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Purpose: This study is aimed at preparing and testing physicochemical, pharmacokinetic
and levels of toxic metabolites of paracetamol and glucosamine solid dispersions intended for
multiple deliveries via the parenteral or per oral route.

Methods: Solid dispersions were prepared using the spray drying technique at different molar
ratios of paracetamol and glucosamine. Characterization of the solid dispersions was carried
out using differential scanning calorimetry (DSC), Fourier transform infrared spectroscopy
(FTIR), X-ray diffraction (XRD), scanning electron microscopy (SEM), equilibrium solubility
and intrinsic dissolution rate. In vivo pharmacokinetics and toxic metabolites of the prepared
dispersions were evaluated and compared to those of pure drugs and physical mixtures.
Results: Instant water solubility and more than 7-fold increase in dissolution rate led to sig-
nificantly high plasma drug concentration (>6.5-fold) compared to paracetamol alone. More
than 2-fold increase in area under the curve from 0 to 24 h from the dispersions was noticed
on the third day of oral dosing to animals. Lower number and concentration followed by the
complete disappearance of toxic pathway metabolites were observed on second and third days
of dosing with solid dispersions and physical mixtures, respectively.

Conclusions: The spray-dried dispersions support safer and more effective delivery of
multiple doses of paracetamol, leading to an acceleration of its analgesic actions. Synergism
between the analgesic actions of paracetamol and joint protective actions of glucosamine in
this combination is expected to facilitate effective treatment of persistent pain-related illnesses
such as osteoarthritis.

Keywords: glucosamine, paracetamol, pharmacokinetics, reduced hepatotoxicity, solid disper-
sions, spray drying

Introduction

Paracetamol (P), also known as acetaminophen (APAP) has analgesic and antipyretic
properties with weak anti-inflammatory activity. It has moderate solubility in water,
high solubility at extreme pH and low permeability; therefore, it was classified as a
Biopharmaceutics Classification System class III drug.! Rapid metabolism of parac-
etamol in the liver limits its bioavailability and shortens its pharmacological actions.
When large doses are administered in the presence of other risk factors, there is a large
probability of hepatotoxicity through formation of N-acetyl-p-benzoquinoneimine
(NAPQI) by different cytochrome P450 iso-enzymes including CYP2E1, CYP3A4 and
CYP1A2.% Paracetamol is mainly metabolized in the liver through phase II conjugation
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with glucuronide moiety to form paracetamol-glucuronide
(PG) and sulfation to paracetamol sulfate (PS) with both
accounting for 85% of the administered dose. The remaining
amounts are subjected to oxidation to NAPQI and to a lesser
extent, methoxy paracetamol (POMe). In normal liver and
at normal therapeutic dosing, NAPQI is detoxified by com-
plexation with glutathione to form paracetamol-glutathione
(PGSH), that is further metabolized to paracetamol cysteine
(PC) and paracetamol mercapturate (PM).?

When the hepatic reservoir of glutathione is depleted,
NAPQI will accumulate and interact with proteins and nucleic
acids causing cellular damage and death. Glucosamine
(GlucN) is a natural amino sugar that is considered as the
main building block for the glycosaminoglycan structure
of cartilage found in the joints.* Patients suffering from
osteoarthritis often suffer from gastrointestinal irritation
and upset caused by non-steroidal anti-inflammatory drugs
(NSAIDs).’ Therefore, combination of an analgesic such as
paracetamol with a joint-protective such as GlucN in a fast
dissolving dosage form or parenteral injection could help
solve these problems. Glucosamine is also claimed to reduce
hepatic metabolism of paracetamol through inhibition of
cytochrome P450 metabolizing enzymes, thus it can provide
an added advantage to the combination by maximizing the
bioavailable fraction of paracetamol.®

Amorphization of poorly soluble drug molecules using
polymeric amorphous solid dispersions results in glass solu-
tions with enhanced physicochemical properties of drugs.’
Often large volumes of polymers are required for complete
miscibility and stability of polymer-based solid dispersions.®
Amorphous solid dispersions of drugs having inadequate
physicochemical properties with highly soluble small carrier
molecules such as amino acids or amino sugars are better
alternatives to drug—polymer dispersions.’'> Stable disper-
sions are achieved at the molecular level through H-bonding
or ionic interaction between the selected components. Numer-
ous examples of solid dispersions containing two drugs
with synchronized/enhanced solubility and dissolution rate

have been reported in the literature; such as indomethacin-
naproxen and indomethacin-cimetidine.'*!* The presence of
electron donor and acceptor sites in the chemical structures of
the drug and the coformer helps in the successful formation
of amorphous or coamorphous solid dispersions.' Therefore,
the presence of free ~OH and amide groups in paracetamol
and the multiple OH and primary amine in GlucN could
be exploited for the possible formation of amorphous or
coamorphous solid dispersions, which has not been previ-
ously reported in the literature for this combination.

