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Desai et al.: Formulation of Carvedilol Self Micro-Emulsifying Drug Delivery System

The current work involves preparation and evaluation of self-micro emulsifying drug delivery system of
carvedilol, an nonselective betablocker and alpha-1 blocker. Oral self micro-emulsifying drug delivery system
of Carvedilol were prepared by studying the solubility in different oils, surfactants and co-surfactants and
formulations were prepared using mixtures of oils, surfactants, and cosurfactants in various proportions.
Based on the solubility study, the optimised self micro-emulsifying drug delivery system of carvedilol was
prepared using Capryol 90 as oil phase and tween 20 and transcutol P as surfactant and co-surfactant,
respectively. The formulations were evaluated for stability, globule size and in vifro performance. To estimate
the drug content from various excipients, final microemulsion formulations and ir vitro performance study, a
stability-indicating validated high-performance liquid chromatography method was developed using Inertsil
ODS-3V (150 mmx4.6 mm, S pm) high-performance liquid chromatography column. The method was
validated for various parametes like accuracy, linearity, precision (intraday and interday) and robustness.
All the validation parameters were in acceptable range. The developed method was found to be specific
accurate and robust for estimation of carvedilol from its microemulsion formulations.
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Amongst the available various dosage forms,
oral delivery systems are preferred for chronic
treatment. The potent lipophilic molecules which
are used in the chronic oral treatment, exhibits
low bioavailability owing to their poor aqueous
solubility. Nearly 40 % of new drug candidates
exhibit low solubility in water due to the lipophilic
nature, which leads to poor oral bioavailability,
high intra and inter-subject variability and lack
of dose proportionality. The dissolution of these
molecules in the gastrointestinal fluids is the rate
limiting step for the absorption!!.

Self-Emulsifying Drug Delivery System (SEDDS)
gained great importance in last two decades as
promising lipid-based drug delivery approach for
poorly water soluble and low bioavailable drugs,
as an alternative strategy to the conventional
drug delivery system!>*. SEDDS are isotropic
systems comprising of oil, surfactant, co-
surfatant/co-solvent. Upon oral administrations
of SEDDS, the digestive motility of the stomach
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and intestine provide the agitation necessary
for self-emulsification into a fine oil-in-water
emulsion which are thermodynamically stable
and homogenous systems!*. This leads to in situ
solubilization of drug that can subsequently be
absorbed by lymphatic pathways, bypassing the
hepatic first-pass effect resulting in increasing the
bioavailability.

Carvedilol (CVD), a non-selective beta blocker
with selective alpha-1 blocking activity, is
Biopharmaceutical Classification System Class 11
drug which is widely use for the treatment of high
blood pressure, Congestive Heart Failure (CHF),
and left ventricular dysfunction in people who
are otherwise stablel®. After oral administration
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CVD is absorbed rapidly from the gastrointestinal
tract but due extensive first-pass metabolism by
Cytochrome P450 it exerts low bioavailability
(about 25 %) with a short elimination half-life of
about 2-6 h!®”l. The CVD shows a pH dependent
aqueous solubility in physiological pH range of
the gastro-intestine from 1.2 to 7.8. The solubility
in water is only about 30 pg/ml, whereas the high
solubility (500 to 2500 pg/ml) is observed in pH
age of 1.2 to 5.0 and this solubility decreased with
increasing the pH which explain its low availability
at the absorptive sitel®). Thus, the aim of this
investigation is to enhance the oral bioavailability
of CVD by preparation and characterization of a
SEDDS formulation of CVD which will increase
the solubility and avoid the extensive hepatic first-
pass metabolism by lymphatic absorption, thus
resulting in increased bioavailability.

MATERIALS AND METHODS

CVD and its impurities were obtained as gift
sample from Ipca Laboratories Ltd., Mumbai, India.
Capryol 90, Labrasol, Lauroglycol 90, Lauroglycol
FCC, Transcutol P Labrafac (Gattefosse), Capmul
MCM (Abitec Corp), Myvacet 9-45K (Kerry Inc.),
Miglyol 812 (IOI Oleo GmbH), Tween 20 and 80,
Polyethylene glycol 400 were procured from S.D.
Fine Chem Ltd. Acetonitrile (High-Performance
Liquid Chromatography (HPLC) grade), methanol
(HPLC grade), triethylamine (for Chromatography)
and orthophosphoric acid 88 % (Emparta® ACS)
was purchased from Merck Life Sciences Pvt.
Ltd.,, Mumbai, India. Milli Q water, obtained
from Millipore (Massachusetts, USA), was used
in preparation of solutions. Reference product
(Cardivas, Sun Pharmaceutical Industries Ltd.) was
procured from the local market. Buffers and all other
chemicals were of analytical grade.

