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Background: Thymoquinone (TQ), an active compound isolated from Nigella sativa, has 
been proven to exhibit various biological properties such as antioxidant. Although oral 
delivery of TQ is valuable, it is limited by poor oral bioavailability and low solubility. 
Recently, TQ-loaded nanostructured lipid carrier (TQ-NLC) was formulated with the aim of 
overcoming the limitations. TQ-NLC was successfully synthesized by the high-pressure 
homogenization method with remarkable physiochemical properties whereby the particle 
size is less than 100 nm, improved encapsulation efficiency and is stable up to 24 months of 
storage. Nevertheless, the pharmacokinetics and biodistribution of TQ-NLC have not been 
studied. This study determined the bioavailability of oral and intravenous administration of 
thymoquinone-loaded nanostructured lipid carrier (TQ-NLC) in rats and its distribution to 
organs.
Materials and Methods: TQ-NLC was radiolabeled with technetium-99m before the 
administration to the rats. The biodistribution and pharmacokinetics parameters were then 
evaluated at various time points. The rats were imaged at time intervals and the percentage of 
the injected dose/gram (%ID/g) in blood and each organ was analyzed.
Results: Oral administration of TQ-NLC exhibited greater relative bioavailability compared 
to intravenous administration. It is postulated that the movement of TQ-NLC through the 
intestinal lymphatic system bypasses the first metabolism and therefore enhances the relative 
bioavailability. However, oral administration has a slower absorption rate compared to 
intravenous administration where the AUC0-∞ was 4.539 times lower than the latter.
Conclusion: TQ-NLC had better absorption when administered intravenously compared to 
oral administration. However, oral administration showed greater bioavailability compared to 
the intravenous route. This study provides the pharmacokinetics and biodistribution profile of 
TQ-NLC in vivo which is useful to assist researchers in clinical use.
Keywords: thymoquinone, nanostructured lipid carrier, bioavailability, biodistribution, 
pharmacokinetics

Introduction
The emergence of nanotechnology has principally benefitted the medical field, 
specifically for diagnostic and therapeutic purposes.1–5 Currently, nanoparticle- 
based drugs such as polymers and lipids have flooded the pharmaceutical research 
world in search for the best candidate for treatment and management of numerous 
ailments.3,6–9 The first generation of novel colloidal drug carriers developed to 
enhance parenteral delivery were polymeric nanoparticles.5–10 However the use of 
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polymeric nanoparticles could possibly encounter toxicity, 
were deemed uneconomical and difficult when rescaled.8 

Lipid-based nanoparticles have magnetized attention in the 
industrial and academic fields as a potential substitution to 
polymeric nanoparticles due to its more natural composi-
tion that is extremely biodegradable and biocompatible 
in vivo.11

Nigella sativa is a medicinal plant also known as black 
seed or Habbatus sauda.12 It is a grassy annual herb that 
belongs to the Ranunculaceae family. It is a native plant in 
India, Pakistan, Middle and Far Eastern countries.13,14 

N. sativa seeds are commonly used by old folk in the 
community as nutritional supplements in the form of 
spices and food preservatives.13,15 Thymoquinone (TQ) 
is the bioactive compound containing the majority of the 
biological activities of N. sativa seed16 such as antioxi-
dant, anti-inflammatory17 and neuroprotective.18

Animal studies employing TQ via the intraperitoneal 
route reported desired effect of the drug. But when this 
research is translated for preclinical and clinical use, this 
mode of administration might not be ideal due to the 
discomfort felt by patients, not cost effective and concerns 
on the aseptic techniques used.19 A noninvasive oral route 
is therefore preferred for drug delivery. However, the 
delivery of TQ via oral administration is largely restricted 
by the solubility-related poor oral bioavailability19 and the 
relatively low solubility of pure TQ in water.20

As TQ is a hydrophobic molecule, numerous studies 
have attempted to encapsulate TQ into nanoformulation. 
Lipid-based nanoparticles are highly biodegradable and 
bioacceptable making them less toxic compared to others. 
TQ has been successfully encapsulated into NLC.21 The 
NLC is characterized as an enhanced formulation of lipid 
generation developed from solid lipid nanoparticle (SLN) 
with better and upgraded characteristics.22 These lipid- 
based nanoparticles are mainly synthesized using a high- 
pressure homogenizer and can produce particle dispersions 
with up to 80% solid composition.23–25 NLC comprises of 
a mixture of lipid in the solid and liquid form which 
enhances the structure of lipid based nanoparticles.23 

Throughout the process of synthesizing NLC, highly dis-
ordered and defective lipid matrices were formed by the 
distinctively structured lipids. This provides enormous 
molecular cavities for drug molecules23,26 thus ensuring 
higher drug loading capacity and preserved drug stability 
during storage.27–29

One vital fact about the in vivo use of nanoparticles, in 
particular TQ-NLC, is the study of its pharmacokinetics and 

biodistribution. The physiochemical characteristics of TQ- 
NLC in vitro and in vivo is well studied, but to date there are 
no reports on the in vivo pharmacokinetics, biodistribution, 
organ accumulation, and elimination.5,930–32

Different nuclear medicine techniques are exploited for 
pharmacokinetics and biodistribution studies of nanoparti-
cles. These techniques are based on emissions which 
source from the electromagnetics emission from radioiso-
topes distributed in vivo.33 Radioisotopes mainly used in 
nuclear medicine include iodine-131, indium-111, thal-
lium-201, fluorine-18, technetium-99m, gallium-67 and 
others.34–36 One of the most frequently used radiotracers 
for imaging is technetium-99m (Tc99m), which is abun-
dantly used in nuclear medicine laboratories. It is also 
cost effective and has suitable physical and chemical prop-
erties including a physical half-life of 6.02 hours and low 
energy of gamma emission (140 keV).36–40 Using Tc99m to 
tag TQ-NLC, this study evaluated the pharmacokinetics 
and tissue distribution of TQ-NLC in rats following oral 
and intravenous administration. This outcome provides 
vital information to establish TQ-NLC as a drug and for 
future biomedical applications.