In this study, spray-dried dispersions of paracetamol and
GlucN at different molar ratios were prepared to achieve
maximized solubility and instant dissolution rate, thus
extending the bioavailability of paracetamol together with
lowering of its hepatotoxic metabolites.

Materials and methods

Materials

Paracetamol, glucosamine HCl and acetylsalicylic acid were
obtained as a gift sample from Al-Hikma Pharmaceutical
Company, Oman, Jordan. HPLC grade solvents (methanol
and acetonitrile) were purchased from Sigma Aldrich Co.,
St Louis, MO, USA. Ethanol (96%) and acetone were pur-
chased from HiMedia laboratories (Mumbai, India). Other
chemicals were of analytical grade and were used as received.

Preparation of paracetamol-glucosamine

solid dispersions

Solid dispersions containing different molar ratios of
paracetamol and GlucN (Table 1) and molecular weights
represented by chemical structures in Figure 1A and B,
were prepared by spray drying using Buchi Mini-spray dryer
B-290 (Buchi Labortechnik AG, Flawil, Switzerland).

In this method, the weighted amounts of paracetamol and
GlucN (mg) were separately dissolved in 60 mL acetone and
40 mL water respectively. The aqueous solution was added
portion wise to the acetone solution and the resulting clear
solution was evaporated by the spray dryer with adjustments

Table | Composition of paracetamol/glucosamine solid dispersion formulations

Formula Dispersion components (mg) Mr (paracetamol: Evaporation
Paracetamol Glucosamine glucosamine) method
(mg) HCI (mg)

SPDI I151.16 215.67 I:1 Spray drying

SPD2 100 285.35 1:2 Spray drying

SPD3 100 71.33 2:1 Spray drying

SPD4 100 428.03 1:3 Spray drying

SPD5 100 570.71 1:4 Spray drying

Abbreviations: Mr, molar ratio; SPD, spray dried dispersion.
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Figure | Chemical structure of glucosamine (A) and paracetamol (B).

of the inlet temperature to 99°C and the outlet temperature
to 40°C. The powder was then collected and kept in a tightly
closed dry container for further analysis.

Characterization of solid dispersions

using scanning electron microscopy

Samples of the prepared dispersions and those of paracetamol
and glucosamine individually and in the physical mixture
were examined under a scanning electron microscope (JEOL
Ltd, Tokyo, Japan). The shape of the obtained particles of
the product was illustrated and compared to the crystalline
structures of parent components.

Differential scanning calorimetry (DSC)
Solid state characterization of the dispersions was carried out
using small samples (5-10 mg) placed in aluminum pans and
heated using differential scanning calorimeter model STA
449 F3 Jupiter (Nietzsche, Germany) under an atmosphere
of nitrogen. The heating temperature was set between 20°C
and 300°C at a rate of 10°C/min.

Fourier transform infra-red analysis
(FTIR)

Samples of GlucN, paracetamol, physical mixtures and solid
dispersions (2-3 mg) were individually mixed with 500 mg
dry potassium bromide. Powder mixtures were compressed
into small discs under a pressure of 68.5-103.4 MPa using
a hydrostatic press. The infrared spectrum of each sample
was determined at a scanning range of 400—4,000 cm™ using
a Fourier transform infrared instrument (IR Prestige-21,
Shimadzu, Japan).

X-ray powder diffraction (X-RPD)

Solid dispersion formulations, GlucN, paracetamol and phys-
ical mixtures were examined by X-ray diffraction analysis
using a Shimadzu XRD-6000 X-ray powder diffractometer
(Shimadzu, Japan). The system was coupled with a standard
Cu sealed X-ray tube with voltage and current of 40 kV
and 40 mA, respectively. Data collection was performed
at 2-theta of 5°—60° in steps of 0.04 and scanning speed of
0.4 degree/sec.

