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Abstract

Background: Tacrolimus has poor solubility in water ranging from 4 to 12 ug/mL. The oral bio availabilities of tacrolimus
is poor and exhibits high intra and inter-subject variability (4-89%, average 25%) in the liver and the kidney transplant
recipients and in patients with renal impairment. Aim: The present study deals with the development and characterization
of self-micro-emulsifying drug delivery system to improve the oral bioavailability of poorly soluble drug tacrolimus.
Materials and Methods: Solubility of the tacrolimus was estimated in various oils, surfactants, and co-surfactants. Various
in vitro tests such as percentage transmittance, emulsification time, cloud point, precipitation, and thermodynamic stabilities
were used to find out optimized formulations. Optimized liquid self micro-emulsifying (SMEDDS) were characterized by
particle size analysis and converted in solid by using the Florite RE as an adsorbent, which is further characterized by
differential scanning calorimetry (DSC), scanning electron microscopy (SEM), X-ray diffraction (XRD), Fourier transform
infrared spectroscopy (FTIR), and particle size analysis. Results: The optimized liguid SMEDDS formulation contained 10%
Lauroglycol FCC as an oil, 60% Cremophor RH, and 30% PEG (polyethylene glycol) 400 as a surfactant and co-surfactant
respectively. The optimized liquid and solid SMEDDS showed higher drug release than the marketed capsule and pure
API (active pharmaceutical ingredient) powder. For optimized liquid SMEDDS and solid SMEDDS, the globule sizes were
found 113 nm and 209 nm respectively. The solid state characterization of solid-SMEDDS by SEM, DSC, FTIR, and XRD
revealed the absence of crystalline tacrolimus in the solid-SMEDDS. Shelf-lives for liquid SMEDDS and solid SMEDDS were
found to be 1.84 and 2.25 year respectively. Conclusions: The results indicate that liguid SMEDDS and solid SMEDDS of

tacrolimus, owing to nano-sized, have potential to enhance the absorption of the drug.
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INTRODUCTION

In large part, the success of solid organ transplantation lies in
the appropriate utilization of immunosuppressive medications.
Tacrolimus, a lipophilic 23-member macrolide lactone isolated
from Streptomyces tsukubaensis (molecular weight of 803.5 Da),
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is an important immunosuppressant widely used in the transplant
patients, but with a narrow therapeutic window. The half-life of
tacrolimus in human is 8.7-11.3 h."¥! Absorption of tacrolimus
has been shown to be highly variable between individuals.
After oral administration, the drug is generally absorbed with a
mean time of peak concentrations of 1.5-2 h. However, in some
patients, the drug may be absorbed over a prolonged absorption
period, resulting in a more flat absorption profile.”! The mean
bioavailability is approximately 21%, although there is large
inter-subject variability.

SMEDDS formulation contains oil (synthetic or natural) with
hydrophilic or lipophilic surfactants and co-surfactant. This
mixture is isotropic in nature and emulsifies when exposed
to GI media under mild agitation and forms oil in water
emulsion.”! Based on the type of surfactants used and the
presence or absence of oil they are classified in four different
types. Among these, type-III are known to form SMEDDS that
is self-micro emulsifying oil in water emulsion having globule
size less than 200 nm in most cases."”! Lipid-based formulations
specially SMEDDS improve as well as normalize drug
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absorption, which is particularly beneficial for low therapeutic
index drug like tacrolimus. These formulations enhance
absorption by a number of mechanisms like improving drug
solubility and maintaining drug in solution state throughout
GI tract, inhibition of P-glycoprotein-mediated drug efflux and
pre-absorptive metabolism by gut membrane-bound cytochrome
enzymes,® the promotion of lymphatic transport, which delivers
drug directly to the systemic circulation. Although avoiding
hepatic first-pass metabolism,""! and also by increasing GI

membrane permeability.!'!