Materials and Methods
Materials
NaTcO4 (99mTcO4

−) was attained from a 99Mo/Tc99m gen-
erator (Drytec™) purchased from GE Healthcare Bio- 
Sciences, UK. Stannous chloride was obtained from 
Sigma Chemicals, St Louis, MO, USA. Ultrapure water 
was obtained from a Milli-Q_Plus apparatus (Millipore). 
All other chemicals used in the experiment were analytical 
grade.

Preparation of TQ-NLC
TQ-NLC was synthesised as outlined previously by Ng 
et al21 by using a high-pressure homogenization technique. 
There were two phases involved in the production of TQ- 
NLC that include lipid and aqueous phases. The lipid 
phase was prepared by mixing hydrogenated palm oil 
(Wilfarin™ hydrogenated refined palm oil; Wilmar 
International Limited, Neil Road, Singapore), lecithin 
(Phospholipon® 90G; Lipoid GmbH, Ludwigshafen, 
Germany) and olive oil. The mixture was heated up to 
70°C and stirred with a Teflon-coated magnet until melted. 
The aqueous phase was prepared by dissolving sorbitol, 
Polysorbate 80 (Tween® 80; Sigma-Aldrich, St Louis, 
MO, USA) and thimerosal in deionized water. The mixture 
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was then heated to 70°C and added to the lipid phase with 
constant stirring. Prior to mixing both matrices, TQ was 
added and dissolved into the hot lipid phase solution. 
Further diminution was accelerated by a high-shear Ultra- 
Turrax dispersion mixer Ultra-Turrax® (IKA-werke, 
GmBH, Germany) at 13,000 rpm for 10 min with constant 
stirring at 70°C. The resulting hot pre-emulsion was 
further processed and homogenized by a high-pressure 
homogenizer EmulsiFlex (Avestin, Inc., Ottawa, Canada) 
at 1000 bars for 20 cycles. Finally, the nanoformulation 
(TQ-NLC) was allowed to cool down to room temperature 
for recrystallization.

Characterisation of TQ-NLC
TQ-NLC was characterized based on the mean diameter, 
polydispersity index (PDI), and zeta potential. All the 
parameters were determined by using Zetasizer Nano ZS 
(Malvern Instruments GmbH, Herrenberg, Germany). 
Briefly, TQ-NLC was diluted with deionized water at 
a ratio of 1:9 and the parameters were read three times.

Determination of TQ-NLC Encapsulation 
Efficiency (EE) and Drug Loading (DL) 
Capacity
Encapsulation efficiency (EE) and drug loading (DL) 
capacity were evaluated by ultrafiltration technique. 
Briefly, the separation of free TQ from TQ-NLC was 
done by using an ultrafilter (Amicon® Ultra, molecular 
weight cutoff [MWCO]: 10 kDa; EMD Millipore, 
Billerica, MA, USA) and centrifuged for 10 min at 2000 
⨰ g. High-performance liquid chromatography (HPLC) 
analysis was used to measure the amount of free TQ 
from TQ-NLC. Both EE and DL capacity were measured 
using the following formula:

EEð%Þ¼

Total amount of
TQ in TQ-NLC � Free amount of TQ

Total amount of
TQ in TQ-NLC

X100 

DLð%Þ¼
Amount of TQ entrapped inTQ-NLC

Amount of entrapped in
TQ-NLCþ Excipients

X100 

HPLC analysis was carried out using a Waters Alliance 
HPLC System (Milford, MA, USA) equipped with 
a photodiode array detector. The stationary phase consists 
of a Merck HSS-T-3 C18 (100⨰2.1 mm, 1.8 mm) and the 
HPLC column was maintained at 30°C. A mixture of 

methanol (70%) and water (30%) acts as mobile phase 
which was pumped at a flow rate of 1.0 mL/min. The HPLC 
analysis was conducted at 255 nm wavelength with a total run 
time of five minutes and the volume of injection was 10 µL. 
Data acquisition, data handling, and instrument control were 
performed by Empower Software v1.0. (Milford).