Equilibrium solubility and drug content

evaluation
The drug content in the prepared solid dispersions was
determined using a modification of an HPLC reported
method.'® Samples of solid dispersions equivalent to 10 mg
paracetamol and calculated amounts of GlucN according to
ratios presented in Table 1 were dissolved in acetonitrile and
adjusted to volume using a standard 50 mL volumetric flask.
Two milliliters was taken and diluted to 10 mL with a mobile
phase composed of phosphate buffer (25 mM) and acetonitrile
(80:20 v/v) adjusted to a pH of 9.3. Volumes of 20 uL (n=3)
were automatically withdrawn into a photodiode array auto-
mated HPLC analysis system model DGU-20A3/LC-20AT/
SIL-20A/CTO-20A/SPD-M20A (Shimadzu, Kyoto, Japan).
For equilibrium solubility, excess amounts of the pre-
pared solid dispersions and paracetamol were separately
placed into 2 mL Eppendorftube and dispersed into 1,000 uL.
distilled water. The dispersions were then shaken using an
orbital shaker model SSM (Stuart Equipment, Stone, UK)
operated at 300 cycles per min. The shaking process was
continued for 48 hours, then the supernatant was separated
and diluted to 10 mL with mobile phase and HPLC analysis
was used to determine the saturated equilibrium solubility
of the solutions (n=3).

Evaluation of the intrinsic dissolution rate
Fixed-disc method was used for determination of the intrinsic
dissolution rate.'” In this test, pure paracetamol (100 mg)
and an equivalent weight of solid dispersion formulation
(SPDS5) and physical mixture (1:4 Mr) were compressed into
small tablets (0.8 cm diameter) using an Erweka benchtop
automatic tableting machine (model EP-1 Vers.2D-63150,
Langen, Germany). The backs of tablets (n=3) were covered
with a layer of molten hard paraffin which was permitted
to solidify inside a plastic holder before immersion into
the dissolution medium. This test was performed using full
automated dissolution system model UDT-804 paddle dis-
solution apparatus (Logan Instruments Corp., Somerset, NJ,
USA) with vessels containing 500 mL of phosphate buffer
adjusted to pH 6.8 and rotation speeds of 50, 75, and 100 rpm
in three runs.

At predetermined time intervals of 5, 10, 20, 30, and 45
minutes, 5 mL samples were automatically withdrawn and
taken for HPLC analysis and fresh solution equivalent to
withdrawn samples were added to replenish the dissolution
medium. The amount dissolved per unit area of the tablet
(Gw) was determined as a function of dissolution time
(min). The intrinsic dissolution rate at infinite rotation
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speeds (K1) determined at zero diffusion layer (mg/cm?/s),
was obtained from the following equation resulting from
plotting the reciprocal of G against the reciprocal of the
angular velocity ®."

1/Go =1/K1 + K2 (1/w) (1)

where Go is the intrinsic dissolution rate at @ (mg/cm?/s);
K1 is the intrinsic dissolution rate at infinite rotation speed
(mg/cm?/s); K2 is a constant; ® is the angular velocity
(radians/s) and each 6.28 radians =1x 360° revolution.

In vivo pharmacokinetics of paracetamol-

glucosamine solid dispersions
A comparison between the pharmacokinetics of paracetamol
alone (first group), 1:4 physical mixture with GlucN
(second group) and solid dispersion SPD5 (third group)
were carried out using 12 male albino rabbits (1.5-2 kg)
divided into four groups, of 3 rabbits each. Three mL of
the GlucN solution at a concentration of 19 mg/mL was
administered three times a day to the fourth group before
the administration of solid dispersion SPD5. In this study,
all animals were given humane care in accordance with the
local guiding standards of Taif University and in accordance
with the Helsinki Declaration on animal care and handling.
Ethical approval of the study was granted by Taif University
ethical committee.

Oral administration of formulations equivalent to
15 mg/kg of paracetamol was given as oral solutions in
phosphate buffer with pH 3 on the first day then increased
to 25 mg/kg on the second and third day, using oral gavage
syringe thrice daily for three consecutive days. Blood samples
were withdrawn from the ear vein after 30 minute, 1, 2, 4, 6,
8, and 24 hour intervals. The maximum plasma level (C_ ),
rate (t ) and extent of bioavailability (AUC ,,
mol were determined using Microsoft Excel 2013 (Microsoft
Corporation, Redmond, WA, USA) and by trapezoidal rule
and regression analysis of the terminal portion of the curve.