In recent years as an alternative to liquid SMEDDS; solid
SMEDDS are developed by incorporating SMEDDS into solid
inert pharmaceutical excipients. Various solidification techniques
are used to prepare solid SMEDDS such as adsorption to solid
carrier, spray drying, melt extrusion, nanoparticle technology,
etc., Among these adsorption to solid carrier is the simplest and
economical technique, which gives stable free flowing solid
SMEDDS powder. It can be easily filled in hard gelatin capsule
and easily disperses upon GI fluid contact.!"” Generally adsorbent
used are highly porous in nature and they have the capacity to
adsorb high amount of liquid. Examples of some commonly used
adsorbents are Florite RE, Nusilin US2, Aerosil 200, Sylysia 350,
Syloid® 244 FP (porous silicon dioxide). These adsorbent were
used by some researcher to successfully develop solid SMEDDS
to increase dissolution of lipophilic drug such as Curcumin and
Nitredipin.!"!

In 2008 Borhade et al.”! formulated SMEDDS of tacrolimus and
reported significantly higher immunosuppressant activity in mice
as compared to marketed Pangraf capsules. Authors reported that
higher dissolution and improved solubility could have played
an important role for improving therapeutic efficacy. Xin et al.®
investigated the preliminary role of Schisandra sphenanthera
extract on the pharmacokinetic profile of tacrolimus in healthy
volunteers. Author assumed that interaction of herbal extract
with Pgp (P-glycoprotein) and CYP (cytochrome) 3A4 may be
the factors that might increase the oral AUC (area under curve)
of tacrolimus. Recently, in 2010, Qin et al.”) investigated in vitro
and in vivo effects of Schisandra sphenanthera extract (Wuzhi
Tablet) on the absorption and first-pass intestinal and hepatic
metabolism of tacrolimus. Extract inhibited Pgp mediated efflux
of tacrolimus. Moreover, this herbal extract was also responsible
for inhibiting tacrolimus metabolism in human and rat liver
microsomes. The objective of present studies was to develop a
new stable liquid SMEDDS and solid SMEDDS of lipophilic
immunosuppressant tacrolimus in order to increase in vitro
dissolution by using the bio enhancer excipients. Bio-enhancer
excipients have the ability to block Pgp and CYP 450 enzyme
systems. In this study, we have selected excipients based on
solubility and emulsification study; also their bio-enhancing
property was considered during the selection process. Prepared
batches were characterized by emulsification efficiency, globule
size analysis, in vitro release profile, etc., Shelf-lives of optimized
formulations were determined. Additionally, solid SMEDDS was

characterized by scanning electron microscopy (SEM), Fourier
transform infrared spectroscopy (FTIR), X-ray diffraction (XRD),
and differential scanning calorimetry (DSC). A new SMEDDS
have been formulated with enhance dissolution rate and have
potential to improve oral bioavailability of tacrolimus due to the
bio enhancing property of excipients.

MATERIALS AND METHODS

Materials

Tacrolimus was gifted from Alembic Ltd., Pharma Vadodara,
India. The Marketed Capsule of tacrolimus (Pangraf-Panacea)
was purchased from a local supplier. Phosal 53 MCT and
Phosal 75 SA were gifted from Lipoid, Germany. Lauroglycol
FCC, Gelucire 50/13, Labrafil M2130, and Maisin 35-1 were
kindly gifted from Gattefosse, Mumbai, India. Cremophor
RH and EL were kindly gifted from Matrix lab, Hyderabad, India.
PEG 400 and Tween were purchased from Rankem, Mumbai,
India. Florite RE was gifted from Tomita Pharmaceutical
Co., Ltd, Tokushima, Japan. High-performance liquid
chromatography (HPLC) grade Acetonitrile was purchased from
RFCL limited, New Delhi, India.

Methods

Solubility studies

The solubility of tacrolimus in various vehicles, including oils,
surfactants, and co-surfactant was determined by the shake flask
method.!" An excess amount of tacrolimus was added to each
vial containing 1 mL of the vehicle. After sealing, the mixture
was vortexed using a vortex mixer at a maximum speed for
10 min in order to facilitate proper mixing of tacrolimus with
the vehicle. Mixtures were then shaken in an orbital shaker
maintained at room temperature until equilibrium (24 h).
Mixtures were centrifuged at 15,000 rpm for 10 min, and the
resulting supernatant was filtered through the Whatman filter
paper. The filtrate was quantified by the developed HPLC
method."" Briefly, mobile phase was acetonitrile 100% at a flow
rate of 0.9 mIL/min. The wavelength used for detection was
213 nm. A calibration curve was constructed from tacrolimus
concentrations ranging between 5 and 250 ug/mL, which yielded
a linear correlation ( = 0.997).