In vitro Release Modelling of TQ-NLC
The in vitro drug release profile analysis of pure TQ solution 
(solubilized in ethanol) and TQ-NLC was performed over 72 
h using the dialysis bag diffusion technique.31 Prior to the test, 
a dialysis bag with MWCO of 14 kDa (Sigma-Aldrich, USA) 
was kept overnight in the dissolution medium (2.0% SDS in 
PBS) to ensure thorough wetting of the membrane. Pure TQ 
solution or TQ-NLC (2 mL of each) was added into its respec-
tive dialysis bag and then transferred into a beaker containing 
45 mL of dissolution medium. The beaker was placed at 37°C 
on an incubator shaker (100 rpm) (Sartorius, Germany). At 0, 
0.0167, 0.0333, 0.0833, 0.1667, 0.3333, 0.5, 1, 2, 4, 8, 12, 18, 
24, 48 and 72 h, 1 mL of the medium was withdrawn. The same 
amount of fresh dissolution medium was added as 
a replacement to ensure constant volume was maintained. 
The samples were diluted in HPLC grade methanol (1:1) and 
analysed by HPLC (Waters, USA). Mathematical modelling 
was performed by using the parameters that provided the 
closest fit between experimental observation and the nonlinear 
function to various releases (zero order, first order, Higuchi, 
and Hixson–Crowell) to understand the mechanism of drug 
release from TQ-NLC.41,42

Radiolabelling Formulations
Direct labeling method was implied to radiolabel TQ- 
NLC with Tc99m by using stannous chloride (SnCl2 H2 

O) as a reducing agent under nitrogen atmosphere.34 In 
order to prevent the hydrolysis of Sn2+ and formation of 
radiocolloids (reduced and hydrolyzed Tc99m), ascorbic 
acid was integrated in the direct labeling method as an 
antioxidant that comprised weak acid pH. In brief, aqu-
eous solution containing SnCl2 H2O (1%) and ascorbic 
acid (5%) were added to the TQ-NLC suspension and 
mixed under nitrogen atmosphere. Approximately 1 to 
1.5 mCi of Tc99m-eluate (1 mCi) was obtained from 
a commercial 99Mo/Tc99m generator (Drytec™) and 
added into the vial with constant nitrogen atmosphere. 
The reaction mixture was moderately stirred and incu-
bated at room temperature for 10 min. Next, 0.5 
M sodium bicarbonate (NaHCO3) was added to the radi-
olabelled TQ-NLC suspension in order to attain a pH of 
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five. The amount of SnCl2 H2O was optimized to obtain 
maximum percentage of radiolabeled of TQ-NLC 
suspension.

Optimization of Radiolabeling Efficiency
The amount of SnCl2 H2O of the radiolabeled suspension 
was optimized by changing one parameter at a time and by 
performing quality control tests for the radiolabeled 
suspension.43 A range of 50–600 µg/mL of stannous chlor-
ide was added to optimize the amount of SnCl2 H2O that 
affects the percentage of labeling efficiency of the 
suspension.

Determination of Labeling Efficiency
The labeling efficiency and stability of the radiolabeled 
suspension was determined using an instant thin layer 
chromatography (iTLC). After final preparation of radiola-
beled TQ-NLC, the radiolabeling stability was recorded up 
to 24 h.43 The iTLC was performed using instant thin layer 
chromatography silica gel impregnated glass fiber sheets 
to determine free technetium and percentage of radiocol-
loids in the preparation. An amount of 3 µL of the radi-
olabeled suspension was spotted at 1 cm from the bottom 
(origin). To determine the amount of free Tc99m pertech-
netate and reduced/hydrolyzed (R/H) Tc99m, these strips 
were developed using acetone as mobile phase and 
a solvent system. The solvent front was permitted to 
reach a height of approximately 8 cm from the origin 
and the strip was measured using a TLC scanner (AR 
2000, Bioscan, USA). The free pertechnetate existing in 
the suspension migrated to the top portion of the strips 
while the radiocolloids (reduced/hydrolyzed technetium) 
with radiolabeled suspension stayed at the origin of the 
strips where the the suspension was applied. A mixture of 
pyridine:acetic acid:water at a ratio of 3:5:1.5 was used to 
determine the existence of radiocolloids in the radiola-
beled suspension. The radiocolloids remain at the origin 
while both free pertechnetate and radiolabeled complex 
migrated together with the solvent front. Hence, the radi-
olabeling efficiency was calculated by subtracting the total 
of free pertechnetate and reduced/hydrolyzed technetium 
by 100%.44,45

Stability of Labeled Complex
Stability of the TQ-NLC labelled Tc99m complex was 
determined in vitro in rat serum by ascending TLC tech-
nique. Briefly, 0.1 mL of the labeled complex was incu-
bated with 0.9 mL freshly collected rat serum at 37°C. 

Incubated mixture of the labeled suspension and rat serum 
was spotted at iTLC strips at time intervals of 1, 2, 4, 6, 8, 
24 h. The spotted strips were counted using an automated 
TLC scanner and the percentage of labelling efficiency of 
radiolabeled TQ-NLC was measured for free Tc99m and 
reduced/hydrolyzed technetium as well as radiocolloids.

Experimental Animals
Healthy male Sprague Dawley rats (180–200 gm) were 
used for pharmacokinetics and biodistribution studies. 
Prior to experimentation, the animals were randomly 
divided into two groups for different routes of administra-
tion (oral and intravenous injection). They were housed in 
cages under standard laboratory conditions, with a period 
of 12-hr light/12-h darkness cycle, at 20°C–24°C with 
40%–50% relative humidity. The animals were acclima-
tized for one week prior to the experiment. The rats were 
fed with standard chow pellet (Specialty Feeds, Glen 
Forrest, WA, Australia) and allowed to drink water ad 
libitum. Each group was further divided according to 
different time point (n=6). All the experimental procedures 
were reviewed and approved by the Institutional Animal 
Care of and Use Committee (IACUC), Universiti Putra 
Malaysia (UPM/IACUC/AUP-R085/2017) and followed 
Canadian Council on Animal Care Guide to the Care and 
Use of Experimental Animals.