) of paraceta-

Detection and quantification of the metabolites were also
performed using the HPLC method.'®

Serum was separated using a centrifuge at 3,000 rpm
for 10 minutes. Thereafter the serum was transferred to
Eppendorf tubes and preserved at —20°C before analysis.
Prior to HPLC analysis, 50 uL of 30% perchloric acid was
added to each 150 pL of serum samples and re-centrifuged
for at 3,000 rpm for 10 minutes. Thereafter 20 uL of
sample was automatically withdrawn into the column of

a fully automated UV/fluorescence HPLC system, model
DGU-20A5/LC-20AD/LC-20AB/SPD-20A/SIL-20A/
CBM-20A/SPD-M20A (Shimadzu). A calibration curve
of paracetamol in plasma was pre-constructed after mixing
of 100 uL of plasma with aliquots from a stock solution of
paracetamol in the mobile phase to form serial dilutions in
the range of 10-50 pg/mL.

Results

SEM characterization of solid dispersions

Samples of paracetamol, GlucN and prepared dispersions
were examined under an electron microscope (Figure 2).
SEM micrographs indicated large differences in the shape
and size of the particles. Figure 2A showed large rhomboid
crystals of paracetamol, Figure 2B showed large irregular
particles of GlucN, while Figure 2C and D showed spherical
aggregated powder particles of the spray-dried solid disper-
sion SPD5 at 400x and 800x magnification, respectively.

Solid state characterization using DSC
Paracetamol (Figure 1A) showed a melting endotherm
characterized by a sharp peak at 174°C corresponding to its
melting point, which is similar to those found in the litera-
ture.!” The thermogram of GlucN showed broad endotherm
with a large peak at 211.48°C.?® Thermograms of physical
mixtures showed shortened melting endotherms of parac-
etamol at temperatures of 167.77°C—-171.78°C, while the
endotherm of GlucN remained unchanged. Shifting of the
melting endotherms of physical mixtures to slightly lower
temperatures than that of paracetamol (Table 2) indicated
no physical interaction, but may be attributed to dilution
and increased contact surface between molecules of parent
components.

Thermograms of spray-dried dispersions (Figure 3)
showed short, less sharp endotherms with a lower melting
temperature of paracetamol by more than 10° compared
to those observed with pure drug and physical mixtures
(Table 2). Solid dispersions obtained by spray drying at 1:3
(SPD4) and 1:4 (SPD5) molar ratios showed relatively broad
and very short melting endotherms at the lowest melting
temperatures (159°C and 162°C, respectively).

Solid state characterization using FTIR

Infrared spectra of paracetamol and GlucN (Figure 4) dem-
onstrated that the band is overlapping between CH stretch
and OH-phenolic stretch between 3,300 and 3,500 cm™, char-
acteristic of paracetamol (Figure 4A). A characteristic band
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Figure 2 Scanning electron micrographs of paracetamol (A), glucosamine (B), and SPD5 (1:4 Mr) at 400x (C) and 800x (D).

Abbreviations: SPD, spray dried dispersion; Mr, molar ratio.

Table 2 DSC parameters of paracetamol, physical mixtures and
solid dispersion formulations

Formula DSC (mW)

Peak | Peak 2

Melting AHf Melting AHf

max (°C) (micV/mg) max (°C) (micV/mg)
Paracetamol 174.00 3.80 NA NA
Glucosamine 211.48 2.78 NA NA
Physical mixture 10:90° 167.77 -0.25 209.76 2.52
Physical mixture 20:80* 169.59 0.83 209.18 292
Physical mixture 30:70* 169.65 0.09 209.43 1.93
Physical mixture 40:60° 171.78 2.19 209.45 1.68
Physical mixture 50:50° 169.56 1.38 207.13 0.43
Physical mixture 60:40* 170.50 2.40 206.50 0.92
Physical mixture 70:30° 173.11 3.24 210.11 0.88
Physical mixture 80:20° 170.00 2.19 208.00 -1.16
SPDI (I:1 Mr)® 166.42 0.36 205.42 1.02
SPD2 (1:2 Mr)® 167.19 0.22 212.09 2.17
SPD3 (2:1 Mr)® 166.98 1.56 202.13 1.53
SPD4 (1:3 Mr)® 159.78 —0.10 209.36 2.71
SPD5 (1:4 Mr)® 162.35 —-0.07 211.88 3.77

Notes: *Physical mixtures prepared by % w/w. *Spray dried dispersions prepared
by molar ratios.