Emulsification studies

Emulsification studies were conducted to select the optimum
Oil: Smix (surfactant; co-surfactant mixture) ratio. Surfactant
and co-surfactant were mixed at a fixed ratio of 2:1. Oil to Smix
ratios were 4:6, 3:7, 2:8, 1:9 and the mixture was homogenized
with the aid of the gentle heat (30-40°C) and vortexed for 2 min
in a vortex mixer. 0.5 mL formulation was added in 125 mL of
water in the beaker during constant stirring on a magnetic stirrer
at low speed. The resulting emulsions were observed visually
for the relative turbidity. The emulsions were allowed to stand
for 2 h and their % transmittance was measured at 638.2 nm
by a UV-1800 spectrophotometer (Shimadzu, Japan) using the
distilled water as a blank.!""!
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Preparation of liquid SMEDDS

The formulations were prepared by dissolving the required
amount of tacrolimus in the mixture of oil, surfactant and
co-surfactant, at 40°C in a water bath. This mixture was mixed
by vortexing until a transparent preparation was obtained. Then,
a formulation equivalent to 5 mg tacrolimus was manually filled
in a hard gelatin capsule of size “1” [Table 1].

Thermodynamic stability studies

The objective of the thermodynamic stability was to evaluate the
effect of temperature variation on the SMEDDS formulations.
Tacrolimus SMEDDS were centrifuged at 15,000 rpm for 15 min
and the formulations were observed visually for phase separation.
The formulations were subjected to freeze-thaw cycles (—5°C for
2 days followed by +40°C for 2 days). The samples were observed
visually after freeze-thaw cycles.

Cloud point measurement

The formulations were compared for cloud point value. Each
formulation was diluted with water in the ratio of 1:100 and
placed in a water bath with a gradual increase in temperature. At
the cloud point, drop in sample % transmittance was measured

spectrophotometrically.®

Precipitation analysis
The prepared SMEDDS were diluted with 0.1N HCI up to
250 times. The diluted microemulsion was observed at 1 h and

6 h for any sign of phase separation or drug precipitation."’

Preparation of solid SMEDDS

Thermodynamically stable liquid SMEDD was converted to solid
SMEDDS to get the advantage of the solid dosage form. The
prepared liquid formulation of tacrolimus was added drop-wise
on a solid carrier in glass mortar. The mixture was physically
mixed until uniform free-flowing powder was obtained. This
powder was screened through a 40# sieve. Then the powder was
filled in a “00” size hard gelatin capsule shell.l”!

Drug content
The total amount of the drug in the formulation was analyzed
by dissolving the formulation in 10 mIL ACN (acetonitrile). This

solution was vortexes for 10 min in vortex mixture. The mixture

Table 1: Composition of liquid SMEDDS and
solid SMEEDDS. Data are expressed as mean

(SD [n=3])

Ingredient P1 (mL) P2 (mL) P3 (mL) P4 (mL)
Tacrolimus* 5 5 5 5
Lauroglycol FCC 0.05 0.05 - -
Maisin-35 - - 0.05 0.05
Cremophor RH 0.3 - 0.3 -
Tween 20 - 0.3 - 0.3
PEG 400 0.15 0.15 0.15 0.15
Drug content 99.12+1.2 98.23+1.6 98.57+1.5 100.13+1.8

*:1n mg, In each batch 5 mg drug was dissolved in 0.5 mL of mixture, To minimize the
error in measurement minimum batch size kept 2 mL, All liquid formulations were
converted in solid by adding go mg of Florite RE (porous calcium silicate), All solid
formulations showed drug content in range of 97-101%, SMEDDS: Self-emulsifying or
micro emulsifying, PEG: Polyethylene glycol

was centrifuged at 15,000 rpm for 10 min. Then the supernatant
was filtered through the Whatman filter paper. The filtrate was
analyzed by HPLC after suitable dilution [Table 1].

/n vitro dissolution

Liquid and solid SMEDDS was filled in capsule shell and in vitro
release profile was taken in a USP (united state pharmacopoeia)
apparatus 2 at 37 + 0.5°C, at 75 RPM in 300 mL 0.IN HCI. At
pre-determined intervals, 3 mL of the medium was sampled and
filtered through the Whatman filter paper. Then, 20 uL of the
fitrate was analyzed by HPLC.