Pharmacokinetics Study
The pharmacokinetics study was conducted in accordance 
with Organisation for Economic Co-operation and 
Development (OECD) 417 Guideline for Testing of 
Chemicals. The rats were administered with 99mTc-TQ- 
NLC dispersion by oral gavage and intravenous injection at 
the dose of 100 mg/kg22,46 and 25 mg/kg,47 respectively, and 
later anesthetized by inhalation of 4.0% isoflurane (2500 cc/ 
min). The gamma ray whole-body data was acquired at 
different time points (0.25, 0.5, 1, 2, 4, 6, 8, 12 and 24 h) 
after the oral administration and 0.25, 0.5, 1, 2, 4, 6 and 
24 h following intravenous administration. Blood was col-
lected into heparin (for plasma) and plain tube via cardiac 
puncture. Both the blood samples were placed in pre- 
weighed tubes and analyzed using shielded well-type 
gamma scintillation counter. Radioactivities in the samples 
were determined in the units of counts. A series of diluted 
free Tc99m solution were prepared and counted using 
a gamma counter to obtain the radioactivity correction factor 
for further use in the animal biodistribution data analysis. 
Area under the curve (AUC), relative bioavailability, 
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elimination half-life, volume of distribution and other phar-
macokinetic parameters were calculated by noncompartmen-
tal analysis model using WinNonlin v6.1 (Certara, MO, 
USA). Relative bioavailability of TQ-NLC was calculated 
by the following equation;

Relative bioavailability = {AUC0-∞/AUC0-∞suspension} 
x 100

AUC0-∞: Area under the curve for TQ-NLC suspension

Biodistribution Study
The biodistribution study was conducted in accordance 
with Organisation for Economic Co-operation and 
Development (OECD) 417 Guideline for Testing of 
Chemicals. The gamma ray whole-body data was acquired 
at 0.25, 0.5, 1, 2, 4, 6, 8, 12 and 24 h after the oral 
administration and 0.25, 0.5, 1, 2, 4, 6 and 24 hfollowing 
the intravenous administration. The anesthetized rats were 
placed horizontally under a single-headed gamma camera 
(BHP 6602, Hamamatsu, China) employing a low energy 
gamma with high resolution collimator. Images were 
acquired at the end of the biodistribution studies. 
Different tissues/organs such as liver, kidney, heart, 
spleen, lungs, and brain were dissected, washed twice 
using normal saline, freed from adhering tissue/fluid and 
weighed. The radioactivity present in each tissue/organ 
was measured using a shielded well-type gamma scintilla-
tion counter (2470 Wizard, Perkin Elmer, USA). The %ID/ 
g of each organ was calculated using the following equa-
tion in which ID represents the injected dose and M is the 
weight of each organ:

% ID/organ weight = each count/total count⨰100)/M

Statistical Analysis
All statistical analyses were performed using GraphPad 
Prism version 6 (GraphPad Software, San Diego, CA, 

USA). One-way ANOVA in multiple comparison followed 
by Tukey’s post hoc test were applied to calculate the 
significant differences between groups. All data were 
obtained at least in triplicates and results are presented as 
mean ±SD unless stated otherwise. Value of P<0.05 was 
considered significant.

Results
Characteristics of TQ-NLC
The physiochemical characteristics of TQ-NLC are shown 
in Table 1. TQ-NLC has a uniform diameter of 37.84±0.287 
nm at room temperature (25°C). The PDI for TQ-NLC was 
lower than 0.2 and the zeta potential was −5.80±0.450.

TQ-NLC EE and DL Capacity
HPLC data of free TQ detected at a wavelength of 254 nm 
and 9.742 min retention time is shown in Table 2. From 
the HPLC analysis, 98.07% of TQ was encapsulated in the 
NLC and the DL was 8.72%.

In vitro Release of TQ-NLC
Figure 1 shows that 46.95±0.40% of TQ was released 
from TQ-NLC after 72 h. The release of pure TQ solution 
was significantly higher (P<0.05) than TQ-NLC.

Release Kinetic of Thymoquinone-loaded 
Nanostructured Lipid Carrier
Based on Table 3, the release of TQ from NLC best fitted 
to the zero-order model with the highest R2 value of 0.971, 
as compared to Higuchi (0.9328), Hixson-Crowell’s 
(0.7627) and first order model (0.5708). The release expo-
nent (n) obtained from Korsmeyer–Peppas equation for 
TQ-NLC was 0.7136 (Figure 2).

Table 1 Physiochemical Characteristics of TQ-NLC After 24 Hours

Formulation Z-Average (d, nm) PDI Zeta Potential (mV) Temperature (°C)

TQ-NLC 37.84±0.287 0.19±0.003 −5.80±0.450 25

Note: Values are expressed as mean ±SD and measured in triplicates. 
Abbreviations: PDI, polydispersity index; TQ-NLC, thymoquinone-loaded nanostructured lipid carrier.