Abbreviations: DSC, differential scanning calorimetry; AHf, heat of fusion;
Mr, molar ratio; NA, not available; SPD, spray dried dispersion.

representing N—H amide bending was detected at 1,523 cm™
and C=0 amide stretching appeared at 1,630 cm™!, consistent
with data reported for paracetamol in the literature.?! The
IR spectrum of GlucN (Figure 4B) showed a broad duplet
band between 3,200-3,500 cm™, characteristic of primary
amine, and a large band at 3,350 cm™, characteristic of —-OH
stretching.?? Bands observed for the physical mixture
(Figure 4C) represented the summation of characteristic
bands of parent components. The most characteristic IR
bands of paracetamol (phenolic —OH stretch) and GlucN
(doublet bands) caused the spectra of spray-dried disper-
sions to disappear (red arrows). A new peak was observed
on spectra of solid dispersions at 1,566 cm™ (blue arrows),
which did not show up on the spectrum of physical mixture,
indicating shifting of the N—H amide band first observed on
the spectrum of paracetamol at 1,523 cm™'.

Solid state characterization using XRD

Sharp diffraction lines of paracetamol and GlucN (Figure 5A
and B) demonstrated the crystalline nature of both com-
ponents at two theta values similar to those reported in
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Temperature (C)

Figure 3 DSC thermograms of (A) paracetamol; (B) glucosamine; (C) physical mixture (I1:4 Mr); (D) SPDI (l:1 Mr); (E) SPD2 (1:2 Mr); and (F) SPD5 (I:4 Mr) solid

dispersions.

Abbreviation: DSC, differential scanning calorimetry; Mr, molar ratio; SPD, spray dried dispersion.

the literature.?® Diffraction lines of the physical mixture
(Figure 5C) were considered as the summation of all
characteristic diffraction lines observed for parent com-
pounds. Meanwhile, spray-dried dispersions showed less
sharp and shorter diffraction lines. Diffraction line charac-
teristic of paracetamol at 2 theta 18° was highly shortened

% transmission

in both physical mixture and solid dispersions SPD1 and
SPD2 (Figure 5D and E) and completely disappeared with
SPD5 as demonstrated by the red arrow in Figure 5F. These
changes in diffractograms of solid dispersions may indicate
molecular interactions and partial formation of amorphous
phases in the crystalline matrix.

X

3,600 3,200 2,800 2,400

2,000

\ ‘
1,600 1,200 800 400

Wave number (cm™')

Figure 4 FTIR spectra of (A) paracetamol; (B) glucosamine; (C) physical mixture (1:4 Mr); (D) SPDI (1:1 Mr); (E) SPD2 (1:2 Mr); and (F) SPD5 (1:4 Mr) solid dispersions.
Notes: Red arrows indicate gradual disappearance of phenolic OH band of paracetamol and Doublet bands of glucosamine. Blue arrows indicate shifting of NH-amide band

of paracetamol.

Abbreviations: FTIR, Fourier transform infrared spectrometry; Mr, molar ratio; SPD, spray dried dispersion.
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0.00 10.00 20.00
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Figure 5 XRD patterns of (A) paracetamol; (B) glucosamine; (C) physical mixture (1:4 Mr); (D) SPDI (I:1 Mr); (E) SPD2 (1:2 Mr); and (F) SPD5 (1:4 Mr) solid dispersions.

Notes: Red arrows indicate gradual shortening of diffraction line at 2 Theta |18 degrees.

Abbreviations: Mr, molar ratio; XRD, X-ray diffraction; SPD, spray dried dispersion.

Equilibrium solubility of paracetamol in

solid dispersions

Results of paracetamol equilibrium solubility in the presence
of GlucN were compared between physical mixtures and
spray dried formulations at variable molar concentrations
and are shown in Table 3 and Figure 6. Physical mixtures
containing paracetamol and glucosamine showed up to 92.4%
dissolution of paracetamol at 60% w/w GlucN. The spray
dried dispersion formulations showed an increasing percent-
age of dissolved paracetamol with an increased molar con-
centration of GlucN and the relationship was best described
by an exponential function as demonstrated in Figure 6. The
maximum percentage of dissolved paracetamol (94.92%)
was obtained at 85% w/w GlucN (1:4 molar) represented by
dispersion SPD5.

Intrinsic dissolution rate (IDR)

Intrinsic dissolution rate constant (K, or G_) was cal-
culated for the paracetamol, physical mixture and solid
dispersion formula (Table 4). Spray dried dispersion SPD5

showed G, A more than seven times higher compared to
that of paracetamol. Also, the physical mixture (1:4 Mr)
demonstrated G, . more than 3.5 times higher than that of
paracetamol. These results indicate that the inclusion of
GlucN with paracetamol has a highly significant effect on
its rate of dissolution. This could be explained by GlucN
acting either as a carrier to paracetamol with a physical
mixture or as coformer through molecular interaction by
H-bonding in spray-dried dispersions. Findings from this
study were superior to those demonstrated for paracetamol
IDR calculated in the literature by both rotating disc and
stationary disc methods.?