Globule size analysis

The globule size and size distribution were analyzed by the
dynamic light scattering with a globule size apparatus (Malvern
Zetasizer version 6.11). Liquid and solid SMEDDS were diluted
250-times with 0.1 N HCI at 25°C under gentle shaking. After
equilibrium, the emulsions were filtered through a Whatman
filter paper. The filtrates were analyzed by Zeta sizer. A laser
beam at 632 nm wavelength was used and light scattering was
monitored at 25°C at a 90° angle.!"”!

Solid state characterization of solid SMEDDS

DSC analysis

The physical state of tacrolimus in solid SMEDDS was
characterized by the DSC (DSC-60, Shimadzu Corporation,
Japan). The samples (about 3.00 mg) were placed in standard
aluminum pans and the air was used as an atmosphere. All

samples were scanned at a temperature ramp speed of 10°C/min
and the heat flow was set from 50°C to 200°C.

XRD analysis

X-ray powder scattering measurements were carried out with
a D2 Phaser diffractometer at room temperature using the
monochromatic CuKa-radiation at 34 mA and at 38 kV over a
range of 20 angles from 5° to 60° with an angular increment of

0.05%s.11%!

SEM

The morphological features of solid tacrolimus SMEDDS were
observed by scanning electron microscope (Model: ESEM
TMP + EDAX; Make: Philips, Netherland Detector: Secondary
and back scattered electron detector).

FTIR spectroscopy

The IR spectra were recorded on the FTIR (Jasco, FTIR model
6100, Japan) by using a potassium bromide pressed disc method.
The scanning range was 400-4000 cm™".

Determination of the shelf-life of the optimized
formulations

Accelerated stability studies were performed for the determination
of the shelf-life. The SMEDDS formulations were kept at three
different temperatures and ambient humidity conditions (30 = 0.5,
40 % 0.5, and 50 = 0.5°C) for 2 months. The samples were
withdrawn after specified time intervals (0, 15,30, 45, and 60 days)
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and the remaining drug content was measured using the HPLC
method. Zero time samples were used as controls. The order of
the reaction was determined. After determination of the order of
the reaction, the reaction rate constant (K) for the degradation was
measured from the slope of the lines at each elevated temperature
using the following equation:

Slope = -K/2.303

The plot of the logarithm of K values at various elevated
temperatures against the reciprocal of absolute the temperature
was drawn (Arrhenius plot). From the plot, the K value at
25°C was determined and was used to calculate shelf-life by
substituting in the equation:

t,, = 0.1052/K .

Where t, is the time required for 10% degradation of the drug
and is referred to as the shelf-life.""”

RESULTS AND DISCUSSION

Solubility studies

The equilibrium solubility of tacrolimus in various oil, surfactant
and co-surfactant were shown in Figure 1. From the SMEDDS point
of view, solubility in various excipients is an important criterion. In
SMEDDS, the drug was soluble in the oil phase and/or was present
at the interface. It depended on the hydrophobicity of the drug and
the HLB value of the system. Maisin 35-1 and Lauriglycol FCC
showed higher solubility compare to other oils. In order to prevent
the precipitation of drug on dilution it is necessary to select oil,
which shows higher solubility.?*?!

Tween 80 shows higher solubility compare to Tween 20. In our
study, we selected the Tween 20 due to its higher ability to form
spontaneous emulsion (data of surfactant/co-surfactant selection
was not shown) having the higher value of % transmission, yet
able to keep drug in solubilized state upon dilution. The same

parameters were keptin mind during the selection of Cremophor

RH over Cremophor EL. Drug showed the highest solubility in
co-surfactant PEG 400.

Emulsification studies

Emulsification studies were conducted in order to select proper ratio
of Oil:Smix. From the data (not shown) of screening of surfactant
and co-surfactant, ratio of surfactant to co-surfactant was kept 2:1
constant for all batches. Emulsification studies were performed to
evaluate the ability of Smix to emulsify oil phase [Table 2]. Both
Maisin 35-1 and Lauroglycol FCC oils required 90% of Smix at
2:1 ratio to form almost transparent emulsion in less than 15 s.