Table 2 Free TQ Detected by HPLC at Wavelength of 254 Nm with Retention Time of 9.7 Minutes

Peak Name Retention Time (minutes) Area % area Height Amount Unit

Free TQ 9.742 11,336,968 100 79,130 9.64 mg/mL*

Note: *Thymoquinone quantity in mg/mL. 
Abbreviations: HPLC, high-performance liquid chromatography; TQ, thymoquinone.
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Optimization and Stability of 
Radiolabelling Efficiency
The pharmacokinetics and biodistribution studies were 
carried out using Tc99m radiolabeled formulation. In 
order to ensure the radiolabeled process, the amount of 
stannous chloride (SnCl2) was critical in this study. During 
the optimization process, higher amount of SnCl2 showed 
high formation of radiocolloids that result in poor radiola-
belling efficiency. The optimum labelling efficiency was 
detected when 150 µg/mL of SnCl2 was used (Table 4). 
Stability of radiolabeled efficiency reduced over the time 
up to 24 h but 50% of the content still remained labelled 
with radioisotope until eight hours when introduced with 
or without fresh rat serum at 37°C and room temperature 
(Table 5).

Pharmacokinetic Study
Following oral and intravenous administration of the radi-
olabeled TQ-NLC, blood samples were collected at var-
ious time intervals and were analysed for %ID/g. The 
pharmacokinetic profile of 99mTc-TQ-NLC in blood after 
the oral and intravenous administration is shown in Figure 
3. The data were subjected to calculations of 

pharmacokinetic parameters based on the noncompartment 
analysis model. Cmax, AUC0-∞ and t1/2 (hour) obtained 
from the percentage of activity levels in blood after oral 
and intravenous administration of the 99mTc-TQ-NLC are 
presented in Table 6. Higher Cmax and AUC0-∞ were 
obtained following oral administration compared to intra-
venous administration. The area under the curve (AUC0-∞) 
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Figure 1 In vitro drug release profile of TQ-NLC and pure TQ solution. The 
release of TQ from TQ-NLC was lower than pure TQ solution. 
Notes: * P<0.05, compared to pure TQ solution. 
Abbreviations: TQ, thymoquinone; TQNLC, TQ-loaded nanostructured lipid 
carrier.

Table 3 Linear Regression of TQ-NLC Release Kinetic by 
Mathematical Modelling Using Various Drug Kinetic Models

Kinetic Model Correlation Coefficient (R2) Value

Zero-order 0.9710

First-order 0.5708

Higuchi 0.9328
Hixson–Crowell 0.7627

Abbreviation: TQ-NLC, thymoquinone-loaded nanostructured lipid carrier.
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Figure 2 Linear regression of TQ-NLC release kinetic by using Korsmeyer–Peppas 
equation. The value of n was determined from the gradient of the linear line. 
Abbreviation: TQ-NLC, thymoquinone-loaded nanostructured lipid carrier.

Table 5 Stability of 99mTc-TQ-NLC at Room Temperature and in 
Rat Serum

Time (hours) %Labelling Efficiency (mean ±SD)

Room Temperature Rat Serum

0.5 97.22±0.210 97.22±0.210

1 93.30±1.084 80.41±1.560
2 91.38±0.445 76.19±1.413

4 91.27±0.053 69.05±2.273

6 84.01±1.219 66.87±1.307
8 74.35±2.324 58.35±2.616

24 33.43±1.579 14.92±2.773

Note: Values are expressed as mean ±SD and measured in triplicates. 
Abbreviations: 99mTc, technetium-99m; TQ-NLC, thymoquinone-loaded nanos-
tructured lipid carrier.

Table 4 Optimisation of Stannous Chloride Amount

Amount of Stannous Chloride 
(µg/mL)

% Drug Labeled (mean 
±SD)

50 95.69±0.559
150 97.20±0.115

300 92.00±1.804

450 89.53±2.198
600 69.67±1.859

Note: Values are expressed as mean ±SD and measured in triplicates.
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in plasma for intravenous administration of 99m Tc-TQ- 
NLC (7.998%ID/g. h) was 4.539 higher compared to the 
oral administration of radiolabeled TQ-NLC (1.762%ID/g. 
h). Alternatively, the area under the curve (AUC0-∞) in 
blood for intravenous administration of 99mTc-TQ-NLC 
(5.089%ID/g. h) was 3.502 higher compared to the oral 
administration of radiolabeled TQ-NLC (1.453%ID/g. h). 
The half-life of 99mTc-TQ-NLC both in the plasma and 
blood after the intravenous administration showed 2.032 
and 2.236 times longer half-life respectively, in compar-
ison to the oral administration.

Biodistribution Study
The biodistribution of 99mTc-TQ-NLC over time after the 
oral administration is shown in Figure 3. The main uptake 
occurred in the intestine tract. During the first hour following 

oral administration, the stomach had high intake of 99mTc- 
TQ-NLC. The concentration of 99mTc-TQ-NLC in the intes-
tine increased for the first two hours. Figure 4 shows the 
distribution of 99mTc-TQ-NLC after the intravenous injec-
tion. The liver showed an increased uptake over time. 99mTc- 
TQ-NLC consistently accumulated in the kidneys which are 
clearly visible in all the images except at 24 h. All the 
aforementioned organs-to-blood and organs-to-muscles for 
the oral and intravenous administrations showed no signifi-
cant difference (P<0.05) at any time points (Figures 4 and 5).

