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ABSTRACT 
Rifampicin (RIF) is a first-line antitubercular (anti-Tb) drug despite its decreased oral bioavailability and remarkable 
hepatotoxicity owing to its poor aqueous solubility. A coconut oil-based RIF-loaded self-nanoemulsifying drug delivery 
system (RF1) was developed beforehand to resolve the solubility issue. This work aimed to appraise the pharmacokinetic 
(PK) profiles and safety properties of RF1 for future endeavors. The comparative PK and safety profiles of pure RIF and 
the RF1 formulation were elucidated after oral administration to Wistar rats. In the PK study, blood sample was collected at 
definite time intervals from experimentally grouped animals orally administered raw RIF or RF1 at dose of 50 mg/kg body 
weight (b.w.). For the safety study, pure RIF and formulated RF1 were administered consecutively for fourteen days, dosed 
50 and 125 mg/kg b.w. Twenty-four hours after final dose, the blood, liver, and kidney samples were amassed for 
biochemical analysis and histological characterization. RF1 revealed a 1.5-fold greater relative bioavailability (F) and a 
1.4-fold greater Cmax within 30 min (Tmax) than did raw RIF, resulting in an improved AUC0-480 of RF1, with a comparable 
mean residence time and elimination half-life of the drug, indicating its potential pharmacological efficacy. Moreover, the 
in vivo safety evaluation revealed RF1 as innocuous as pure RIF, as characterized by liver and kidney markers and 
corresponding histological observations. Based on the findings from PK and safety studies, the SNEDDS of RIF might be a 
potential alternative for delivering rifampicin orally and may improve bioavailability while minimizing toxicity. 
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INTRODUCTION 
Mycobacterium tuberculosis (Mtb) is the principal 
malefactor triggering airborne and highly contagious 
disease tuberculosis (TB). From the first discovery to date, 
TB is considered one of the top 10 deadliest infectious 
illnesses that lead to morbidity and mortality, especially in 
developing and under-developing countries. Moreover, 
multidrug-resistant TB has emerged as an alarming threat 
globally.1-3 In contrast, only a limited number of drugs are 
available to effectively treat TB. The first-choice anti-TB 
drugs recommended by the WHO are rifampicin (RIF), 
isoniazid, pyrazinamide, and ethambutol.4,5 Among these, 
RIF, the lead representative for combating TB, is a BCS-II 
drug associated with several therapeutic limitations due to 
poor aqueous solubility. Some studies have designated RIF 
as a BCS-IV drug because of its poor membrane 
permeability also.6 In this context, researchers' foremost 
obligation is to increase the RIF’s solubility and 
dissolution through various innovative formulation tactics. 

Numerous approaches, such as mucoadhesive rectal gels, 
liposomes, inclusion complexes, microspheres, 
nanocomposites, nanoparticles, and microparticles, have 
been reported to overcome the limited solubility issues 
associated with RIF. Among these approaches, 
nanoparticle-mediated oral delivery has gained 
considerable attention because of its ability to lift solubility 
and oral bioavailability, meanwhile reducing toxicity.7-23 In 
addition, lipid-based self-nanoemulsifying drug delivery 
systems (SNEDDS) have focused on improved oral 
bioavailability, diminished plasma profile swings, and 
formulation adaptability with a broad-spectrum drug 
delivery method. The carriers that modify hydrophobic 
drugs such as SNEDDS are numerous natural, synthetic, 
and semisynthetic oils/lipids. Among these, natural 
vegetable oils are promising because of their ease of 
absorption, digestion, metabolism, and elimination. In 
addition, these oils are widely used as regular dietary 
components.24-29 Despite this, pharmaceutical scientists 
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have focused on presenting RIF through SNEDDS utilizing 
synthetic and semisynthetic oils/lipids only. 
In some cases, natural oils, e.g., castor oil has been used 
for this purpose.30-32 Coconut oil (CO), a common 
vegetable oil, has been used in Nigeria to treat TB.33 The 
authors presumed that RIF, in combination with CO, 
would synergistically improve tuberculostatic activity 
through enhanced solubility. 
Our previous study reported that the formulation of RIF-
SNEDDS using CO resulted in faster and absolute drug 
release than did pure RIF. In addition, this formulation 
rapidly provided the in vitro minimum inhibitory 
concentration (MIC) for tuberculostatic activity within 30 
min. In contrast, pure RIF failed throughout the entire 
study period (120 min), confirming the advantages of this 
newly developed formulation in terms of its drug release 
profile and in vitro MIC values.34 However, it is necessary 
to investigate the pharmacokinetic and safety properties of 
this formulation before it can be used in clinical studies. 
Therefore, our study aimed to evaluate the 
pharmacokinetic parameters and in vivo safety markers of 
RIF-SNEDDS compared with those of pure RIF in a 
Wistar rat model. 
 