Thermodynamic stability studies

Thermodynamic stability studies were performed to observe
the ability of the formulation to withstand different stress
conditions. A stable SMEDDS formulation should not lose its
ability of spontaneous emulsification upon dilution. All liquid
formulations were found to be stable in the centrifugation test and
in the freeze-thaw cycle. There was no sign of phase separation.
Results are shown in Table 3.

Cloud point

The cloud point is the temperature above which the formulation
clarity turns into cloudiness. At higher temperatures, phase
separation can occur. Since both drug solubilisation and formulation
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Figure 1: Solubility of tacrolimus in the different vehicles. Data are
expressed as mean = standard deviation (n = 3); *=10% solution

Table 2: Emulsification studies for screening of excipients

oil Surfactant Ratio of oil:Smix D.T (sec) % Transmittance Observation
Lauroglycol FCC Tween 20 40:60 15-30 7.63 Turbid (+++)
Lauroglycol FCC Tween 20 30:70 15-30 19.5 Turbid (++)
Lauroglycol FCC Tween 20 20:80 0-15 13.63 Turbid (++)
Lauroglycol FCC Tween 20 10:90 0-15 95.37 Clear bluish tint
Lauroglycol FCC Cremophor RH 40:60 15-30 30.46 Turbid (++)
Lauroglycol FCC Cremophor RH 30:70 15-30 44.78 Turbid (+)
Lauroglycol FCC Cremophore RH 20:90 0-15 84.82 Slightly turbid
Lauroglycol FCC Cremophore RH 10:/90 0-15 95.98 Transparent
Maisine Tween 20 40:60 15-30 30.89 Turbid (++)
Maisine Tween 20 30:70 15-30 42.67 Turbid (++)
Maisine Tween 20 20:80 0-15 78.38 Turbid (+)
Maisine Tween 20 10:90 0-15 92.5 Transparent-bluish tint
Maisine Cremophor RH 40:60 15-30 39.89 Turbid (++)
Maisine Cremophor RH 30:70 15-30 55.27 Turbid (++)
Maisine Cremophor RH 20:80 0-15 72.31 Turbid (+)
Maisine Cremophor RH 10:90 0-15 93.47 Transparent

PEG 400 was used as a co-surfactant (surfactant to co-surfactant ratio was 2:1), DT: Dispersion time
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stability will decline with this phase separation, the cloud point of
the formulation should be over 37°C. In this study, the cloud points
of all formulations were very high as reported in Table 3.1

Precipitation analysis

Out of four different formulations, the P4 was precipitated on
dilution with 0.1 N HCL at 250 times after 6 h. Although there
was no sign of precipitation up to 2 h in all formulations, Table 3.

Drug content
All liquid and solid SMEDDS showed drug content within
97-102%, Table 1.

/n vitro dissolution
The marketed formulation [Figure 2] showed that 71% drug was
released within 120 min, whereas, the pure API powder showed that

only 20% drug was released within 120 min. In vitro release profile
of liquid P1 showed that 90% drug was released within 5 min. It
might be due to quick emulsification properties of SMEDDS and
its ability to keep drug in solubilized state upon dilution, whereas
solid SMEDDS containing Florite RE as a carrier showed that 70%
drug was release within 5 min. This indicates that solid SMEDDS
also able to disperse spontaneously and can release drug quickly.
P1 liquid and P1 solid formulations showed comparatively better
dissolution profile than other SMEDDS formulations.

Globule size analysis

Droplet size of SMEDDS is a critical step in the pathway of
enhancing drug bioavailability. For P1 liquid and P1 solid
formulations the globule size was found to be 113.7 nm and
164.1 nm respectively [Figure 3]. The polydispersibility indexes
were 0.349 and 0.825 for P1 liquid and P1 solid respectively.