The Waters Alliance chromatographic system was
used for estimation of drug content in various oils
and surfactant during the screening, from final
formulation and for dissolution studies. Cyclomixer
(Remi, Mumbai, India) and Sonicator (PCI Analytics,
Mumbai, India) were used for preparation and
analysis of SMEDDS.

Stability-indicating HPLC method:

An in-house reverse-phase HPLC method was
developed and validated for estimation of CVD
from oils, surfactant/cosurfactant (S/CoS) and final
developed SMEDDS. The HPLC apparatus consisted
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of Waters Alliance series sample manager HPLC
with quaternary pump, equipped with Waters 2996
Photodiode array detector (Waters, USA), Empower 3
integrator software and Inertsil ODS-3V (150 mmx4.6
mm, 5 pum) HPLC column. The column temperature
was kept at 50°. A gradient program was used for
the elution of CVD from various excipients and final
SMEDDS formulations. The Mobile Phase A (MPA)
consisted of 0.02 M potassium dihydrogen phosphate
pH 2.8 buffer:acetonitrile (990:10) and Mobile Phase
B (MPB) consist of methanol:acetonitrile:buffer
(500:400:150) with a gradient program as 0 to 8 min
MPA:MPB (55:45); 8.1 to 12 min (0:100); 12.1 to 16
min (55:45) at a flow rate of 1.5 ml/min that led to
a retention time of 6.6+0.2 min when detection was
carried out at 240 nm. The assay was linear (r>=0.999)
in the concentration range 15-270 pg/ml. The method
was validated with respect to accuracy and inter and
intraday precision as per International Council for
Harmonisation guidelines and the relative standard
deviation was less than 2 % in both the cases!'’). The
method was evaluated for robustness with deliberate
changes in column temperature, pH of mobile phase
and sample preparation sonication time.

Solubility studies:

Solubility of CVD in various selected excipients
(oils, surfactants, and co-surfactants) was determined
by shake flask method. An excess amount of CVD
was added to eppendorf tube containing selected
excipients (each 0.4 g) and mixed using cyclomixer.
The eppendorf tubes were incubated in reciprocating
water bath shaker (Boekel Scientific, Pennsylvania,
USA) at 37° and shaken for 24 h. Samples were
centrifuged at 5000 rpm for 15 min and supernatant
was taken and subsequently diluted in a different
organic solvent depending upon miscibility of oils!!.
The diluted samples were analyzed using developed
and validated HPLC method.

Screening of surfactants and co-surfactants based
on emulsifying ability:

The emulsifying ability of surfactants and co-
surfactants was evaluated by their emulsifying
potency as reported previously!!?l. Briefly, oil,
surfactant and co-surfactant were mixed at 1:2:1
ratio and the mixtures were cyclomixed for 5 min
and heated at 40° for homogeneous mixing. The
obtained mixtures were weighed (50 mg) accurately
and diluted with double distilled water to 50 ml to
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yield a fine emulsion. The resulting emulsions were
observed visually for physical appearance, optical
clarity and separation of dispersed phase over a
period of 12 h and their percentage transmittance was
taken at 638.2 nm by Ultraviolet spectrophotometer.

Construction of pseudo ternary phase diagrams:

Ternary phase diagram of oil, surfactant:co-
surfactant and water was plotted in which each of the
component represented apex of the triangle. Ternary
mixtures with varying compositions of surfactant,
co-surfactant and oil were prepared. Twenty
five experiments were conducted with varying
concentrations of oil, surfactant and cosurfactant. The
oil, surfactant and cosurfactant concentration was
varied from 10 % to 90 %. Drug, 25 mg was added
to mixture of oily phase, surfactant and cosurfactant
followed by stirring using cyclomixer (Remi,
Mumbai, India). Compositions were evaluated for
microemulsion formation by diluting 240 mg each
of the 25 mixtures from each phase diagram to 25 ml
with 0.45 pum filtered distilled water. The mixtures
were equilibrated for 12 h to examine for any signs
of phase separation. Microemulsions which showed
precipitation of the drug, phase separation or cracking
were rejected. Microemulsions having globule size
200 nm or below were considered desirable. The
area of microemulsion formation was identified for
respective systems and phase diagram was plotted.
The mean globule size of most stable microemulsion
was recorded by photon correlation spectroscopy
(Beckmann N5 coulter, Miami, USA)!!H131,