MATERIALS AND METHODS 
Materials 
Novartis (Bangladesh) Limited kindly gifted rifampicin 
(Batch no: B625174). Acetonitrile (ACT), methanol 
(MET), and formic acid (FA) were LC-MS rating 
(purity>99.9%) and procured from Honeywell (Germany), 
and carboxymethyl cellulose sodium (CMC-Na) was 
purchased from Merck KGaA (Germany). Commercial kits 
to quantify serum glutamic pyruvic transaminase (SGPT), 
serum bilirubin (SBR), serum creatinine (SCr), total 
cholesterol (TC), and serum glutamic oxaloacetic 

transaminase (SGOT) were purchased from Elzzad 
Biosystem Pte Ltd. (Singapore) and Labkit (Barcelona, 
Spain), respectively. Every other chemical and reagent we 
used in our study was of LC-MS quality. 
 
Preparation and in vitro evaluation of RIF-loaded 
SNEDDS (RFs) 
In our previous work, a total of eighteen different 
formulations were developed.34 However, we have focused 
specifically on three formulations. These were carefully 
selected and modified by varying the concentration to 
evaluate their performance as nano formulations. The 
primary objective was to investigate how different levels of 
coconut oil influenced the physicochemical characteristics, 
stability, and efficacy of the formulations. Through 
comprehensive analysis and comparative assessment, we 
were able to identify and optimize the most effective 
formulation among the three, demonstrating its potential 
for further in vivo development and application.  
Briefly, the method involved the mixing of coconut oil, 
polysorbate-80, and ethanol at various weight ratios (Table 
1) at 2400 rpm via a magnetic stirrer (78-1 Magnetic 
Stirrer Hotplate, China). The oil phase was then dispersed 
in water and evaluated visually to ensure clarity, 
homogeneity, and self-emulsification attributes. RIF was 
loaded into the transparent and homogeneous emulsion at a 
RIF: oil phase=1:100 ratio by mixing with a vortex 
(VIBROMIX 10, Slovenia) at 2850 rpm. The formulation 
RF1, under this study, was optimized on the basis of the 
drug release profile, size and morphology of globules, 
polydispersity index, zeta potential analysis, and in vitro 
tuberculostatic activity using minimum inhibitory 
concentration determination (MIC) against RIF-sensitive 
Mtb strains (ID1 and ID2).34 

 
Table 1: Composition of various oil phases nanoemulsion.34 

Formulation 
Coconut oil 
(% weight) 

Polysorbate-80 
(% weight) 

Ethanol 
(% weight) 

Total 
(% weight) 

