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Background: Hypertensive disorders are the most common complication in pregnancy
which can even lead to maternal mortality. Hydralazine hydrochloride (HHC), a direct-acting
vasodilator, is intravenously used as the first-line therapy in controlling hypertension in
pregnancy (preeclampsia). It suffers poor oral bioavailability (26%—50%) due to first-pass
metabolism.

Obijective: This work aims for the preparation of HHC rapidly disintegrating sublingual tablets
of higher absorption rate, short onset of action, and higher bioavailability for rapid control on
blood pressure (BP) in hypertensive emergencies especially preeclampsia.

Methods: HHC sublingual tablet mixtures were prepared using starch sodium glycolate and
Pharmaburst as super disintegrants at three different levels by direct compression and were
subjected to full in vitro evaluation; the drug bioavailability from the optimized sublingual
tablet formula was assessed in comparison to conventional oral tablets in rabbits, and the clinical
efficacy on controlling BP in induced preeclampsia like mouse model was also studied.
Results: The results indicated compatibility of the prepared tablet mixtures, good flow, and
acceptable mechanical strength. Sublingual tablet formula containing Pharmaburst (7%)
that showed fastest disintegration (21 seconds) and 100% drug release within 5 minutes was
selected for further bioavailability and pharmacodynamic studies. The drug bioavailability
was significantly increased with C =28.2767+4.61 ug/mL, AUC, ,=52.8543.18 pg.h/mL,
and 7 =0.3310.011 hour in comparison to 18.0633+23.2 pg/mL, 33.18+5.18 pg-h/mL, and
0.75%0.025 hour for conventional oral tablets. Results of pharmacodynamic studies proved sig-
nificant rapid control on both systolic and diastolic BP to normal values within only 30 minutes
without any significant difference from intravenous data.

Conclusion: These results confirm the suitability of the prepared HHC sublingual tablets
for use in rapid control on hypertensive crisis especially in pregnant women as an alternate to
parenteral administration.

Keywords: pre-eclampsia like mouse model, absorption from buccal cavity, preeclampsia,
sublingual tablets, hypertension, L-NAME

Introduction

Elevated blood pressure (BP) occurs when the force of the blood pumping through
arteries is too strong that can cause damage of blood vessels and body organs. Uncon-
trolled elevated BP can result in severe complications including heart attack, stroke,
kidney failure, and other serious problems.'?
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Hypertension may be classified as primary of unknown
cause (95% of these hypertensive cases) and secondary
which is related to other disease (only 5% of registered
cases).** The goal of treatment is usually to decrease sys-
tolic BP (SBP) to <140 mmHg and diastolic BP (DBP)
to >90 mmHg to prevent complication. If SBP reached 180
and/or DBP =120, the case is described as hypertensive
crisis which is usually associated with acute end-organ dam-
age. Hypertensive disorders have been proven to be one of
the most common pregnancy complications that can lead to
maternal mortality.>”’

Hypertensive emergency in pregnant women (preec-
lampsia) is defined as elevated SBP =140 mmHg or
DBP =90 mmHg and usually associated with proteinuria
(=0.3 g in 24 hours), with expected end-organ damage
after 20 weeks of gestation in a previously normotensive
women; when preeclampsia develops to seizures it is called
as eclampsia.® Treatment of severe preeclampsia includes
intravenous labetalol and hydralazine as first-line therapy.
Nifedipine is also used as an alternative to parenteral labetalol
or hydralazine.’

Parenteral route suffers significant risks including
difficulty/impossibility of drug removal or reversal, risks
of infection, emboli and hypersensitivity reaction, patient
incompliance, high cost, and the need for a health care
provider to be an administer.'

Rapidly disintegrating tablets are those that disintegrate
or dissolve rapidly in the small volume of saliva avail-
able in the patient’s oral cavity. The medication can then
be absorbed partially or entirely from blood vessels in the
sublingual mucosa."!

Sublingual delivery describes the systemic drug delivery
through the mucosal membranes lining the floor of the mouth
to the systemic circulation.'” The sublingual route usually
produces a faster onset of action than oral tablets (three
to ten times greater than oral route), the portion absorbed
bypasses the hepatic first-pass metabolism, fast dissolution
or disintegration without the need for water or chewing,
therapy can be easily discontinued, and it also shows high
patient compliance.'*"

Hydralazine hydrochloride (HHC), is a white to off-
white, odorless crystalline powder. It is soluble in water,
slightly soluble in alcohol, and very slightly soluble in
ether. It melts at about 275°C, with decomposition, and has
a molecular weight of 196.64."% Its main antihypertensive
effect occurs due to direct relaxing vasodilator action on
smooth muscles of arteries and arterioles hence decrease
peripheral resistance, thereby lowering BP.!¢ It reaches peak

plasma concentration within 20-80 minutes, its average
plasma half-life is 2—4 hours with low oral bioavailability
(26%—-50%) due to considerable first-pass metabolism by
acetylation. It is the first-line therapy for hypertension in
pregnancy with methyldopa.'’

