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ABSTRACT: The amount of Ranolazine that permeated through the buccal mucosa at defined intervals in a
period of four hours was estimated spectrophotometrically. The permeation was similar to the in vitro
dissolution studies in most cases and the amount permeated is slightly less than the actual amount of drug
dissolved at the similar conditions. Pharmacokinetic parameters of Ranolazine were studied for optimized
NBAT formulations, i.v. bolus injection and orally administered core tablets of same batch of NBATs on
anaesthetized male New Zealand albino rabbits. Plasma concentration profiles in anesthetized rabbits after
the administration of Ranolazine through intravenous, oral and Novel Buccal Adhesive Tablets. Plasma
concentration of Ranolazine declined to less than the minimum effective concentration in about 2.5 hours
after intravenous administration. Conversely, in oral tablets and NBATSs at the same dose MEC was reached
after 0.5-1.0 and 1.0-2.0 respectively and remained above the desired level till 2-2.5 and 4-5 hours
respectively. Time to reach maximum concentration (T max) for NBAT was 3 - 4 hours whereas it was 1 - 1.5
hour on oral administration. Maximum plasma concentration (C max) for oral (46.9 - 58.9) was found to be
less than the NBATs (57.1 - 73.6). The AUC values for after iv administration was 437.53 + 24.36
(hr)*(ng/ml). On oral administration, the F (bioavailability) values were found to be 0.384+0.36*, 0.367+
0.6**, 0.411+0.1* and 0.353+0.06*respectively for NBAT 3, NBAT 7, NBAT 11 and NBAT 15. Same
formulations on buccal administration yielded F values of 0.794+0.09*, 0.766+0.09**, 0.839+0.09**, and
0.744+ 0.08** respectively.

Keywords: Mucilages of plant, Ranolazine, Mucoadhesive polymers, sodium alginate and guar gum, First
order, Higuchi diffusion or Korsmeyer — Peppas, Male New Zealand albino rabbits.

I.LINTRODUCTION

The pharmaceutical companies are presently seeking innovative dosage forms by way of novel drug
delivery systems as they represent strategic tool for expanding markets and indications, extending product life
cycles and generating newer opportunities’. It is a reality and this is illustrated by the fact that around 13% of the
current global pharmaceutical market is accounted for NDDS. Among the NDDS, transmucosal drug delivery
market recorded second highest growth in the last five years with 171% where as overall market growth stands at
106% . The main impediment for oral delivery of these drugs is their inadequate oral absorption due to extensive
presystemic metabolism and instability in acidic environment*®. As a result, the full therapeutic potential of many
drugs cannot be realized; hence administration through highly expensive and less patient friendly parenteral route
is inevitable®.
In comparison, transmucosal delivery systems exhibit a faster delivery than do transdermal delivery
systems. Also, delivery occurs in a tissue that is more permeable than skin and is less variable between patients,
resulting in minimal inter subject variability’. The absorptive mucosae include buccal, sublingual, palatal,
gingival, nasal, pulmonary, rectal, vaginal and ocular routes. On the other hand, in case of nasal delivery,
availability of very small surface area for absorption as well as the large variability in mucus secretion could
significantly affect drug absorption. Further, severe sensitivity to drugs causes significant irreversible damage to
the mucosa. In pulmonary delivery, despite the enormous surface area available for absorption, the major
challenge is the reproducible placement of drug in the alveolar region due to the mucociliary clearance, hence not
suitable for sustained delivery®®. Among all transmucosal sites, buccal cavity was found to be the convenient and
easily accessible site for the local or systemic delivery of drugs. Because of its expanse of relatively immobile
smooth muscle, abundant vascularization, direct access to the systemic circulation through the internal jugular
vein that bypasses hepatic first pass metabolism, makes it highly promising for delivery of drugs exhibiting poor
oral bioavailabilities. Facile removal of formulation, better patient acceptance and compliance are some other
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prominent meritorious advantages of buccal adhesive systems. In order to improve bioavailability of administered
drug across the buccal mucosa, several bioadhesive tablet systems have been the subject of a growing interest'*™.