In vivo pharmacokinetic parameters

Sharp HPLC peaks of paracetamol were obtained in rabbit
plasma in the presence of acetylsalicylic acid as an internal
standard indicating high specificity and accuracy of the
analysis method. For detection of paracetamol metabolites,
the main metabolic pathways together with the structure of
each metabolite was summarized in Figure 7 and were used

Table 3 Percentage equilibrium solubility of paracetamol at different levels of glucosamine in physical mixture and in spray dried

dispersions

Formula % wlw paracetamol dissolved
Paracetamol Physical SPD3 (2:1)® SPDI (I:1) SPD2 (1:2) SPD4 (1:3) SPDS5 (1:4)
(100 mg) mixture (1:1)*

% glucosamine (% w/w) 0.00 60.00 41.64 58.79 74.05 81.03 85.09

% paracetamol dissolved 88.92 92.42 26.55 32.1 55.53 73.77 94.92

Note: *Physical mixtures and spray dried dispersions of paracetamol and glucosamine in molar ratios.

Abbreviation: SPD, spray dried dispersion.
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Figure 6 Percentage paracetamol dissolved expressed as an exponential function of
glucosamine concentration (% w/w) in spray dried solid dispersions.
Abbreviation: SPD, spray dried dispersion.

as a reference during HPLC analysis of collected samples.?
Results of identification showed significant variability in the
number and concentration of metabolites produced in plasma
after multiple administrations to animal groups.

HPLC chromatograms of paracetamol and internal
standard (aspirin) showed sharp and separate peaks fol-
lowing the forked peak of blank plasma as shown in
Figure 8A. Treatment-1 with paracetamol alone showed
six metabolites on days 2 and 3, including: PG, PS, PC,
PGSH, POMe and paracetamol mercapturate (PM), as
demonstrated in Figure 8B. The detected metabolites fol-
lowing this treatment were identical to those found in some
previous studies on paracetamol metabolites determined in
plasma and urine.?® Treatment-2 with a physical mixture
showed five metabolites on day 2 (data not shown) and
three metabolites on day 3 (Figure 8C). Treatments-3 and
4 with SPD5 alone and SPD5 plus GlucN respectively,
showed six metabolites on day 2 (data not shown) and
four metabolites on day 3 (Figure 8D). PC, PGSH and PM
metabolites completely disappeared from chromatogram
of physical mixture.

Plasma drug concentration vs time curves of paraceta-
mol obtained for each tested formula after multiple dosing

for three consecutive days are shown in Figure 9A—C and
pharmacokinetic data are summarized in Table 5. On day 1,
each rabbit received 15 mg/kg dose, on day 2 and day 3,
25 mg/kg were given every 8 hours to increase the levels
of metabolites in plasma. It was found that treatment-4
(SPDS5 plus 3 doses of GlucN) had the highest plasma drug
concentration (C__ =1.86 ug/mL) in 1 hour followed by
treatment-2 (physical mixture), treatment-3 (SPD5) and
finally treatment-1 (paracetamol alone) as shown in
Figure 9A. On day 2, a significant difference (P<<0.05) was
observed between C__of treatment-4 (SPDS plus GlucN)
and all three other treatments and was also observed on day 3
after the dose was increased to 25 mg/kg (Figure 9B and C).
Treatment-2 containing physical mixture showed delayed
t (2 hours) on the three days of treatment in contrast to
1 hour t_ obtained from paracetamol alone (treatment-1)
and the two spray-dried formulations (treatments 2 and 3).
This behavior can be attributed to faster absorption and longer
stability of paracetamol released from SPDS formulations.
It was also observed from Table 5 that the oral bioavail-
ability (AUC_,, .
3 and 4 containing spray-dried formulations compared to

) was significantly higher for treatment

paracetamol and physical mixture, especially on second and
third days of treatment.

