferase (AST) was estimated 
spectrophotometrically (Asion, England) by Reitman and 
Frankel method [41] serum total protein and albumin 
levels were analysed using Randox kits (Randox Labora-
tories Limited, England) as described by Tietz [42]. The 
level of globulin was obtained by difference. Whole blood 
haemoglobin concentration was spectrophotmetrically 
(Asion, England) determined by Franco method [43] as 
described in cypress diagnostic Kit (Cypress Diagonistic, 
Belgium).
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2.3  Histopathological analysis
The tissues collected for histopathology retrieved from 
each rat were preserved in buffer 10% formalin solution 
for histopathological processing and examination. The 
fixed tissues were labeled accordingly, dehydrated by 
passing it through ascending grades of ethyl alcohol (70%, 
80%, 90% and 100%) solutions and cleared in xylene solu-
tions baths to remove the alcohol, followed by infiltrating 
it in molten paraffin wax. Paraffin sections of the tissues 
were prepared and cut at 5 or 6 µm thick with a rotary 
microtome and stained with haematoxylin and eosin 
according to Avwioro’s method the tissue sections were 
examined with light microscope [44].

2.4  Dermal irritation test
Skin irritation study involves the thorough evaluation of 
the skin in order to ascertain the safety of chemical sub-
stance, that is, its skin friendliness. The study was car-
ried out in alignment with Organisation for Economic 
Co-operation and Development (OECD) skin irritation/
corrosion test (methods) [45]. Total number of twelve 
(12) adult Wister rats were divided into three (3) groups 
comprising of four (4) rats each. A minimum of seven (7) 
days adaptation was allowed before the commencement 
of the study. Skin preparation was done twenty-four (24) 
hours before the test (dose application), hair on the back 
toward the tail of each rat were closely clipped exposing 
(approximately 6  cm area) of skin. A measured sample 
(0.5 mL) of SOAB and SOAB + Cp were evenly applied to 
a small area (approximately 6  cm square) of the closely 
clipped skin of each rat for four (4) hours exposure 

period, the area of administration were cleaned with wet 
cotton wool to remove any residual test substance. The 
test sites were scored for erythema, blanching, edema 
and ichthyosis at 1 h, 4 h, 24 h, 48 h, 72 h, 7 and 14 days 
post exposure with water (serving as control), SOAB and 
SOAB + Cp. Dermal responses were evaluated in accord-
ance with OECD guideline.

2.5  Statistical analysis
The statistically significant difference between groups 
was analyzed using Independent sample T-test using 
Graph Pad  Prism® (Version 6.04). The level of signifi-
cance was set at p < 0.05. The results are presented as 
mean ± SD.

3  Results
3.1  Conductivity, zeta potential (ZP) and poly‑dispersity 

index (PDI)
The droplet charge, size and shape of an emulsion are 
essential parameters as far as drug targeting and deliv-
ery is concerned, also in cosmetology. These values are 
essential in determining and forecasting the meta-stabil-
ity of an emulsion system which is due to the reduction of 
the interfacialtension between the oil (dispersed phase) 
and the water (dispersant). The results of this study as 
presented in Fig.  1 shows an observable significant dif-
ference at p < 0.05 between the droplet size of SOAB 
(124.3 ± 0.29 nm) and SOAB + Cp, with a mean value of 
244.8 ± 0.3 nm. With both emulsions recording an effec-
tive voltage charge value of 147.4 V [46].

Fig. 1 Conductivity, polydispersity index (PDI), zeta potential of Sesamum indicum oil based nanoemulsion (SOAB) and Ciprofloxacin-loaded 
Sesamum indicum oil based nanoemulsion (SOAB + Cp)
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Fig. 2 FTIR Spectrum of A: Ciprofloxacin B: Sesamum indicum oil based nanoemulsion (SOAB) and Ciprofloxacin-loaded Sesamum indicum oil based 
nanoemulsion (SOAB + Cp)

Fig. 3 The Cryo-TEM micrographs of A: Sesamum indicum oil based nanoemulsion (SOAB) B, C and D: Ciprofloxacin-loaded Sesamum indicum oil 
based nanoemulsion (SOAB + Cp)
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3.2  Drug‑emulsion interaction and morphological 
characterization