Preparation of SMEDDS:

The required quantity of oil, surfactant and
cosurfactant were mixed thoroughly by stirring on
cyclomixer (Remi, Mumbai, India). The requisite
quantity of CVD was weighed accurately and
dissolved in the mixture by stirring. The mixtures
were equilibrated for 12 h to observe for any signs
of phase separation. Accurately weighed 240 mg of
the SMEDDS were filled in size “3” hard gelatin
capsules until further evaluation.

Evaluation of SMEDDS:

Appearance: The SMEDDS formulations before
dilution were evaluated visually for color, appearance
and consistency and for homogeneity of oil-surfactant
mixture and absence of precipitation of drug.

Globule size analysis: The average globule size
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and polydispersity index of microemulsions
were determined by the photon correlation
spectroscopy (Beckmann N5 coulter, Miami, USA).
Microemulsions were diluted with double distilled
water to ensure that the light scattering intensity
was within the instruments sensitivity range.
Measurements were made in triplicate for all the
microemulsions!'4).

Drug content: SMEDDS equivalent to 25 mg
CVD were weighed, suitably diluted with methanol
and estimated for drug content by developed and
validated HPLC method. The analysis was performed
in Triplicate!'.

Effect of pH on globule size: To study the effect
of pH, 240 mg of the system was diluted to 10 ml
using buffer solutions. The effect of 0.7 % HCI (pH
1.45), pH 4.5 (Acetate buffer), pH 6.8 (Phosphate
Buffer) was determined using photon correlation
spectroscopy.

Effect of dilution and pH of dilution on SMEDDS:
Robustness of the selected formulations for dilution
was assessed by exposing them to 100-, 400- and
1000-fold dilution with water, 0.7 % HCI (pH 1.45),
pH 4.5 (Acetate buffer), pH 6.8 (Phosphate Buffer).
The diluted microemulsions were stored for 6 h
and monitored for any physical changes (such as
precipitation or phase separation)!s),

Effect of CVD loading: Drug was incorporated at
dose levels of 6.25, 12.5, 25, 37.5 and 50 mg in blank
formulations F2 and F5. SMEDDS equivalent to 25
mg drug was dispersed in 10 ml double distilled water
and evaluated for globule size, drug precipitation and
phase separation, if any.

Thermodynamic stability: The objective of
thermodynamic stability is to evaluate the phase
separation and effect of temperature variation on
SMEDDS formulations. Microemulsions were
subjected to centrifugation at 15 000 rpm for 15
min and observed visually for phase separation.
Optimized SMEDDS formulations were subjected to
the freeze-thaw cycles by storing them at -20° for 24
h and then at 40° for another 24 h.

In vitro dispersion test: F2 and F5 SMEDDS were
filled in size ‘3’ hard gelatin capsules and evaluated
for dispersion using United States Pharmacopeia
(USP) type II apparatus. Dissolution was performed
in 900 ml, 0.7 % HCI pH adjusted to 1.45 with NaOH
buffer at 50 rpm as indicated in USP monograph.
The samples were withdrawn at predetermined time
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intervals and analyzed using HPLC A__ of 240.0 nm.
The analysis was conducted on six replicates and the
average drug release£S.D. was calculated! !5,

RESULTS AND DISCUSSION

The SEDDS of CVD was prepared using the
different combinations of oils and surfactant. An
HPLC method was developed for estimation of CVD
from various oils and it formulation. Representative
chromatogram of developed method is given as fig.
1. The method precision showed percentage RSD of
0.2 % and the intermediate precision also showed
the percentage RSD of 0.4 % which was very well
within the acceptance criteria of 2.0 %. The accuracy
study was performed by recovery at 50 %, 100 % and
150 % level in triplicate. The mean recovery value of
100.4 % was observed against the acceptance criteria
of 80 %-120 %. The robust ness studies performed
by deliberate changes in the column temperature by
+2° showed RSD of 0.8%, change in pH of buffer by
+0.2 units showed RSD of 1.1 %, whereas change
in sample preparation time i.e. sonication time by
+5 min showed RSD of 0.4 %. The above validation
results indicate that the developed method is accurate,
precise and robust in nature for its intended use.