NE1* 50 50 - 100 
NE2 50 40 10 100 
NE3 50 30 20 100 

*Hereafter denoted as RF1 and subjected to in vivo evaluation 

In vivo study of RIF-loaded SNEDDS (RF1) 
Experimental animals  
Thirty-five female Wistar rats (aged 8 weeks; weight: 180-
220 g) were amassed from the Department of Pharmacy, 
Jahangirnagar University, Savar, Dhaka, and housed in the 
animal care centre of the Department of Pharmacy, 
University of Rajshahi, for 2 weeks before the 
commencement of study. The animals were supplied with 

standard food and liquid ad libitum for rodents. The animal 
care centre temperature was kept at 25±2˚C with a 12-hour 
cycle of light and dark throughout the study. Wistar rats 
were randomized by simple randomization method using 
random number generator to minimize bias. The animal 
study was performed following an approved protocol 
(Serial no.: 0008, date of approval: 21 November, 2024) by 
the Institutional Animal, Medical Ethics, Biosafety, and 
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Biosecurity Committee (IAMEBBC) of the Institute of 
Biological Sciences (IBSc), University of Rajshahi, based 
on the principle of the World Medical Association (WMA) 
Declaration of Helsinki. The Committee’s approved 
document’s Memo No. is 176/320(61)/IAMEBBC/IBSc). 
Analytical method  
To quantify plasma RIF concentration, we developed a 
method using an LC-MS/MS (SCIEX, Triple Quad 7500) 
system.35 The LC arrangement used in this study was fitted 
with a C-18 column (Kinetex, 150×2.1 mm, 2.6 µm). We 
used a mobile phase consisting of ACT containing 0.1% 
v/v FA and 10 mM Ammonium Acetate buffer (pH 5) for 
the chromatographic separation. For complete elution, each 
sample was run for 7 min at a flow rate of 0.4 ml/min, 
having an injection volume of 10 μl. The gradient 
throughout the run was 5% ACT from 0 to 1.5 min, 
increasing to 98% ACT from 1.5 to 5.1 min, and finally 
reverting to 5% ACT from 5.1 to 7 min. For the validation 
of the method, we constructed a standardization curve 
using a concentration range of 0.2-10 μg/mL of pure RIF 
spiked with blank plasma that showed the linearity value 
R2 = 0.9997. 
Pharmacokinetic study of RF1  
The acclimatized rats were split into two groups, each 
containing five (Table 2). After overnight fasting (12 h), a 
single dose of pure RIF or engineered RF1 (50 mg/kg b.w.) 
was orally administered to each rat.36 Following 
pentobarbital (30 mg/kg, i.p.) anesthesia, blood sample 
(200 μl) was collected from the tail vein of each 
experimental rat in heparinized tubes at 0, 5, 15, 30, 60, 
120, 240, and 480 min, and instantly centrifuged at 5000×g 
(Centurion, UK) for 10 min to isolate the plasma.37 
Specifically, 50 μl plasma was taken to eppendorf tube, to 
which 450 μl of ACT was added, followed by vortexed 

instantly for 10 sec, allowing protein precipitation and 
centrifuged for 5 min at 5000×g. The collected supernatant 
was filtered by a 0.2 μm nylon filter and transferred into 
the sample vial to estimate the plasma concentration of RIF 
via LC-MS/MS.  
The PK parameters, i.e., peak plasma concentration (Cmax), 
time to reach peak concentration (Tmax), area under the 
curve (AUC0-480), plasma half-life (T½), mean residence 
time (MRT), and relative bioavailability (F), were 
determined via PK Solver 2.0, an add-in program in 
Microsoft Excel.38 

 
Safety evaluation of RF1  
The rats were split into five groups, with five rats in each. 
They were subjected to the specified doses (50 mg/kg b.w. 
and 125 mg/kg b.w.) of pure RIF, RF1, or vehicle only (as 
mentioned in Table 2) for 14 consecutive days.36,39,40 
Twenty-four hours after the last dose, following 
pentobarbital (30 mg/kg, i.p.) anesthesia,37 blood sample 
was taken from the jugular vein of rat in premixed clot 
activator tubes. The blood was centrifugated for 10 min at 
5000×g, and plasma was collected for biochemical analysis 
(SGPT, SGOT, SBR, SCr, and TC) immediately via a 
HumaLyzer 3000 (HUMAN). 
Liver and kidney were collected and preserved in buffered 
formalin (10% v/v formalin solution with citrate buffer at 
pH 7.0). Fixed sections of the organs were cut to a 5 µm 
thickness. Following p-xylene deparaffinization, the tissue 
sections were rehydrated using varying isopropanol 
concentrations (descending grade) and washed with 
running water. The slide was stained with hematoxylin, 
counterstained with eosin, cover-slipped, and examined 
under a microscope fitted with a digital camera.41 