The morphological characterization of the emulsion and 
its surface chemistry showing drug-excipient interaction 
were examined by FTIR and Cryo-TEM as presented in 
Figs.  2a and b and 3a–d respectively. The FTIR analysis 
shows the functional groups in the drug (Cp), SOAB; the 
excipient, and the drug-excipient (SOAB + Cp) presented 
in Fig.  2. The spectrum of Cp (Fig.  2a) showed promi-
nent absorption bands of O–H,  CH3 and/or  CH2 and 
C–F with a recorded absorption value range of 3570–
3200, 2925–2845 and 1150–1100   cm−1 respectively. 
Upon comparing the spectra of SOAB and SOAB + Cp, 
a superimposition was noted with an absorption value of 
3427.76   cm−1 suggesting a dimeric O–H group. While 
a prominent absorption band of symmetric  SP

2 and 
asymmetric  SP

3 was recorded at a wavenumber value of 
2924.18 and 2070.17   cm−1 respectively which is charac-
teristic absorption band of aliphatic hydrocarbon. The 

C–C absorption band which characterize Trans C–H 
absorption for out-of-plane bend was noted at a wave 
number value of 1109.11   cm−1 as presented in Fig.  2b. 
The spectrum of SOAB and SOAB + Cp showed a similar 
absorption spectra.

3.3  Antimicrobial study of Cp, SOAB and SOAB + Cp 
on Klebsiella pneumonia and Bacillus subtilis

The comparative bio-potency study of Cp, SOAB and 
SOAB + Cp on Klebsiella pneumonia and Bacillus 
subtilis presented in Fig.  4a–d shows that SOAB does 
not have any antimicrobial effect on both microorgan-
isms’ as shown in Fig. 5a in which ZI value of zero was 
recorded. Considering Cp and SOAB + Cp on Klebsiella 
pneumoniae at concentration range of 500–31.25  mg/
mL of the formulation. It was observed that the mean 
ZI value decreases as the concentration of the for-
mulation decreases. However, a significant differ-
ence was noted in the ZI value of Cp at p < 0.05 when 

Fig. 4 The antimicrobial activities showing the Zones of Inhibition (ZI) of Ciprofloxacin-loaded Sesamum indicum oil based nanoemulsion 
(SOAB + Cp), Ciprofloxacin (Cp); and Sesamum indicum oil based nanoemulsion (SOAB) on A: Klebsiella pneumonia B: Bacillus subtilis; MIC and MBC of 
Cp and SOAB + Cp on C: Klebsiella pneumonia and D: Bacillus subtilis 
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compared to SOAB + Cp in which the SOAB + Cp 
recorded a higher ZI value according to Fig.  4a. This 
suggests that SOAB + Cp has a better antimicrobial 
potency than Cp. Similarly, comparing the mean ZI 
values of both the drug and drug loaded emulsion on 
Bacillus subtilis at p < 0.05. The drug loaded emulsion 
system (SOAB + Cp) recorded a higher ZI values com-
pared to Cp. This shows that SOAB + Cp has higher 

antimicrobial potential than Cp on Bacillus subtilis as 
shown in Fig.  4b. Furthermore, the comparative study 
of both MIC and MBC values of SOAB + Cp and Cp on 
both microbial strains shown in Fig. 4c and d recorded 
a low SOAB + Cp values which shows that the Cp has a 
low antimicrobial potential and less effective compared 
to SOAB + Cp on these bacteria strains.

Fig. 5 Photographs showing the Zones of Inhibition (ZI) of a non-drug loaded Sesamum indicum oil based nanoemulsion (SOAB); b, c, d and e 
Ciprofloxacin-loaded Sesamum indicum oil based nanoemulsion (SOAB + Cp)

Table 1 Effects of Sesamum indicum oil based nanoemulsion on average body weight of the experimental animals

Data are expressed as mean; n = 5

C Control, SOAB Sesamum indicum oil based nanoemulsion; SOAB + Cp Ciprofloxacin-loaded Sesamum indicum oil based nanoemulsion

Conc. (ml/kg) Initial weight Day 1 Day 4 Day 7 Day 10 Day 13 Day 16 Day 19 Day 21