Besides, the biodistribution of 99mTc-TQ-NLC in the 
intestine, heart, kidneys, liver, lungs, spleen, and stomach 
after the oral and intravenous administration was also 
determined using gamma counter analysis to support the 
images. Depending on the route, the distribution patterns 
varied (Figures 6 and 7, respectively). Initially, radioactiv-
ity of 27.73% and 6.1%, respectively, for the oral and 
intravenous administration of 99mTc-TQ-NLC were 
observed in the stomach and decreased as the formulations 
passed through the stomach. In the intestine, there was an 
increase during the first half hour after the oral adminis-
tration. However, the radioactivity in the stomach 
decreased at half to one hour and increased after two 
hours. After two hours, the radioactivity gradually 
decreased over time. Different scenario was seen in the 
intestine after the intravenous administration of 99mTc-TQ- 
NLC where the radioactivity increased for one hour and 
gradually decreased over time. Another important organ in 
biodistribution study is liver. Radioactivity in the liver 
after the oral administration of 99mTc-TQ-NLC showed 
an increase until half an hour and began to decrease there-
after. Moreover, radioactivity in the liver after the intrave-
nous administration of 99mTc-TQ-NLC was highest at 
a quarter of an hour and slowly reduced over time.

Discussion
This study determined the pharmacokinetics and biodistri-
bution of 99mTc-TQ-NLC in vivo after oral and intrave-
nous administration. TQ-NLC was successfully 
synthesized by the hot high-pressure homogenization 
method.21 Zeta sizer analysis showed that TQ-NLC has 
an average diameter of less than 50 nm. TQ-NLC is 
regarded as nanoparticles according to the European 
Commission where particles with size ranging from 
1–100 nm are categorized as nanoparticles.48 PDI is an 
output of autocorrelation function that determines the size 
distribution range of the particles. The values of PDI were 
within 0 and 1 where 0 indicates that the nanoparticles are 

Table 6 Pharmacokinetics Parameters for 99mTc-TQ-NLC After 
Oral and Intravenous Administrations into Rats (n=6)

Parameters Oral 
Administration

Intravenous 
Administration

Plasma Blood Plasma Blood

Tmax (h) 4 4 0.5 0.5
Cmax (%ID/g) 0.413 0.347 3.284 2.173

AUC24 (%ID/g.h) 1.708 1.404 7.847 4.947

AUC0-∞ (%ID/g.h) 1.762 1.453 7.998 5.089
AUCexp (%ID/g.h) 3.077 3.384 1.889 2.788

t1/2 (h) 2.457 2.386 4.992 5.336

CL (L/h) 56.735 68.87 12.503 19.649
Relative bioavailability (%) 201.125 236.813 90.037 151.259

Abbreviations: AUC24, 24 h area under the curve concentration-time; AUC0-∞, 
area under the curve to infinity; AUCexp; exponential area under the curve; Cmax, 
the maximum concentration; CL, clearance; ID/g, injected dose per gram; h, hour; 
99mTc, technetium-99m; TQ-NLC, thymoquinone-loaded nanostructured lipid car-
rier; Tmax, the time taken to reach the maximum concentration; t1/2, half-life.
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Figure 3 Time profile of 99mTc-TQ-NLC in blood after the oral and intravenous 
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Abbreviations: 99mTc, technetium-99m; TQ-NLC, thymoquinone-loaded nanos-
tructured lipid carrier; ID/g, injected dose per gram.
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highly uniform while 1 indicates the population of nano-
particles is assorted.49 TQ-NLC has a PDI of less than 0.2.

Another parameter for characterizing nanoparticles is 
zeta potential, which is measured to determine the sur-
face charge of nanoparticles in a colloidal solution. 

A thin layer of counter ions is pulled over by the charge 
on the surface of the nanoparticles (Stern layer) that 
move together and disperse throughout the formulation. 
The zeta potential that contains electric potential within 
the border of the Stern layer has values that mainly range 
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Figure 4 (A) Images of rats administered with 99mTc-TQ-NLC. Gamma camera in vivo data were acquired along 0.25, 0.5, 1, 2, 4, 6, 8, 12, 24 h after the oral administration. 
(B) Intestine to blood ratios. (C) Intestine to muscle ratios. (D) Liver to blood ratios. (E) Liver to muscle ratios. (F) Kidneys to blood ratios. (G) Kidneys to muscle ratios. 
Notes: Values are expressed as mean ±SD, n=6. Mean values with different letters are significantly different (P <0.05). 
Abbreviations: 99mTc, technetium-99m; TQ-NLC, thymoquinone-loaded nanostructured lipid carrier.
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between 100 and −100 mV. The nanoparticles were mea-
sured using zeta potential which indicates the colloidal 
stability.49 In our study, TQ-NLC has shown a zeta 

potential of −5.80 mV. To attain the highest stabilization, 
zeta potential values of nanoparticles should be greater 
than positive 30 mV or less than negative 30 mV. Since 

W
h

o
le

 b
o

d
y

H
ea

d

W
h

o
le

 b
o

d
y

H
ea

d

0.25 0.5 1 2

4 6 24

Time (h)

A

T im e (h )

In
te
s
ti
n
e
-t
o
-b
lo
o
d
ra
ti
o

0 .2 5 0 .5 1 2 4 6 2 4
0

1

2

3

4

5

b b

a ,b ,c

a

a ,c

c

b ,c

B

T im e (h )

In
te
s
ti
n
e
-t
o
-m

u
s
c
le
ra
ti
o

0 .2 5 0 .5 1 2 4 6 2 4
0

5

1 0

1 5

a ,b ,c
b

b ,c

a

a ,c

a ,b ,c

b ,c

C

T im e (h )