ILMATERIAL AND METHODS
Ranolazine procured from Sun Pharmaceutical Industries Ltd, India as a gift sample, Diazepam from M/S East
India Pharmaceutical Works Ltd, Kolkata, India as a gift sample, Gummy exudates of Acacia Arabica Willd from
purchased from Local Market, Sodium alginate from Loba chemie, India, Guar gum from E-Merck (India)
Hydroxypropyl methyl cellulose (HPMC5cps) and Carbopol 934p from s.d. fine-chem limited, India, Acetone,
isopropanol, methonal, chloroform and Buffered formalin from Merck India.
2.1. Preparation of core tablets: Core tablets were formulated by direct compression method by mixing
Ranolazine, microcrystalline cellulose, respective mucoadhesive substance, and purified talc. 10 mg of the mixture
was weighed and directly compressed using 2.8 mm flat faced punches at the compression force to get tablets with
the thickness of 0.8 mm. For human acceptability studies, placebo core tablets were prepared by replacing
Ranolazine with the lactose™®™,
2.2. Preparation of NBATSs: Finally, NBATs were prepared by inserting core tablets into the respective cups
manually and compressed with little force using 4.5 mm flat faced punches'*™.
2.3. Pharmacokinetic studies: In vivo animal studies'®™"’.
In vivo studies were conducted on anaesthetized male New Zealand albino rabbits weighing between 1.5 and 1.8

kg. The animals were housed individually in metabolic cages maintained at 25 + 2 Oc fora period of more than ten
days prior to the experiment and provided with standard diet and water. Sixteen rabbits were kept in fasting
condition for 24 hours before the start of study but allowed to have free access to water. The approval of the
Institutional Animal Ethics Committee was obtained before starting the study and was conducted in accordance
with standard institutional guidelines. [Protocol was approved by the Institutional Animal Ethics Committee
(GCOP/IAEC/02)] The rabbits were grouped into four, each containing four animals. Group | was used for
control, Group Il for medicated NBAT, Group 1l for iv bolus injection and Group IV for core tablets of similar
formulation administered orally. Prior to administration, each rabbit was lightly anaesthetized by administering
intramuscularly 5-10 mg/kg of xylazine followed in 10 minutes by 35-50 mg/kg of ketamine. The NBATSs were
administered by pressing manually to either of the buccal mucosa for 30 seconds by exposing core tablet to the
mucosa. Intavenous bolus injection (2mg/kg) was injected through marginal ear vein. Core tablets of same batch
of NBATSs were administered orally. Following induction of anesthesia, a catheter was inserted into the central ear
artery of rabbits for blood sample collection. About 2 ml blood sample was collected each time in Eppendorf tubes
containing heparin sodium (100 U/ml), 5 min before administration and then at 30, 60, 90, 120, 180, 210, 240, 270,
300, 330, 360 and 390 min after administration. Soon after collection of ea ch blood sample, the cannula was
flushed with 0.2 ml of a 10% (v:v) heparin : normal saline solution to prevent blood clotting in the cannula.

Each rabbit was administered with one-third of the initial dose of xylazine and ketamine after every 20 minutes
intramuscularly to maintain a light plane of anesthesia. The blood samples were centrifuged at 3000 rpm for 10
minutes immediately after collection to separate the plasma and the retrieved plasma was stored at -20°C until
the time of analysis. HPLC analysis Reversed-phase high-performance liquid chromatography was used to
quantitate Ranolazine in plasma samples.

2.4. DETERMINATION OF A MAX OF RANOLAZINE IN HPLC MOBILE PHASE'®

Accurately weighed 108.8 mg of Ranolazine equivalent to 100mg of Ranolazine was dissolved in a
100ml volumetric flask and volume was made upto mark with mobile phase. 1ml of this solution was further
diluted to 100ml to get the resulting strength of 0.001% wi/v was scanned on a JASCO UV-1575 Intelligent
UV/VIS Detector.