Discussion

The lower melting endotherms of solid dispersions (Table 2)
suggest intermolecular interactions such as H-bonding
leading to partial amorphization and miscibility between
paracetamol and GlucN at the highest molar ratio (1:4).%”
IR results also demonstrated peak shortening, overlapping
and disappearance of some bands on spectra of solid dis-
persions. Also, shifting of paracetamol band observed at
1,523 cm™ to a new position at 1,655 cm™' on the spectrum
of solid dispersions was noticed. These findings together
with shortening of XRD diffraction lines and disappearance
of some characteristic peaks may support the formation of
new matrices or phases between paracetamol and GlucN

Table 4 Intrinsic dissolution rate data for paracetamol, physical mixture and spray dried solid dispersion

RPM Radians/ l/® (min) Paracetamol Physical mixture (1:4 molar) Solid dispersion (SPD5)
min G, IG, G, I/G, G, I/G,
(mg/min/cm?) (ecm?:min/mg) (mg/min/cm?) (cm?-min/mg) (mg/min/cm?) (cm?-min/mg)
100 628 0.0016 2.29 0.44 1.43 0.70 1.28 0.78
75 471 0.0021 1.38 0.73 0.95 1.06 I.15 0.87
50 314 0.0032 0.54 1.84 0.8l 1.24 0.74 1.35
KIG,) - - 0.93 357 6.70

Note: *KI(G, ): intrinsic dissolution rate constant.
Abbreviations: RPM, round per minute; SPD, spray dried dispersion.
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Figure 7 Chemical structure of different reported metabolic pathway products of paracetamol.

possibly through H-bonding interactions, as reported for
similar solid dispersion combinations mentioned in the
literature.?

Paracetamol is continuously and increasingly used as a
non-prescription analgesic medication for all types of pain.
It is widely used by all ages and in many cases, including
post-surgical analgesia. Availability of paracetamol, as an
OTC medication, sometimes results in accidental overdosing
problems such as liver toxicity due to the accumulation of the

reactive metabolite NAPQI. The risk of hepatic toxicity and
death makes control of dosing and developing new delivery
systems to minimize accidental poisoning of this medication
an essential issue.

Many risk factors increase the incidence of paracetamol-
induced liver toxicity, such as viral liver infections, fatty
liver caused by obesity and type-2 diabetes as well as high
alcohol consumption.” Therefore, developing new spray-
dried formulations in this study may be an appropriate
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Figure 8 HPLC chromatograms obtained on third day for (A) P and aspirin as IS; (B) Treatment-| with P alone showing peaks of PG, PS, PC, P, PGSH, POMe, PM, and IS;
(C) Treatment-2 with P/GlucN physical mixture (1:4 Mr) showing peaks of PG, PS, P, POMe, and IS; and (D) Treatment-3 and Treatment-4 with SPD5 (1:4 Mr) and SPD5

(1:4 Mr) with GlucN solid dispersions showing PG, PS, P, POMe, PM, and IS.

Abbreviations: IS, internal standard; Mr, molar ratio; P, paracetamol; PC, paracetamol cysteine; PG, paracetamol glucuronide; PGSH, paracetamol glutathione;
PM, paracetamol mercapturate; POMe, methoxy paracetamol; PS, paracetamol sulfate; SPD, spray dried dispersion.

solution to risk-free paracetamol administration. Many
studies addressed solid dispersions of paracetamol, such
as those prepared with Eudragit using hot melt extrusion
which was undertaken to identify the nature of dispersed
drug in the carrier.*

The results indicated dispersion of amorphous particles of
the drug within the matrix of the polymer. In another study,
spray drying of paracetamol with chitosan was carried out
and proved to be useful in improving both solubility and
dissolution rate of the drug from the newly formed matrix
through H-bonding.*!

These reported data support our findings regarding
improved solubility and dissolution rate of paracetamol with
additional benefits of the spray dried paracetamol-GlucN

dispersion as a self-detoxifying and joint protective
combination.

Co-spray drying was also previously applied for par-
acetamol with different polymers such as hydroxypropyl
methylcellulose, polyvinylpyrrolidone, and copovidone,
showing highly stable amorphous dispersions with the lat-
ter polymer.*?