 
Table 2: Grouping of rats for in vivo experiments (pharmacokinetic and safety assessment). 

Features Group Dose administered 
PK study RIF Pure RIF 50 mg/kg b.w. (single dose) 

RF1 RF1 equivalent to pure RIF 50 mg/kg b. w. (single dose) 
Safety 
evaluation 

NC Vehicle only (once daily for 14 days) 
RIF-L Pure RIF 50 mg/kg b. w. (once daily for 14 days) 
RIF-H Pure RIF 125 mg/kg b. w. (once daily for 14 days) 
RF1-L RF1 equivalent to pure RIF 50 mg/kg b. w. (once daily for 14 days) 
RF1-H RF1 equivalent to pure RIF 125 mg/kg b. w. (once daily for 14 days) 

 
Statistical analysis 
Microsoft Excel-2024 and Graph Pad Prism (San Diego, 
CA; 10.2.2) were used to analyze the data and construct the 
graphs. The values are the means with standard error mean 
(S.E.M). A one-way ANOVA followed by Tukey’s post-
hoc test were employed to compare the differences among 
groups. In contrast, two groups were differentiated via 

Student’s t-test. The p-value of 0.05 or lower was deemed 
significant statistically. 
 
RESULTS AND DISCUSSION 
In vitro evaluation of RIF-loaded SNEDDS (RF1) 
RF1 was identified as a type B emulsion based on visual 
observations. It exhibited a 6.2-fold increase in drug 
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release in vitro at 5 min compared to pure RIF. The 
average size of globules was 230.2 ± 33.2 nm, and the zeta 
potential was -79.2 mV, indicating a stable RIF-loaded 
SNEDDS. Furthermore, the polydispersity index was 
0.768, and transmission electron microscopy analysis 
(Figure 1) confirmed the homogeneous dispersion of the 
formulation. A tuberculostatic activity study was 
performed against two species, ID1 (MIC 1.0 μg/ml) and 
ID2 (MIC 0.5 μg/ml), of Mtb. The dissolution samples of 
pure RIF showed no time-dependent inhibition of growth 
in the aforesaid Mtb species till 120 min, while RF1 
demonstrated inhibition at 30 and 45 min, respectively.34 

 

Figure 1: Transmission Electron Microscopic images of 
RF1. 

In vivo pharmacokinetic (PK) study 
The in vivo PK markers assess a drug's absorption, 
distribution, and elimination pattern when released from a 
specific dosage form. Hence, a steadfast approach is 
required to determine the relationship betwixt in vitro 
release and in vivo PK properties of drugs. As a new 
formulation, RF1 was developed with improved in vitro 
drug release properties, as shown in our previous report, 
and a PK study of this formulation was performed in 
comparison with that of pure RIF. The values of various 
PK parameters for the RIF and RF1 groups are presented in 
Table 3. In addition, Figure 2 displays the comparative PK 
profiles constructed with the plasma drug concentration 
versus time. 
 

 
Figure 2: Plasma concentration-time profiles of rifampicin in rats following oral administration of a single dose of 50.0 

mg/kg pure rifampicin in the RIF (closed circles) and RF1 (triangles). The results are presented as the mean ± S.E.M. (n = 
5). 

 
Table 3: Pharmacokinetic parameters of rifampicin after a single oral administration of pure RIF or RF1 formulation in the 

Wistar rat model. The results are presented as the mean ± S.E.M. (n = 5). 