Table 3: Thermodynamic stability, cloud point, precipitation studies

Formulation Centrifugation test Freeze thaw cycle Cloud point (Temp°C) Precipitation
After 1 h After 6 h
P1 No phase separation No phase separation 71 Clear Clear
P2 No phase separation No phase separation 69 Clear Clear
P3 No phase separation No phase separation 65 Clear Clear
P4 No phase separation No phase separation 75 Clear Precipitated
Liquid SMEDDS Solid SMEDDS
——A
—a— P,
2 ——
BB —c—n.F
—e— AU P2-F
—— =
—— P -F
——
1490 40 60 30 100 120 140
Time (min) Time (min)

Figure 2: In vitro dissolution profile in 0.1 N HCL (A = pure API powder, M = marketed product)

Intensity (%)

1 10 100 1000 10000

Size (d. nm)

Figure 3: Globule size of liquid P1 and solid P1 self-microemulsifying
drug delivery system
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Figure 4: Differential scanning calorimetric thermogram of tacrolimus
powder (a), Florite RE (b), physical mixture of tacrolimus and Florite
RE (c) and solid self-microemulsifying drug delivery system of
tacrolimus (d)
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There was not much different between globule size of P1 solid
and P1 liquid, indicating suitability of Florite RE as a carrier.
No significant difference between the droplet sizes and %
transmittance [Table 4] of liquid and solid SMEDDS suggested
the capability of the lipid components of solid SMEDDS to retain
its emulsification properties irrespective of physical form change.

DSC analysis

DSC thermograms are shown in Figure 4. Sharp endothermic
peak was observed at 129.6°C temperatures, which corresponds
to melting temperature of the tacrolimus, Figure 4a. There
was no endothermic peak in the Florite RE thermogram. The
physical mixture shows an endothermic peak of tacrolimus.
However, this endothermic peak was not found in thermogram
of the solid SMEDDS which confirms the presence of drug in

an amorphous form.

XRD analysis

The XRD pattern for tacrolimus powder is shown in Figure 5a.
This shows the characteristic sharp peaks at a particular diffraction
angle. Florite RE showed characteristics XRD pattern [Figure 5b].
All major characteristic peaks of Florite RE were also observed in
the physical mixture [Figure 5c]. But, this crystalline pattern was
not found in the XRD plot of solid SMEDDS [Figure 5d]. Florite
RE showed characteristics XRD pattern [Figure 5b]. This further
confirmed that the drug was present in an amorphous form.

SEM

The scanning electron micrographs of tacrolimus powder, Florite
RE and PI solid SMEDDS are shown in Figure 6. Tacrolimus
powder [Figure 6a] appeared as smooth-surfaced crystalline
powder. Florite RE [Figure 6b] appeared with a rough surface with
porous particles. However, the solid SMEDDS [Figure 6c] did
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Figure 5: X-ray diffraction pattern of powder tacrolimus (a), Florite RE (b), physical mixture (c), solid self-microemulsifying drug delivery system

of tacrolimus (d)

100

International Journal of Pharmaceutical Investigation | April 2013 | Vol 3 | Issue 2



Patel, et al.: Dissolution enhancement of tacrolimus

not show any crystalline drug powder, indicating that the liquid is shown in Table 5. It can be seen from the table that the

SMEDDS is absorbed or coated inside the pores of Florite RE. concentration of drug remaining undecomposed in the P1
liquid formulation at the end of 60 days was 97.32%, 88.21% and
FITR 39.2% at 30 = 0.5, 40 = 0.5 and 50 % 0.5°C respectively. The

The IR spectra of tacrolimus, Florite RE, Physical mixture and
solid SMEDDS are presented in Figure 7. Tacrolimus powder
shows O-H stretching vibration at 3450, cm™!, C = O (ester
and ketone) stretching vibrations at 1733, and 1690 cm™',
C = O (keto-amide) and C = C stretching vibration at 1638 cm ™,
C-O (ester) stretching vibration at 1184 cm™!, C-O—-C (ether)
stretching vibrations at 1091 cm ™. Majority of above peaks are
weakened, sifted or disappeared in physical mixture and solid
SMEDDS. All of the above indicated an interaction of tacrolimus
with the carrier, which mightbe hydrogen bonds results from the
dissolving of tacrolimus in SMEDDS excipients.