2.5. Calibration curve of Ranolazine in HPLC Mobile Phase

Prior to the HPLC analysis, a calibration curve was prepared for Ranolazine using diazepam as internal
standard. Accurately weighed 54.4 mg of Ranolazine equivalent to 50mg of Ranolazine was dissolved in mobile
phase in a 50ml volumetric flask and volume was made up to the mark. 1ml of this solution was further diluted to
100ml with mobile phase. This was the stock solution having concentrations 10 ug/ml. Calculated quantities of
aliquots of the solution were diluted to individually with the mobile phases to give concentrations of 4 to
400ng/ml Ranolazine. An aliquot of 1.0 ml of the solution was mixed with 200ul of 1.0M of Na2Co3 followed
by 5ml of mixture of organic solution of hexane, chloroform and isopropanol (60:40:5, v/v/v) containing
15ng/ml of diazepam (internal standard) in a chemically cleaned screw capped glass tube. It was vortexed for 2
minutes and then centrifuged for 10 minutes at 4000 rpm. A 4.0 ml of organic layer was separated and evaporated

with air at 60°C until dried. The residue was then dissolved by vortexing for 30 seconds with 120ul of mobile
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phase from which 30ul sample was injected through Microliter # 702 injector, Hamilton (Switzerland) into BDS
Hypersil C18 (4.6 mm x 150 mm) (Thermo Electron corporation) column driven through JASCO PU 1580 HPLC
pump. The mobile phase used was methanol:water (80:20) mixture containing 2.8 mM triethylamine (filtered
through a 0.45uM membrane filter). The flow rate was fixed at 1.2ml/min and detection was measured at 239 nm
using JASCO UV-1575 detector. The chromatographic peaks was automatically integrated and recorded by
Chromatographic stations for Windows 1.7 data module (Data Apex; Prague, Czech Republic). This method
enabled the baseline separation of the drugs free from interferences with isocratic elution and was linear in the
clinical range 4-400 ng/ml. Under the operated conditions, Ranolazine and diazepam had retention times of
approximately 5.267 and 3.813 minutes, respectively. Results showed linearity related to concentration at the
range of 5 ng to 400 ng. The linear equation for the concentration vs the ratio of peak area was y = 0.0078x-
0.0003 with correlation coefficient of 0.9994 (n=4).
2.6. Quantitative analysis of Ranolazine in plasma

An aliguot of 1.0 ml of plasma was mixed with 200ul of 1.0M of Na2Co3 followed by 5ml of mixture
of organic solution of hexane, chloroform and isopropanol (60:40:5, v/v/v) containing 15ng/ml of diazepam
(internal standard) in a chemically cleaned screw capped glass tube. It was vortexed for 2 minutes and then

centrifuged for 10 minutes at 4000 rpm. A 4.0 ml of organic layer was separated and evaporated with air at 60°C
until dried. The residue was then dissolved by vortexing for 30 seconds with 120ul of mobile phase from which
30pI sample was injected through Microliter # 702 injector, Hamilton (Switzerland) into BDS Hypersil C18 (4.6
mm X 150 mm) (Thermo Electron corporation) column driven through JASCO PU 1580 HPLC pump. The mobile
phase used was methanol:water (80:20) mixture containing 2.8 mM triethylamine (filtered through a 0.45uM
membrane filter). The flow rate was fixed at 1.2ml/min and detection was measured at 239 nm using JASCO UV-
1575 detector. The chromatographic peaks was automatically integrated and recorded by Chromatographic
stations for Windows 1.7 data module (Data Apex; Prague, Czech Republic). This method enabled the baseline
separation of the drugs free from interferences with isocratic elution and was linear in the clinical range 0-400
ng/ml.