K
id
n
e
y
s
-t
o
-b
lo
o
d
ra
ti
o

0 .2 5 0 .5 1 2 4 6 2 4
0

5 0

1 0 0

1 5 0

2 0 0

a
b

d ,e

d ,e

c

e

c ,d

D

T im e (h )

K
id
n
e
y
s
-t
o
-m

u
s
c
le
ra
ti
o

0 .2 5 0 .5 1 2 4 6 2 4
0

2 0 0

4 0 0

6 0 0

8 0 0

a a

c

b

b ,c

b ,c

c

E

T im e (h )

L
iv
e
r-
to
-b
lo
o
d
ra
ti
o

0 .2 5 0 .5 1 2 4 6 2 4
0

1

2

3

4

c

a ,b

a

c

c

c

c

F

T im e (h )

L
iv
e
r-
to
-m

u
s
c
le
ra
ti
o

0 .2 5 0 .5 1 2 4 6 2 4
0

5

1 0

1 5

2 0

a

c
c

a ,b ,c

b ,c

a ,b

c

G

Figure 5 (A) Images of rats administered with 99mTc-TQ-NLC. Gamma camera in vivo data were acquired along 0.25, 0.5, 1, 2, 4, 6, 8, 12, 24 h after the intravenous 
administration. (B) Intestine to blood ratios. (C) Intestine to muscle ratios. (D) Liver to blood ratios. (E) Liver to muscle ratios. (F) Kidneys to blood ratios. (G) Kidneys to 
muscle ratios. 
Notes: Values are expressed as mean ±SD, n=6. Mean values with different letters are significantly different (P <0.05). 
Abbreviations: 99mTc, technetium-99m; TQ-NLC, thymoquinone-loaded nanostructured lipid carrier.
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TQ-NLC has values more than negative 30 mV of zeta 
potential value, it is considered as an unstable formula-
tion. However, TQ-NLC was stable for up to 24 months 
(two years) as the average diameter remained lower than 
100 nm. Many studies reported that the stability of any 
nanoparticles does not only depend on the electrostatic 
repulsion but also involves the use of stabilizer agent. In 
order to stabilize the dispersion for a longer period, 
a loss of electrostatic repulsion can be balanced out by 
using high surfactant mixture.21,22

HPLC analysis determines the free TQ which was not 
encapsulated in the NLC. C18 symmetry analytical col-
umn in a mixture of mobile phase of methanol and water 
(7:3) was used in the analysis.21,22 High encapsulation of 
TQ-NLC (98.07%) is possibly because TQ is highly 

lipophilic that causes TQ to be attracted to the lipid 
matrices in the formulation.50,51 Hence, based on the par-
ticles size, PDI, zeta potential and encapsulation effi-
ciency, TQ-NLC can be classified as an ideal 
nanoformulation with ideal characteristics such as small 
mean diameter (less than 50 nm), low polydispersity index 
(less than 0.2), excellent encapsulation and reduced 
toxicity.21,22,52 The distribution of the nanoparticles within 
the body is mainly influenced by these characteristics.53

The release profile of TQ-NLC showed that the con-
centration of TQ released by NLC was not equivalent to 
the concentration of TQ alone even after 72 h. Hence, in 
contrast to pure TQ solution (which showed the burst 
release profile), the absence of concentration spike was 
anticipated when the cells were treated with TQ-NLC.54 
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Figure 6 Biodistribution data showing uptake (% ID/g) of organs vs time profile after the oral administration with 99mTc-TQ-NLC (n=6). 
Abbreviations: 99mTc, technetium-99m; TQ-NLC, thymoquinone-loaded nanostructured lipid carrier; ID/g, injected dose per gram.
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In this study, TQ-NLC followed zero-order drug release 
kinetic since the mathematical modelling and regression 
analysis revealed that the sustained release of TQ from 
TQ-NLC was time-dependent and concentration- 
independent.21,22 Zero-order drug release kinetic is an 
ideal sustained delivery system, which prolongs the con-
trolled release of drug from the delivery system and main-
tains the drug concentration within the therapeutic 
window, hence, minimizing the episode of toxicity.55,56

When administered by the oral route, the main uptake 
of 99mTc-TQ-NLC was in the intestine. This is because 
99mTc-TQ-NLC is postulated to be taken up by the gastro-
intestinal tract and move to the reticulum-endothelial 
organs. This is parallel with previous studies where 
NLCs were promptly cleared from the systemic circulation 
by opsonization and taken up by reticulum-endothelial 
organs.9,30,57 NLCs are generally accumulated in the 