Shelf-life of optimized formulations

Accelerated stability studies were performed for the determination
of the shelf-lives of the P1 liquid and PI solid SMEDDS
formulations. The amount of drug remaining undecomposed

in the formulation P1 liquid and P1 solid at each time interval

Table 4: Globule size analysis and %
transmittance

Sample Particle size (nm) % Transmittance

P1-liquid 113.77 99.10 y .
P1-solid 164.1 99.20 %25 ‘m gpas¥sH-S6 y BkU X1,808 18nm 0OBP- JSM-S
P2-liquid 309 92.68 S T
P3-liquid 251.9 99.13 Figure 6: Scanning electron microscopy images of (a) tacrolimus;
P4-liquid 234.7 93.11 (b) Florite RE; (c) solid self-microemulsifying drug delivery system of
Dilution 250 times in 0.2 N HCL tacrolimus

Table 5: Percent drug remaining in P1 liquid and P1 solid stored at elevated temperatures (30+0.5,
40+0.5 and 50+0.5°C)

Time (days) Temperature °C For liquid (P1) For solid (P2)
% Drug remained Log % drug remaining % Drug remained Log % drug remaining

0 30+0.5 100 2 100 2

15 30+0.5 99.2 1.996512 99.2 1.996512
30 30+0.5 99.04 1.995811 98.7 1.994317
45 30+0.5 98.52 1.993524 98.3 1.992554
60 30+0.5 97.32 1.988202 97.8 1.990339
0 40+0.5 100 2 100 2

15 40+0.5 96.5 1.984527 97.41 1.988604
30 40+0.5 95.31 1.979138 94.3 1.974512
45 4040.5 92.1 1.96426 92.5 1.966142
60 40+0.5 88.21 1.945518 89.3 1.950851
0 50+0.5 100 2 100 2

15 50+0.5 76.12 1.881499 721 1.857935
30 50+0.5 59.54 1.774809 52.3 1.718502
45 50+0.5 46 1.662758 41.2 1.614897
60 50+0.5 39.2 1.593286 31.2 1.494155

Table 6: Degradation rate constant for tacrolimus in P1 liquid SMEDDS and P1 solid SMEDDS

Tem °C Tem °k 1/T*1000 k-1 For liquid p1 For solid p1

Slope k*10-4 Log k Slope k*10-4 Log k
30 303 3.30033 -0.000197 4.528427 -3.34405 -0.00016 3.708269571 -3.4308287
40 313 3.194888 -0.000908 20.91208 -2.6796 -0.00082 18.86484836 -2.72434668
50 323 3.095975 -0.006779 156.1104 -1.80657 -0.008 184.24 -1.73461608
25 298 3.355705 1.577504 1.141145135 -3.94194881

SMEDDS=Self-emulsifying or micro emulsifying
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Figure 7: Fourier transform infrared spectroscopy spectra of powder tacrolimus (a), Florite RE (b), physical mixture (c), solid self-microemulsifying
drug delivery system of the tacrolimus (d)

concentration of drug remaining undecomposed in the solid P1
formulation at the end of 60 days was 97.8%, 89.3% and 31.2%
at30 = 0.5, 40 = 0.5 and 50 = 0.5°C respectively.

The order of degradation of tacrolimus in the SMEDDS
formulations was found to follow first-order kinetics. The reaction

rate constant “K” for the degradation was measured from the slope
of the lines at each elevated temperature. The plot of the logarithm
of the K values for liquid P1 and solid P1 SMEDDS [Table 6] at
cach elevated temperature against the reciprocal of the absolute
temperature was drawn (Arrhenius plot) as shown in Figures 8
and 9. From the plot, the K value at 25°C was determined and
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was used to calculate the shelf-life. The shelf-life of the liquid P1 REFERENCES

at room temperature was calculated to be 1.84 years and for the
solid P1 formulation, the shelf-life was 2.55 years.

CONCLUSION

Liquid SMEDDS and solid SMEDDS were prepared for
immunosuppressant tacrolimus. Optimized liquid SMEDDS
contains 10% Lauroglycol FCC, 60% Cremophor RH and 30%
PEG 400, which showed spontancous emulsification properties
and good thermodynamic stability. Liquid SMEDDS and solid
SMEDDS showed a better in vitro drug release profile compared
with pure API and the marketed product. SEM, IR, XRD and
DSC results proved that the drug was present in an amorphous
state in solid SMEDDS. The present study confirmed that the
new self-microemulsifying systems containing bio-enhancer
excipients are promising strategies for enhancing dissolution rate
and thereby oral bioavailability of the tacrolimus. Excipients used
in the formulation are known for inhibition of CYP metabolism
and pgp efflux studies. The optimized formulation is able to
inhibit CYP metabolism and Pgp efflux (data are not shown).
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