C (kg) Nil 133.25 139.50 150.00 156.75 163.75 169.00 175.75 175.00 177.25

SOAB (kg) 10 130.00 132.75 136.00 139.25 143.00 145.75 148.50 149.50 153.00

SOAB + Cp (kg) 10 132.00 134.00 139.75 142.00 147.25 151.00 154.50 153.00 157.00
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3.4  Toxicity study
The effects of foreign material in the body system may 
results to unhealthy side effects which may include exces-
sive weight gain/loss, damage to soft tissues particularly 
the liver, increased serum activity of enzyme biomarkers. 
Table 1 shows the effects of sesamum indicum oil based 
nanoemulsion on average body weight of the experi-
mental animals. Tables 2 and 3 showed the effect of the 
sesamum indicum oil based nanoemulsion and ciproflox-
acin-loaded formulations on serum biochemistry and 
haematological parameters on treated rats respectively. 

While Fig. 6 presented the visual effects of the emulsions 
both drug loaded and non-drug loaded on the heart, 
spleen, and liver of both the control and treated animals.

Blood-related indices such as total protein level, 
enzyme activity, hematological profile (leucocytes, eryth-
rocytes, neutrophils, and hemoglobin and lymphocyte 
counts) are therefore used as primary pathological reflec-
tors of the health status of humans and animals [47, 48]. 
Leucocytes, neutrophils, lymphocytes and monocytes are 
immunogenic parameters and integral components of the 
body`s defense mechanism against invasive pathogenic 
substances. However, if the invasive substance is persis-
tently toxic, there is a subsequent decrease in the levels 
of these molecules in circulation via a process described 
as immunological suppression, leading to severe compro-
mise in the normal physiological functions of the body 
system. This phenomenon increases the susceptibility of 
the affected organism to other toxins and pathogens with 
a possible attendant mortality. Furthermore, total plasma 
protein which is a sum of albumin and globulin plays vital 
roles in the effective functioning of the body’s system. 
Hence, it is expedient that its plasma concentration exists 
within certain clinically defined range. Marked deviations 
from this physiological concentration range could trigger 
unhealthy metabolic state of the organism in question. 
The effect of the vehicle on blood related parameters are 
presented in Tables  2 and 3. Furthermore, SOAB and 
SOAB + Cp as observed in this study did not cause any 
significant and negative alterations in the hematological 
indices of the treated animals. Rather, administration of 
the nanomaterial boosted the leucocytes, hemoglobin 
and erythrocytes counts as well as the packed cell volume 
(PCV). An observable slight increase in hemoglobin and 
erythrocytes associated with of the treated animal when 
compared to the control in which a recorded mean value 
of 14.10 ± 1.74, 17.20 ± 0.25 and 15.40 ± 0.59% at p < 0.05 
in control, SOAB and SOAB + Cp respectively. Further-
more, the increase in leucocytes and neutrophils count 
in rats after a period of 21 day administration of the test 
(SOAB and SOAB + Cp) samples when compared with 
the control animals recorded a mean higher value as pre-
sented in Table  2. The photomicrographs of the tissues 
presented in this study indicate that administration of 
SOAB to rats did not cause any notable structural aberra-
tion in the liver as substantiated by the photomicrograph 
of the treated animals (Fig. 6E) compared to the control 
counterparts (Fig. 6F).

3.5  Skin irritation study
Dermal compatibility of SOAB and SOAB + Cp as a 
potential vehicle for transdermal delivery of biomol-
ecules was evaluated based on OECD guideline and the 

Table 2 The serum biochemistry Sesamum indicum oil based 
nanoemulsion and ciprofloxacin-loaded formulations

Data are the mean of three replicates (n = 3): mean ± SD

*Shows significant difference at p < 0.05 for each experimental groups compared 
to the control group