Selection of suitable oils and surfactants is an
important step in the design of SMEDDS containing
poorly water-soluble drugs. The volume of the
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formulation is critical and should be kept minimal
to deliver the therapeutic dose of the drug in
an encapsulated form. Therefore the study was
performed to identify oils and surfactants that
possess good solubilizing capacity for CVD. The
pre-concentrate mixture should be clear, monophasic
liquid at ambient temperature and should have good
solvent properties to allow presentation of the drug
in solutiont!!-16,

Oils represent one of the most important excipients
in the SMEDDS not only because it can solubilize
marked amount of hydrophobic drugs but can
also  determine the  self-microemulsification
efficiency and absorption of drugs from the
Gastrointestinal (GI) tract. It is well established that
modified or hydrolyzed vegetable oils have good
solubilization!'”!*! and emulsifying properties!'?!. In
the present investigation, modified oils like capryol
90, capmul MCM C8 and isopropylmyristate were
found to solubilize more amount of CVD than other
naturally available oils (fig. 2a). Isopropylmyristate
is not used for oral systems hence was not considered
for further evaluation. Literature cites that active
pharmaceutical ingredients are more soluble
in medium-chain triglycerides than long-chain
triglycerides because they possess higher ester
content per g than long-chain triglycerides".

am
Mirotes.
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Fig. 1: Representative chromatogram of developed RP-HPLC method
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Fig. 2: Solubility study of carvedilol
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Fig. 2b shows the solubility of CVD in various
surfactants and co-surfactants. Cremophor EL
exhibited maximum solubility of 56.3 mg/g followed
by Tween 20 (50.1 mg/g), and solutol HS-15 (47.426
mg/g). In addition to their ability to solublize poorly
soluble drugs, nonionic surfactants are also known
to be less irritant and cytotoxic than their anionic
and cationic counterparts; and are less affected by
pH and changes in ionic strength that are likely to
be encountered in gastrointestinal environment!'?),
The surfactant and cosurfactant was selected on the
basis of their ability to solubilize the drug and their
emulsification efficiency. The selection of surfactant
would be governed by their emulsification efficiency
towards the oily phase. Amongst the cosurfactants,
Transcutol P (72.3 mg/g) showed the highest
solubility of CVD followed by Labrasol (23.9 mg/g)
and Polyethylene Glycol (PEG) 400 (14.6 mg/g).

The turbidimetric method was performed to screen
the various surfactants and co-surfactants to emulsify
the selected oily phase. The intensity of light passing
through such dispersions is attributed to the scattering
of light which occurs due to absence of optical
homogeneities in the medium!'¥. The percentge
transmittance could directly be used to correlate
the relative droplet size of the emulsion and are
depicted in Table 1 and Table 2. The emulsification
evaluation distinctly indicates the capability of
various combinations of surfactant and co-surfactant
to emulsify oils. Amongst the various surfactant
evaluated tween 20, solutol HS15 and cremophor EL
showed good emulsifying ability towards capryol™
90 than capmul® MCM (Table 1 and Table 2).

These studies indicated that cremophor EL was
relatively superior surfactants in emulsifying oils
and along with transcutol P and PEG 400 as a co-
surfactants. Hence, pseudoternary phase diagrams
were constructed using capryol 90 with various
combinations of surfactants and co-surfactants.

Upon gentle agitation self-micro emulsifying systems
form very fine oil-water emulsions, when they
are mixed with aqueous media. Surfactant and co
surfactant are predominantly adsorbed at the interface
of oil and water, which reduces the interfacial energy.
Thus reduction in the free energy required for the
emulsification improves the thermodynamic stability
of the microemulsion formulations. Therefore, the
selection of oil and surfactant, and the mixing ratio of
oil to S/CoS, play an important role in the formation
of the microemulsion®".,

In the present study, capryol 90 was tested for phase
behavior studies with different combinations of
cremophore EL and solutol HS-15 with transcutol
P, labrasol and PEG as the S/CoS mixture. As
seen from the ternary plots, capryol 90 gave a
wider microemulsion region at all combinations
of cremophore EL/transcutol P as S/CoS ratios
and solutol HS-15/PEG 400 as S/CoS ratios. The
microemulsion area increased as the S/Cos ratios
increased. However, it was observed that increasing
the surfactant ratio resulted in formation of viscous
solutions. Thus, an S/CoS ratio 1:1 for cremophore
EL and transcutol P system and 2:1 for solutol HS-
15 and PEG 400 system was selected during the
formulation study. The phase diagram constructed
with the selected system is given in fig. 3.