!"
#$
%
#F'

()
'*F
(+
F,
-.F
I0
12
%
"3

45%6 I%5)3

!

"

#

$

%

! &"! "#! '$! #%!

(F*

(*&



Page: 295  

IJDDT, Volume 16 Issue 9s, 2026  

Coconut Oil-based SNEDDS Loaded with Rifampicin Improves Oral Bioavailability and Drug Safety 
 

 
 

PK parameters RIF Group RF1 Group 
Cmax (μg/mL) 4.56±0.08 6.49±0.11 
AUC0-480 (μg.min/mL) 829.96±30.37 1272.21±25.37 
Tmax (min) 30 30 
T1/2 (min) 206.31±9.30 185.24±3.98 
MRT (min) 330.80±16.10 274.71±2.24 
Kel (min-1) 0.0033 0.0037 
F 1.0 1.5 

 
In the RF1 group, the peak plasma concentration (Cmax) of 
RIF was improved by 1.4-fold compared with that in the 
RIF group, indicating enhanced absorption followed by 
rapid onset of pharmacological action. According to the 
results of the noncompartmental analysis, the AUC0-480 
values obtained from the RF1 group revealed a 1.5-fold 
greater bioavailability than did those of the RIF group, 
confirming their relative bioavailability (F values). 
This significant (p<0.05) improvement in bioavailability 
by RF1 may be due to the formation of nanometric 
globules via the self-nanoemulsification technique, 
resulting in faster dissolution and accelerated permeability 
of RIF.31,32,36,38,42 
These modifications in Cmax and AUC0-480 are worthy of 

previously developed formulations, such as RIF-loaded 
microspheres and nanoparticles.43,44 T1/2 and MRT of RF1 
were optimal, as shown in Table 3, which provided its 
greater margin of safety and efficacy. 

 
Biochemical analysis of organ markers 
As the liver is a vital organ for the metabolism of RIF, 
liver toxicity is one of the key drawbacks of this drug. 
Previous reports have indicated a certain degree of 
hepatotoxicity and nephrotoxicity associated with RIF 
therapy.45,46,47 As a result, ensuring the safety of our new 
formulation became essential. This study analyzed the 
comparative impact of RF1 and RIF on SGPT, SGOT, 
SBR, SCr, and TC as detailed in Table 4.  

 
Table 4: Biochemical parameters of the treated groups after dosing for 14 consecutive days. The results are presented as 

the mean ± S.E.M. (n = 5). 
Groups SGPT (U/L) SGOT (U/L) SBR (mg/dL) SCr (mg/dL) TC (mg/dL) 
NC 18.50±4.43 15.00±0.63 0.75±0.03 0.50±0.00 218.50±2.84 
RIF-L 58.50±11.07** 32.50±6.01* 1.55±0.03*** 0.40±0.00 226.50±6.32 
RIF-H 59.00±6.7** 33.50±1.57* 1.40±0.04*** 0.40±0.04 208.50±4.25 
RF1-L 51.00±7.59 32.50±2.84* 0.90±0.06 0.50±0.06 224.50±4.74 
RF1-H 60.67±6.39** 39.67±5.18** 1.43±0.11***   0.47±0.03 215.00±14.96 

*p≤0.05 vs NC; **p≤0.01 vs NC; ***p≤0.0001 vs NC; #p≤0.05 vs RIF-L; ##p≤0.01 vs RIF-L; ###p≤0.0001 vs RIF-L; @p≤0.05 vs RIF-H; @@p≤0.01 vs RIF-H; @@@p≤0.0001 vs RIF-H. 