liver and absorbed into the small intestine.58 Drug-loaded 
NLCs endure lipid digestion process step by step when 
they pass through the digestive system. Briefly, triglycer-
ides in the lipid nanoparticles are broken down into mono-
glycerides and free fatty acids (both long and short chain) 
caused by the reaction between pancreatic enzymes and 
molecules within the duodenum that release the drug 
encapsulated in the NLCs.59,60 However, it was found 
that 99mTc-TQ-NLC was less accumulated in the liver 
compared to the intestines within two hours of adminis-
tration. This is possibly because of the lymphatic intake of 
99mTc-TQ-NLC within the GI tract passage. 99mTc-TQ- 
NLC can be either absorbed into the portal blood via 
paracellular route bypassing metabolism due to enterocyte 
enzymes reactions or can be confined by Peyer’s patches 
(small masses of lymphatic tissue found all over the region 
in small intestine) that transports 99mTc-TQ-NLC to the 
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Figure 7 Biodistribution data showing uptake (% ID/g) of organs vs time profile after the intravenous administration with 99mTc-TQ-NLC (n=6). 
Abbreviations: 99mTc, technetium-99m; TQ-NLC, thymoquinone-loaded nanostructured lipid carrier; ID/g, injected dose per gram.
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lymphatic systems.44,60 After absorption, long chain fatty 
acids or lipids are fused into chylomicrons which are then 
absorbed into the intestinal lymph. Since the size of the 
chylomicrons are usually large (approximately 80 nm), 
they enter the lymphatic system instead of blood capil-
laries that bypass the first metabolism of the drug asso-
ciated with them.61

After administration via intravenous injection, the 
highest radioactivity levels (expressed as and ID/g tissue) 
of 99mTc-TQ-NLC were observed in the kidney, liver, and 
spleen. This is supported by previous studies where the 
nanoparticles were also spotted mainly in these organs of 
mice after the intravenous administration.5,60 The presence 
of the macrophages that reside in these tissues contributes 
to the uptake into these organs.62 Since the weight of the 
kidneys and liver was more prominent compared to others, 
greater amounts of nanoparticles accumulated in these 
organs were detected by high levels of radioactivity. 
Besides, another research also reported high radioactivity 
levels in the kidneys after nanoparticles administration 
intravenously63–65 leads to excretion of the nanoparticles 
through urine.5 High radioactivity level detected in the 
liver is due to the discontinuous liver endothelium that 
offers a passage for the NLCs as reported by both 
Beloqui et al and Esposito et al.5, 9

Exploring the radioactivity-vs-time profiles, a dip of 
concentration was found at the first hour in intestines and 
kidneys (Figure 4B, 4C, 4D and 6). We postulate that 
99mTc-TQ-NLC gains access into the tissues and organs 
and formed the first concentration peak. Then the complex 
returns to the plasma and is redistributed into the tissues 
and organs causing the second peak. Our finding is in 
agreement with other researchers that presented similar 
results suggesting this phenomenon of multiple peaks 
might be related to the reabsorption of the intestinal tract 
due to enterohepatic recirculation, variable in gastric emp-
tying and distribution caused by the bile released from the 
gallbladder. This leads to reabsorption and recycling into 
the tissue, double-site absorption involving stomach and 
intestine or variability of absorption. The enterohepatic 
component associated with the second peak formation 
includes the gastrointestinal tract and kidneys.66 

A similar pattern of double peak phenomenon in those 
tissues and organs was also reported by Beloqui et al on 
biodistribution of nanostructured lipid carriers (NLCs) 
after intravenous administration to rats.5

Furthermore, brain uptake for both routes of adminis-
tration was less than 0.01% ID/g; a level negligible when 

compared with other organs. Therefore, the values were 
not represented in Figures 6 and 7. Hence, even though 
there are numerous studies on lipid nanoparticles for brain 
targeting, factors such as surface charge or the use of 
polysorbate 80 in the production of this nanoparticle as 
a stabilizer may hinder the ability of the nanoparticles for 
brain targeting.5

The optimized 99mTc-TQ-NLC formulation for phar-
macokinetics evaluation showed an area under the curve 
(AUC0-∞) of the intravenous administration which was 
4.539 times higher than the oral administration. This indi-
cated that the bioavailability of the intravenous adminis-
tration of 99mTc-TQ-NLC was higher than oral 
administration. Nanoparticles commonly exist in either 
positive or negative charges. When administered intrave-
nously, these nanoparticles may bind nonspecifically with 
various products mainly blood components. Thus, the pro-
tein binding influences the distribution of the nanoparticles 
following the intravenous administration.5 Higher AUC 
may be due to lower uptake of the positive nanoparticles 
by the RES organs (such as liver and spleen) and attract 
more negative NLC.5 Besides, the surface properties also 
play a crucial function when the nanoparticles are in con-
tact with biological fluid such as blood. Generally, a layer 
of protein known as protein corona will cover the surface 
of the nanoparticles. The main function of protein corona 
is to determine the interaction between the nanoparticles 
and the cell membrane and increase the process of phago-
cytosis in RES organs.63,67,68 We postulate that due to 
lower AUC0-∞, the oral administration has slower absorp-
tion and better bioavailability compared to intravenous 
administration. It is parallel with Shah et al who explained 
that nanoparticles have higher distribution caused by the 
long circulation time of drug in the blood.45

Conclusion
The NLC drug delivery system is a desired drug carrier for 
transportation of thymoquinone. TQ-NLC has small size and 
high encapsulation efficiency where more than 90% of the 
drug was encapsulated inside NLC. Based on the release 
profile of TQ-NLC done in vitro, TQ-NLC demonstrated 
slow and sustained release pattern that possibly can maintain 
the drug concentration in the therapeutic window. TQ-NLC 
was absorbed better when administered intravenously com-
pared to oral administration. However oral administration 
showed greater bioavailability compared to the intravenous 
route. This study for the very first time provides the 
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pharmacokinetics and biodistribution profile of TQ-NLC 
in vivo, which is useful to assist research in clinical use.
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