In this study, the prepared spray-dried dispersions with
glucosamine showed increased total solubility of paracetamol
from 88% to 95% with approximately 8% increase in total
solubility. Nonetheless, the most important achievements of
the dispersions include instant solubility and improvement of
the intrinsic dissolution rate seven times by SPD5 compared
to paracetamol alone. This could help in preparing instant
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Abbreviations: Mr, molar ratio; SPD, spray dried dispersion.
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Table 5 Comparison of pharmacokinetic parameters of paracetamol formulations on three days of multiple oral administrations

Formula/ Day | Day 2 Day 3

pharmacokinetic ¢ (ug/mL) AUC,,, (g-himL) C__ (ug/mL) AUC,,, (ugh/mL) C__ (pg/mL) AUC,,, (ug h/mL)
parameter

APAP 121 7.59 1.74 17.07 2.55 13.86

Physical mixture (1:4)  1.73 .12 1.83 9.17 1.87 18.34

SPD5 (1:4) 1.50 1091 347 24.67 414 17.55

GLucN+SPD5 (1:4)  1.87 10.77 6.85 1921 8.15 29.50

Abbreviations: APAP, acetaminophen; GlucN, glucosamine; SPD, spray dried dispersion.

dissolving formulations at physiological pH for direct par-
enteral use or fast dissolving oral tablets and films intended
for rapid peroral administration. Results of an in vivo study
indicated that incorporation of GlucN with the drug in solid
dispersions significantly (P<<0.05) increased maximum
plasma concentration on second and third days of treatment
by more than 6.5-fold. Oral bioavailability (AUC,,, ) of
the drug obtained from SPD5 preceded by three doses/day
of GlucN was also higher than those of paracetamol alone
(>2 folds on the third day) and physical mixture (>1.5 folds)
upon multiple dosing as showed in Table 5.

The highly accurate and specific HPLC analysis method
used in this study enabled detection and differentiation
between types of metabolites obtained after each of the four
treatments.>>** After analysis of samples obtained from
treatment-2 with physical mixture, three main metabolites
were detected with the disappearance of PC, PGSH, and
PM, indicating the toxic metabolite NAPQI was not formed
due to blocking of CP450 iso-enzyme pathway by GlucN.*
Treatments 3 and 4 showed four metabolites on day-3 with
the disappearance of PC and lower levels of PGSH and PM,
which also support the above findings.

To further confirm benefits of paracetamol-GlucN disper-
sions in lowering NAPQI-pathway metabolite levels, peak
areas of each toxic metabolite as well as percent relative areas

to that of paracetamol were calculated for treated groups
(Table 6). The results confirmed decreasing concentration of
metabolites on the last two days of treatment. Complete disap-
pearance of PC and PGSH (zero values recorded under peak
area) was observed in animals treated with a morning dose
of physical mixture and SPDS5 plus GlucN on the third day.

The above findings suggest that spray-dried dispersions
of paracetamol and GlucN, especially those prepared at
1:4 Mr, proved successful in achieving highest solubility and

dissolution rate, increased C__and maximized AUC n

0-24hr o
three successive days.

Conclusion

Spray drying of paracetamol and GlucN resulted in solid
dispersions that proved to be successful in modifying par-
acetamol instant solubility at physiologic pH together with
highly improved intrinsic dissolution rate owing to reduced
crystallinity and increased surface area of the solid matrix.
The dispersions showed improved bioavailability compared
to paracetamol alone and physical mixtures and reduced first
pass metabolism and hepatotoxicity. These findings provide
strong evidence that solid dispersions of paracetamol and
GlucN can inevitably be used for rapid drug delivery at high
doses and frequency of administration with minimized risk
of patient liver toxicity.

Table 6 Peak areas of metabolites (PC, PGSH and PM) and percentage relative areas of metabolites to paracetamol calculated

one hour after morning dose on the last two days of treatment

Day Sample code P PC PGSH PM
Peak Peak % relative Peak % relative Peak % relative
area area area area area area area
Day 2 APAP 319,386 214,335 67.11 107,961 33.80 197,025 61.69
Physical mixture (1:4) 279,525 70,966 25.39 47,364 16.94 38,931 13.93
SPDS5 (1:4) 517,398 201,632 38.97 105,874 20.46 187,610 36.26
GLucN+SPD5 864,407 171,697 19.86 48,682 5.63 102,338 11.84
Day 3 APAP 472,927 228,588 48.33 155,386 32.86 143,972 30.44
Physical mixture (1:4) 165,532 0.0000 0.00 0.0000 0.00 127,696 77.14
SPD5 (1:4) 780,482 167,287 21.43 98,651 12.64 186,516 23.90
GLucN+SPD5 464,638 0.0000 0.00 4,941 1.06 124,281 26.75

Abbreviations: APAP, acetaminophen; GlucN, glucosamine; P, paracetamol; PC, paracetamol cysteine; PGSH, paractetamol glutathione; PM, paracetamol mecapturate;

SPD, spray dried dispersion.
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