TABLE 1: EMULSIFICATION STUDIES FOR CAPRYOL 90 AS OIL PHASE

Percentage transmittance values with Co-surfactants for Capryol 90

Surfactants

Transcutol P Capmul C8 Labrasol PEG 400
Solutol HS15 95.1£3.24 % 70.10+5.01 % 68.10+4.31 % 88.15+3.01 %
Tween 20 90.25+2.01 % 81.05+2.98 % 75.20+1.89 92.6+1.58 %
Cremophor EL 98.35+2.58 % 25.9+1.27 % 70.35+2.47 95.15+1.22 %

TABLE 2: EMULSIFICATION STUDIES FOR CAPMUL MCM AS OIL PHASE

Percentage transmittance values with Co-surfactants for Capmul MCM

Surfactants

Transcutol P Capmul C8 Labrasol PEG 400
Solutol HS15 89.1+2.14 % 68.80+3.14 % 86.12+2.22 % 78.25+2.11 %
Tween 20 89.50+4.31 % 71.85+2.18 % 70.80+9.81 82.0+1.78 %
Cremophor EL 88.37+2.08 % 35.1£1.97 % 60.3782.41 85.1341.42 %
March-April 2023 Indian Journal of Pharmaceutical Sciences 430
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Fig. 3: Phase diagrams of selected systems

System A comprises of crapryol 90 as oil phase and
cremophore EL:transcutol P (1:1) as S/CoS, System
B comprises of crapryol 90 as oil phase and solutol
HS-15:PEG 400 (2:1) as S/CoS. The composition of
SMEDDS formulation trial is depicted in Table 3.
The particle size and its distribution have a significant
influence on the physical stability and in vivo fate of
colloidal drug carriers such as microemulsions®*%.
Therefore, it was essential to determine the effect
of formulation variables on the particle size of the
resulting microemulsions. The results of globule
size analysis are indicated in Table 4. Formulations
F3, F7 and F8 exhibited highest globule size (>100
nm) in comparison to other formulations. F1 and
F2 were found to give globule size of less than 50
nm with nearly similar globule size distribution.
Hence, taking into consideration the mean globule
sizes of the formulations it was decided to evaluate
F2 and F5 for further studies. Both the formulations
can be classified as Type II1IB formation per Pouton,
resulting in very fine globule size due to high content
of hydrophilic co-solvents!!”],

Both formulations appeared clear, transparent,
homogenous liquids at room temperature. F2 and
F5 SMEDDS were diluted in 1:1 ratio and observed
for birefringence by placing between polarizing
plates. Formulations appeared completely dark when
observed between polarizing plates in crossed position
because of inability of light to pass. This indicates
the microemulsions produced from the SMEDDS
were optically isotropic. Also no precipitation was
observed for both formulations after 24 h.
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The formulation was characterized for various
parameters and the results are discussed below.
The drug content of various self-microemulsifying
formulations was found to be greater than 98 % of
the theoretical value, which was considered quite
satisfactory (Table 5). The effect of pH on globule
size was studied to evaluate the effect of GI tract pH
on the mean globule size and stability of emulsion.
SMEDDS were diluted with different buffer systems
and its effect on the mean globule size is given in
Table 6. The formulations showed mean globule size
in the range of 32-83 nm. However, an increase in the
globule size was observed when pH 6.8 Phosphate
buffer was used as dilution medium but it was still
below 100 nm.

The ability of a microemulsion to be diluted without
any drug precipitation is essential for its use as a
drug delivery vehicle since, after administration, it
will almost certainly be diluted by body fluids. These
studies were performed to study the robustness of the
formulations to pH simulating GI tract conditions.
SMEDDS were diluted with aqueous phase and
allowed to stand for 6 h to determine their short-term
physical stability. The resulting microemulsions
were robust to all dilutions and did not show any
separation or drug precipitation.