19
2.7. Pharmacokinetic studies
Pharmacokinetic parameters were evaluated by using ThermoKinetica 4.4, PK/PD analysis,
Thermoelectron Corporation. Intravenous data was studied using one compartment model where as oral and
buccal data was studied by Loo-Riegelman 2 compartmental method. Parameters such as Cmax, Tmax, AUCO-t,
AUC total, AUMCO-t, AUMC total, Kel, t1/2, MRT, CL, Vd, K12, K21 etc were calculated. Oral and buccal
bioavailabilities were also calculated after normalizing the dose with the intravenous dose. The plasma
concentration profiles were represented graphically in Figs 62 — 65. The means of all data were presented in
Table 19 with their standard error (mean £ S.E.). Parameters were analyzed to determine statistical significance.
The mean concentration at each time point was compared for statistical difference using a non-paired Student’s t-
test. In addition, the test was also conducted for Tmax and logarithmically transformed values for Cmax and
AUC.
2.8. STATISTICAL ANALYSIS %

2.8.1.T-test using Graph Pad software

The Student’s t -test is a test developed by W. S. Gossett who used the pseudonym “Student” to publish this
statistical test in 1908. It is used to express confidence intervals for a set of data and to statistically compare the
results of different experiments.
The true mean is denoted asp. From a small number of data points it is not possible to determine either p or o.
Instead, we have Xneanand s. We would like to be able to state the probability that the true value p is within some
quantity of Xmean The confidence interval does this in the form p = Xpean £ t S/ \Vn and may stated at a certain
probability such as 90%, 95%, or 99%, etc.

IH1.RESULTS AND DISCUSSION

Pharmacokinetic parameters of Ranolazine were studied for optimized NBAT formulations, i.v. bolus
injection and orally administered core tablets of same batch of NBATs on anaesthetized male New Zealand
albino rabbits and were reported. During the period of experiment the NBATS remained at the site of application.
Prior to the HPLC analysis, a calibration curve was prepared for Ranolazine using Diazepam as internal standard.
Under the operated conditions, Ranolazine and Diazepam had retention times of approximately 5.267 and 3.813
minutes, respectively. Results showed linearity related to concentration at the range of 5ng to 400ng as
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represented in Fig.1 and Tablel.

Table (1): calibration Curve for Ranolazine in HPLC Mobile Phase Pharmacokinetic Parameters
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Timein h ours