Parameters Control SOAB SOAB + Cp

Total protein (g/dl) 5.33 ± 0.67 5.05 ± 0.13 5.40 ± 0.16

Albumin (g/dl) 2.98 ± 0.10 3.13 ± 0.22 2.98 ± 0.22

Globulin (g/dl) 2.28 ± 0.75 1.78 ± 0.17 2.73 ± 0.39

T. Bilirubin (mg/dl) 0.65 ± 0.84 0.28 ± 0.15 0.80 ± 0.34

Urea (mg/dl) 7.75 ± 0.19 7.43 ± 0.29* 9.43 ± 0.56*

AST (U/L) 41.50 ± 6.46 47.00 ± 2.58* 57.75 ± 5.56*

ALT (U/L) 20.75 ± 3.30 27.25 ± 0.50 25.00 ± 3.65

ALP (U/L) 48.50 ± 19.64 69.50 ± 1.29* 66.50 ± 3.11*

Table 3 Effects of Sesamum indicum oil based nanoemulsion 
and ciprfloxacin-loaded system on haematological parameters 
on treated rats

Data are expressed as Mean ± SD

Hb hemoglobin; HCT hematocrit; PCV packed cell volume; RBC red blood cell; 
MCV mean corpuscular volume; MCH mean corpuscular hemoglobin; MCHC 
mean corpuscular hemoglobin concentration; WBC white blood cell; SOAB 
Sesamum indicum oil based nanoemulsion; SOAB + Cp Ciprofloxacin-loaded 
Sesamum indicum oil based nanoemulsion

*Values are statistically different at p < 0.05 for each experimental groups 
compared to the control group

Parameters Control SOAB SOAB + Cp

PCV (%) 45.00 ± 2.94 52.00 ± 2.58* 49.50 ± 2.18*

Hb (g/dl) 14.10 ± 1.74 17.20 ± 0.25 15.40 ± 0.59

RBC ×  1012/L 8.08 ± 0.92 8.65 ± 0.31 8.30 ± 0.26

WBC ×  109/L 5.65 ± 1.10 8.90 ± 0.26* 7.85 ± 2.02*

Neutrophils (%) 29.50 ± 9.26 39.50 ± 2.08* 34.50 ± 3.11

Lymphocytes (%) 67.50 ± 9.26 58.75 ± 1.71* 63.50 ± 2.08

Eosinophils (%) 0.50 ± 0.58 0.25 ± 0.50* 0.50 ± 0.58*

Monocytes (%) 1.50 ± 0.58 0.25 ± 0.50* 0.50 ± 0.58*

Basophils (%) 1.00 ± 0.00 1.00 ± 0.00 1.00 ± 0.00

MCV (f/L) 56.06 ± 4.39 60.09 ± 0.85 59.62 ± 0.71

MCH (pg) 17.58 ± 2.32 19.90 ± 0.42 18.56 ± 0.22

MCHC(g/dl) 31.28 ± 2.42 33.12 ± 1.15 31.12 ± 0.50
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morphology of the portion treated with the emulsions 
vis-à-vis the control is presented in Fig. 7a–f after 14 days 
post administration. The result of the study shows that 
the integrity of the morphology of the skin was not 

jeopardized signifying no visible irritation (erythema, 
edema, ichthyosis, and blanching) or balding after appli-
cation of SOAB and SOAB + Cp for 14  days on the rat 
skin.

Fig. 6 Sections of the heart from control (A) showing normal myofibers and treated (B) rats shows an inflamed nucleated portion (blue arrow); 
Sections of the spleen from control (C) rats appearing normal and that from treated rats (D) showing severe congestion of the red pulp (white 
arrow); Sections of the Liver from control (E) and treated (F) rats of the liver appearing apparently normal
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4  Discussion
The droplet charge, size, shape and PDI values of an 
emulsion are essential parameters that determines its 
probable application for drug targeting and delivery, and 
cosmetology. These parameters; size and charge, has 
been earlier reported to be responsible for electropora-
tion of nanoemulsion vis-à-vis nanoparticle by provid-
ing the required electric field strength for the emulsion 
to effectively permeates through the keratinized lipid 
layered cell; transcorneocyte of the skin [49, 50]. Further-
more, PDI measures the dispersibility of an emulsion, its 
value ranges from 0 to 1. So, the recorded low PDI values 
in this study shows that the emulsions are roughly mono-
dispersed. While ZP shows that the emulsions are nega-
tively charged, which is as a result of PEGylation, due to 
PEG 400; a negatively charged stabilizing component of 
the emulsion system [51]. These properties fosters rapid 
permeation rate, enhance cellular uptake, opsonization 
and phagocytosis of nanomaterials in the living cells as 
well as massive removal by fixed macrophage [34, 49].