Administration of RIF and RF1 at low and high doses for 
14 consecutive days, increased SGPT significantly 
(p≤0.01) in the RIF-L, RIF-H, and RF1-H groups in 
compared to that of NC group. However, lower SGPT 
level was observed in RF1-L treated group than that of RIF 
groups. In addition, all the treated groups presented 
significant increase of SGOT levels compared to NC 
group. A significant increase in SBR was observed in RIF-
L (p≤0.0001), RIF-H (p≤0.0001), and RF1-H (p≤0.0001) 
groups except in RF1-L, which was concordant with that of 
SGPT data, suggesting that hepatic injury caused by the 
formulation (RF1) would be less accountable than that of 
RIF groups. 
SCr is one of the key markers of kidney function.48 SCr 
levels in experimental groups such as RIF-L (0.40 mg/dL), 
RIF-H (0.40 mg/dL), RF1-L (0.50 mg/dL), and RF1-H 
(0.47 mg/dL) did not significantly differ from that of NC 
group (0.50 mg/dL) suggesting that the formulation RF1 

would keep away from nephrotoxicity. 
 
Histological studies of the liver and kidneys 
Liver tissues of NC group appeared normal cellular 
histology with well-defined hepatocytes (Figure 3A(i)). In 
contrast, the hepatocytes in RIF-treated groups (Figure 3A 
(ii & iii)) presented various abnormalities, including 
swelling and mild inflammation. Similar observation was 
also reported earlier that RIF therapy notably impacts on 
the development of liver toxicity.7,47,49 Besides, the 
morphology of hepatocytes in RF1 treated groups (Figure 
3A (iv & v)) was observed similar to that of NC group 
indicating the formulation RF1 being safer than pure drug.  
The histological analysis of kidneys (Figure 3B) across all 
treatment groups revealed no cellular or morphological 
abnormalities, confirming the safety of the RIF-loaded 
SNEDDS formulation regarding nephritic alterations. 
Therefore, as noted in previous studies decreasing the 
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dosage of RIF may be an approach.36,50  
 
Estimation of total cholesterol levels 
The serum TC level was measured as an extra safety 
indicator for RF1 formulated with CO. At the end of 
treatment, TC level did not significantly vary between the 
treatment and NC groups (Table 4). The results were 

concordant with the liver histology, revealing no signs of 
lipid accumulation (Figure 3A (iv-v)). Thus, the possibility 
of abnormalities can be overcome in long-term treatment 
with the proposed formulation RF1. Also, CO is regarded 
as FDA-approved “Generally Recognized as Safe 
(GRAS)” and a pharmaceutical excipient showing a 
negligible risk of accumulating as a fatty mass.25, 51-54 

 

 
Figure 3: Histology of liver (3A) and kidney (3B) tissues of experimental rats. Tissues were stained with hematoxylin and 

eosin, viewed under a light microscope (Olympus IX71, Japan) with 10× magnification connected to a computer. The 
representative photographs are: (i) NC group received vehicle only; (ii) RIF-L group received 50 mg/kg pure RIF; (iii) RIF-

H group received 125 mg/kg pure RIF; (iv) RF1-L group received the nanoemulsion eqv. to 50 mg/kg RIF; (v) RF1-H 
group received the nanoemulsion eqv. to RIF 125 mg/kg body weight daily. The scale bar represents 100 µm. 

 
 
CONCLUSIONS 
Our study aimed to overcome the main drawbacks, e.g., 
inadequate bioavailability and hepatotoxicity resulting 
from the poor aqueous solubility of rifampicin, the 
principal antituberculosis agent. The proposed self-
nanoemulsifying drug delivery system has proven 
beneficial over other formulation techniques to overcome 
solubility issues with this simple and commercially 
economic scale-up technique. In this investigation, an 
SNEDDS loaded with RIF was formulated using coconut 
oil, a common and inexpensive natural vegetable oil. The 

outcomes led us to different assumptions, including the 
enhanced absorption and relative bioavailability of RIF 
compared with those of pure RIF, without altering drug-
related toxicity. Overall, the findings of our study believe 
that RIF-loaded SNEDDS can be an alternative drug 
delivery approach to replace existing SNEDDS. 
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