Paramete .. . Oral - Oral Oral - Oral -
. Units iv (Core 3) NBAT3 | cooo | NBATT | o0y | NBATHL | (o hs NBAT 15
Dose ng 3403920 3403920 3395590 3395590 3406250 3406250 3362590 3362590
Volume mi 763121 766823 7632.08 T668.23 T668.23 766823 7631.18 763121
Kel 0.982+0.01 0.985=0.01 0.98+0.03 0.985+0.01 0.98=0.02 0.98+0.03 0.982+0.02 0.982=0.04
Ki2 0.602x0.02 0.610=0.02 0.60=0.05 0.610=0.03 0.61=0.03 0.61=0.02 0.602x0.02 0.602=0.03
K21 0.4670.01 0.466=0.01 0.46+0.03 0.466=0.04 0.46=0.01 0.46+0.03 0.467+0.02 0.467=0.02
[ ng/ml 419.7=826 53.7=429 67.97.23 169=6.7 7355421 58.9:7.54 7242346 55.656.18 571549
Tax hr — 1.520.25 3.5=0.25 1x0.25 3025 1.520.25 3.50.25 1=0.25 3=025
AUCy,, (hrf(ng/ml) | 38552237 143.18+16.58 2419+378 25037176 | 1641531 259 6=29 131.63=162° | 22181=313
AUC (he)* (ng/ml) 319=241 36.13£2.19 129 5£6.54 107.76=10.3 279329 132.426.1° 33 552629 12580=17.8
AUC,, (e (ng/ml) | 437.5=2436 179.32=137 370.98=35 358.14=423 | 192.1=17.8 | 392.0=61.0 165.18=346 47 6=436
AUMCy, | (e 2*(og/ml) | 545.1=46.2 32032232 7548413 741253024 | 3664266 | 8106416 278.9=16.54 68790=764
AUMC,, | (e 2*(ng/ml) [ 570.6=48.6 7 103435=111 | 431.8=615 | 15183673 | 323.7=446 | 1808.0=08 408.0=27 65 1642=156.9
AUMC,,, (hry'2*(ng/ml) | 111574 89" 2689 3=121 T44 7= 105 | 22591032 690.1=623 | 2709x171.8 6878242 53 23302713
Tin hr 5880071 [363=0.10 526=0.075 | 35220031 | 543=0.061 3.04=0.022 454026
MRT hr 72420034 434£0.106 | 63100484 | 3590037 | 6910084 4.16=0.0265 6.70=0.162
Clearance | np*hr/(ng/ml) } 18935.0=762.3 0152.0=411 | 19796= 141 | 0481+1512 | 17675+348 | 8661.13=21 | 20556=6457 | 07682=8038
Vz ng/(ng/ml) 3 ‘56” 103.2 108606378 9 T7710x142 10393066 71952716 808186=42 | 67879=3829 116905978 64004 4=581
Vss nz/(ng/ml) 1853382167 | 805002+2416 663522333 | 850532044 | 50815+156 | 63402+316 | 50850=102.7 | 85505.8+275 65475.2=100
A 3.8758=0.09" 2.975+0.07 3.480=0.07 | 3.178=0.08 | 3.508+0.06 2.080=0.04 | 3.653+0.06 2 904+0.08 3.932:0.04
B 1/hr 02232001 | -0.1773=0.01 0.117=002 | -0.190=001 | -0.131=001 | -019=002 | -0.1276=001 | 01758002 | -0.1526=0.01
t50% hr 0.895+0.07 2166009 0.8170.07 1.945+0.05 0955008 | 2.137+0.05 0.699+0.02 2.042+0.09
100% hr 1.885x0.11 3471=016 | 2657=000 | 3221=0.10 | 1.942=0.00 | 3.477=0.08 1.779=0.03 4146=0.18
F 0.384+0 36 0.794=0.00" [ 0367=0.6 0.766=0.09" | 0.411=0.1" [ 0.839=0.00" 0.353=0.06 0.744= 0.087
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Fig.1.Plasma Concentration Profiles of Ranolazine in Anaesthetized Rabbits (NBAT 3)
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Fig.2. Plasma Concentration Profiles of Ranolazine in Anaesthetized Rabbits (NBAT 7)
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Fig.3. Plasma Concentration Profiles of Ranolazine in Anaesthetized Rabbits (NBAT 11)
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Fig.4. Plasma Concentration Profiles of Ranolazine Anaesthetized Rabbits (NBAT 15)
Figures 1 to 4 represents the plasma concentration profiles in anesthetized rabbits after the administration of
Ranolazine through intravenous, oral and Novel Buccal Adhesive Tablets. Plasma concentration of Ranolazine
declined to less than the minimum effective concentration in about 2.5 hours after intravenous administration.
Conversely, in oral tablets and NBATs at the same dose MEC was reached after 0.5-1.0 and 1.0-2.0 hrs
respectively and remained above the desired level till 2-2.5 and 4-5 hours respectively. Time to reach maximum
concentration (Tmax) for NBAT was 3 - 4 hours whereas it was 1 - hour on oral administration. Maximum plasma
concentration (Cmax) for oral (46.9 - 58.9) was found to be less than the NBATs (57.1 - 73.5). The AUC values
for after iv administration was 437.53 + 24.36 (hr)*(ng/ml). On oral administration, the F (bioavailability) values

were found to be 0.384+0.36, 0.367+ 0.6, 0.41120.1" and 0.353+0.06 respectively for NBAT 3, NBAT 7,
NBAT 11 and NBAT 15. Same formulations on buccal administration yielded F values of 0.79410.09*,

0.76610.09**, 0.83910.09**, and 0.744+ 0.08** respectively. Statistical analysis of all the parameters suggests
that the methods and the dosage forms are reliable and highly reproducible.

L |

M

Plasma concentration

CONCLUSION

In vitro release studies showed that the tablet formulations containing natural mucoadhesive agent
exhibited sustained release kinetics. Further, the amount of drug that leached through the backing layer was also
found to be very minimal. Ex-vivo permeation studies through the porcine buccal mucosa also exhibited similar
release profile. It was found that the release is delayed as the amount of polymer is increased in the core tablets.
In vivo studies on the anaesthetized New Zealand albino rabbits showed good absorption profiles with reduced
excretion rates.
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