The FTIR analysis shows that there is no drug-excipient 
interaction (cross-linking) between the encapsulated Cp 
and SOAB. This suggests an effective encapsulation of the 
drug by the emulsion system with SOAB serving as a suit-
able reservoir. More so, studies have shown that nanoma-
terial with spherical morphology have been reported to 
show higher metastability, with an improved rate of cell 
permeation. Cryo-TEM micrographs of the emulsions; 
SOAB and SOAB+Cp in this study showed a spherical 
morphology. This corroborates the recorded value of the 

emulsion droplet size, PDI and effective voltage charge 
(EFC) as reported by Ajay [49] that an emulsion with EFS 
value more than 100 V tend to be more stable.

It has been reported that charged surface enhances 
rapid cellular uptake [52–54] also lipid-layered surface 
facilitates attraction between the lipid-layered cell mem-
branes of bacterium cell and the colloidal system [7, 50]. 
This thereby suggests that the improved therapeutic 
characteristic of the encapsulated Cp in SOAB system; 
SOAB + Cp could be due to surface modification- charge, 
shape and size- of the encapsulated drug in the emul-
sion phase. Therefore, this enhanced the penetration and 
permeation rate of the drug-carrying-emulsions thereby 
facilitating opsonization and phagocytosis thus lead-
ing to the cell lysis of the bacterium cell treated with 
SOAB + Cp [1, 6]. This is in accordance to the study of 
Bamisaye et al. [34] on E. coli and Al-Adham et al. [21].

Furthermore, some of the unhealthy side effects of 
drug or drug-vehicles include excessive weight gain/loss, 
which may result to a damage to soft tissues particularly 
the liver [48, 51]. Also, this could results to an increased 
serum activity of enzyme markers such as ALT, AST and 
ALP. High levels of bilirubin and urea, as well as marked 
decrease in white blood cells and hemoglobin content 
due to lyses of red blood cells are a pointer to certain 
instability or disturbance to the proper functionality of 
the body internal system [55, 56]. In the present study, 
treatment of animals with SOAB and SOAB + Cp did not 
cause any weight loss or excessive weight gain in the test 
animals. The control rat, though showed relatively higher 

Fig. 7 a, c and e: are the pre-treatment at 0 day while b, d and f are the post-treatment of control, Sesamum indicum oil based nanoemulsion 
(SOAB) and Ciprofloxacin-loaded Sesamum indicum oil based nanoemulsion (SOAB + Cp) after 14 days of treatment
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body weight gain, this however did not differ significantly 
from the recorded weight values in the test animals, 
which is SOAB and SOAB + Cp. This observation suggest 
that the use of nanoemulsified Sesamum indicum oil and 
its drug loaded counterpart as a vehicle does not have the 
propensity to interfere with nutrient absorption and utili-
zation, factors which are evidently critical to body weight 
gain or loss.

The hematological parameters shows that SOAB and 
SOAB + Cp did not cause any significant and negative 
alterations in the hematological indices of the treated 
animals. Rather, administration of the nanomaterial 
boosted the leucocytes, hemoglobin and erythrocytes 
counts as well as the packed cell volume (PCV). An 
observable slight increase in hemoglobin and erythro-
cytes associated with the treated animal when compared 
to the control could be ascribed to some level of erythro-
poietic effects to the nanoemulsions as well as the ability 
to promote oxygen-carrying capacity of blood in organ-
isms. The trend observed in the haemoglobin parameter 
is also noted in the RBC value, in which SOAB recorded 
the highest mean RBC value compared to the control 
and SOAB + Cp. Since iron is a vital precursor in the for-
mation of hemoglobin which in turn is required for red 
blood cells production and function (oxygen binding or 
distribution). It is suggested that SOAB is rich in iron. 
This postulation is consistent with previous opinions that 
the blood system of animals may improve in their iron 
content and oxygen-carrying capacity following treat-
ment with certain substances [56–58].