Effect of CVD loading on mean globule size is
shown in fig. 4. Drug incorporation can have
significant influence on mean globule size and needs
to be investigated?*2*). Formulation F5 upon dilution
resulted in drug precipitation. This suggests F5 could
not incorporate more than 25 mg CVD. An increase
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in globule size was observed with an increase in drug
load in case of F2 and F5.

Centrifugation and freeze-thaw cycling are
accelerated tests to determine the stability of
microemulsions under stress conditions. Centrifugal
force is used to determine the behavioral changes
occurring in the colloidal particles in the presence
of gravitational field. The formulation F2 was
found to remain stable after centrifugation process,
freeze-thaw cycle and no phase separation or drug
precipitation was observed.

The dispersion/release profile of CVD from both
optimized SMEDDS is indicated in fig. 5. The
formulations were found to release more than 90 %
drug in 5 min in all the three dissolution media i.e
0.7 % HCI (pH 1.45), pH 4.5 Acetate Buffer and pH
6.8 Phosphate buffer. The reference drug product
showed the pH dependent drug release from the tablet
formulation. The SMEDDS formulations results
in the instantaneous dispersion of the formulation

resulting in faster release as compared to Tablets
formulation in all pH ranges. Also, the SMEDDS
showed pH independent release indicating the drug
is in the solution form and is readily available for
absorption thought out the GI tract. Data is expressed
as mean£=SD, n=3.

A SMEDDS formulation of a poorly water soluble
drug, CVD was formulated as direct filled hard
gelatin capsules, which are convenient for oral
administration. The formulation F2 and F5 were
found to be the optimized formulation on the basis
of results of pseudoternary phase diagram, in vitro
dispersion/release, droplet size and physicochemical
stability. The optimized formulation showed rapid
self-emulsification in an aqueous media. The
developed RP-HPLC method was validated and
successfully applied for estimation of CVD from
developed SMEDDS formulation of CVD. The results
from the study show the effectiveness of SMEDDS
formulation to enhance solubility and dissolution
characteristics of sparingly soluble compounds like
CVD.

TABLE 3: COMPOSITION OF VARIOUS SMEDDS FORMULATIONS

Ingredients (mg) F1 F2 F3 F5 Fé F7 F8
CvD 3.125 3.125 3.125 3.125 3.125 3.125 3.125 3.125
Capryol 90 10.0 8.6 11.3 8.6 7.5 6.0 7.5 6.0
Cremophore EL 10.0 12.9 11.3 12.9

Solutol HS-15 15.0 18.0 15.0 18.0
Transcutol P 10.0 12.9 7.5 6.0
Labrasol - - 7.5 12.9

PEG 400 7.5 6.0

TABLE 4: GLOBULE SIZE ANALYSIS OF SMEDDS FORMULATIONS

Formulations

Globule size (nm)

F1 38.95+0.58

F2 34.35+0.51

F3 107.6+1.23

F4 97.6+0.35

F5 55.3+1.21

F6 54.1+6.22

F7 107.3+1.31

F8 105.8+1.95

Note: Each value is a mean+SD of two determinations

TABLE 5: DRUG CONTENT OF OPTIMIZED FORMULATIONS

Formulation F5
Drug content (%) 100.01+0.98 99.42+0.87
Note: Data is expressed as meanzSD, (n=3)
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TABLE 6: EFFECT OF PH ON PARTICLE SIZE OF SELECTED SMDDS

Formulation F2 F5

0.7 % HCL pH 1.45 32.06+0.29 58.39:1.97
pH 4.5 (Acetate buffer) 36.84:0.61 76.74+2.32
pH 6.8 (Phosphate Buffer) 38.16+3.44 83.97+4.21

Note: Data is expressed as mean+SD, (n=3)
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Fig. 4: Effect of CVD loading on mean globule size
Note: The drug loading in F2 formulation (=) and F5 formulation (=); bar represents mean of duplicate readings
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Fig. 5: In vitro dispersion/release of CVD from various formulations
Note: a: 0.7 % HCI (pH 1.45); b: pH 4.5 acetate buffer; c: pH 6.8 phosphate buffer; ( -#-): reference product, ("™-): F2 Formulation and (- 4% ):
F5 formulation
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