The observable significant difference in the leuco-
cytes and neutrophils at p < 0.05 between the control 
and treated animals could probably be due to a triggered 
immune response following a prolonged exposure of the 
animals to the foreign substance. Treatment of rats with 
SOAB and SOAB + Cp in the present study did not cause 
any obvious alterations in the physiological levels of total 
protein, globulin and albumin in the test animals com-
pared to those of their control counterparts. This obser-
vation further attests to the apparent safety of SOAB as a 
potential vehicle for drug delivery and targeting. More-
over, the liver is arguably the most susceptible among 
the vital organs in the body [4]. During hepatic metabo-
lism, toxic substances and free radicals capable of caus-
ing structural damage to the liver are readily generated, 
resulting to the leakage of ALT, AST and ALP from the 
cytosol of the hepatocytes into circulation [4, 59]. These 
enzymes, particularly ALT and AST are clinical mark-
ers of liver function. Furthermore, ALP is a clinical index 
which is not peculiar to the liver but also associated 
with several other organs, including the spleen [60]. The 
increase in the levels of ALP noted in the test animals is 
however a cause for concern. This may be connected to 

the severe congestion noted in the pulp of the spleen of 
these animals. It is attributable to mild obstruction of the 
biliary duct in effort of the body to get rid of the metabo-
lized SOAB [61]. The congestion in the biliary duct pos-
sibly occurred due to prolonged administration of the 
nanoemulsion. However, it should not be a major con-
cern; since in any case the use of vehicles in drug delivery 
and targeting does not require a prolonged administra-
tion as employed in this study.

Erythema is the redness of the skin caused by hypere-
mia of superficial capillaries [62]. Edema means, swelling 
caused by fluid in the body tissue, Ichthyosis is the scal-
ing of the skin while blanching is whitening of the skin in 
response to chemical substances. The transdermal toxic-
ity result of this study was evaluated based on the OECD 
guideline in which no reaction = 0, very slight reaction 
(barely perceptible) = 1, well defined reaction = 2, Mod-
erate to severe reaction = 3 and severe reaction = 4 [45]. 
Draize et  al. [63] reported that biomolecules or com-
pounds producing scores less than 2 are considered 
negative, which is, no skin irritation which was modi-
fied by Ramanunny et al. [64]. The result of this study is 
in accordance with the work of Harwansh [65]. However, 
it is suggested that the formulations are not toxic to the 
skin of Wistar rat based on OECD scale [45].

Generally, the major limitation associated with colloi-
dal systems as earlier reported is, instability [66, 67]. This 
could be due to Ostwald ripening, creaming, agglom-
eration, sedimentation and breaking owing to irregular 
morphology (size and shape) of the organic phase of the 
colloidal system which could either be monodispersed or 
polydispersed in nature. This phenomenon is shown by 
PDI value at a range of 0–1 as earlier stated. However, the 
PDI value, size, shape and charge of the emulsion pro-
duced in this study shows a stable nanoemulsion system 
with the potential to serve as a vehicle for biomolecule 
encapsulation and effective delivery.

5  Conclusion
The study shows that sesame oil based nanoemulsion 
and its drug loaded counterpart recorded a low PDI val-
ues which suggests high stability, a negatively charged 
surface with spherical morphology in nanometer range 
which have the propensity to enhance the penetration 
and permeation rate of the encapsulates through the 
cell membranes of a bacterium cell due to rapid cellular 
uptake. The ciprofloxacin loaded emulsion shows bet-
ter antimicrobial potentials compared to the drug alone 
with an increase in ZI, and low MIC and MBC on Kleb-
siella pneumoniae and Bacillus subtilis respectively. 
Furthermore, the investigated dosage (10  mL/kg bw) of 
SOAB and SOAB + Cp has no cardiotoxic, hematotoxic 
and hepatotoxic effects on Wistar rats. However, its 
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induced-congestion in the spleen pulp remains a slight 
cause for concern if it were to be used in chronic admin-
istration. While the skin irritation evaluations shows that 
the emulsions, both the drug and non-drug loaded are 
skin friendly without any irritating effect on the skin of 
Wistar rats. The findings of this work shows that the for-
mulations has an encapsulating potential thus making it 
suitable candidate for oral, transdermal and particularly 
dermal delivery of drugs. Albeit, further study is neces-
sary in order to determine the pharmacodynamics and 
transdermo-pharmaceutic potential of the encapsulated 
drug in the living system.
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