The small dose requirement, small molecular weight, and
absence of objectionable taste and odor make it a suitable
candidate for buccal administration. So this study aims for
the preparation of HHC fast-disintegrating tablets for sub-
lingual administration as a potential emergency treatment of
hypertension especially in pregnancy (preeclampsia).

Materials and methods

Materials

HHC was kindly given as a gift from El-Nasr Company,
Cairo, Egypt. Avicel PH 102 (Merck, Darmstadt, Germany),
Pharmaburst (kindly given as a gift from EPCI Co., Beni
Suef, Egypt), and saccharin sodium (Caesar and Loretz,
Hilden, Germany) were obtained from the respective
companies. Starch sod-glycolate (SSG), N(omega)-nitro-L-
arginine methyl ester (L-NAME), magnesium stearate, talc,
citric acid, methyl red and mannitol, and all other solvents
and chemicals were purchased from Sigma-Aldrich (St
Louis, MO, USA).

Methodology

Compatibility studies

Samples of plain HHC, tested excipient, and their (1:1)
physical mixture were prepared and subjected to the
following studies.

Differential scanning calorimetric (DSC) studies
Samples (2—4 mg) were weighed into an aluminum pan of
differential DSC (STA 449 F3 Jupiter, Nietzsche, Germany)
calibrated with purified indium standard (99.9%) and con-
tinuously purged with nitrogen gas over a temperature range
of (25°C-350°C) at a heating rate of 10°C/min. The DSC
thermograms were recorded and analyzed.

Infrared (IR) spectroscopy

Samples (2—4 mg) were directly loaded into IR spectropho-
tometer (Shimadzu IR-435, Kyoto, Japan) without previous
mixing with potassium bromide or compression, and scan-
ning in the range of 4,000-500 cm™' at ambient temperature.
IR spectra were recorded and analyzed.

Preparation of HHC sublingual tablet mixtures
According to the formula composition shown in Table 1, HHC
sublingual tablets were prepared by the direct compression.
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Table | Composition and precompression evaluation of HHC
sublingual tablet mixtures

Formula code [Ft [F2 |[F3 |F4 [F5 |Fé
Formula composition

HHC (mg) 10 10 10 10 10 10
SSG (%) 3 5 7 - - -
Pharmaburst (%) - - - 3 5 7
Avicel (mg) 80 80 80 80 80 80
Saccharin (%) 2 2 2 2 2 2
Citric acid (%) 3 3 3 3 3 3
Talc (%) | | | | | |
D-Mannitol (mg) 200 [200 |200 |200 (200 |200
Precompression evaluation

Angle of repose (°) 33 34 33 30 30 29
Carr’s index (%) 202 | 211 207 |198 (203 |[199
Hausner ratio 1.21 123 [ 119 [ 114 [ 116 | 1.12

Abbreviations: HHC, hydralazine hydrochloride; SSG, starch sod-glycolate.

All additives were weighed and gently mixed in mortar with
HHC (10 mg) using pestle for 10 minutes. The mixtures were
directly compressed on 8-mm punch/die set using a manual
single punch tableting machine (ERWEKA single punch
Machine EP-1, Apparatebau, Germany) without granulation.
Sufficient compression was applied to produce tablet hardness
in the range of 6—7 KP. A batch of 50 tablets was prepared.

Evaluation of the prepared HHC

sublingual tablet mixtures

Precompression evaluation

The flow and compression properties of tablet mixtures were
assessed by measuring angle of repose, Carr’s index, and
Hausner ratio.'® Each recorded value is an average of three
determinations.

Postcompression evaluation

Ten tablets samples of each formula was randomly selected
and tablet dimensions, weight variation, hardness (TBH 325,
Erweka, Germany), and friability (TAR, Erweka, Germany)
were determined according to standardized pharmacopeial
(USP) conditions."

Content uniformity

Five tablets samples of each formula were separately crushed
in a mortar and transferred to 100-mL volumetric flask. The
flasks were brought to volume by phosphate buffer with
pH 6.8 and sonicated for 10 minutes. A 1 mL of the prepared
solution was filtered through a 0.45-um filter and diluted to
25 mL with phosphate buffer. The absorbance of the solution

was then measured spectrophotometrically at A__ 272 nm
using a UV/Vis double beam spectrophotometer (Shimadzu,
Tokyo, Japan) and the drug content was calculated using K
obtained from the slope of the constructed calibration curve
of the drug in phosphate buffer with pH 6.8.%

In vitro disintegration time

The in vitro disintegration time (in seconds) of the prepared
sublingual tablets was measured according to USP modified
disintegration test, where the conventional tablet disintegra-
tion tester (Electrolab ED-2L; Electrolab India Pvt Ltd.,
Mumbai, Maharashtra, India) was used without the covering
plastic disks with the maximum acceptable disintegration
time <2 minutes to fulfill the official requirements. Phos-
phate buffer (pH 6.8) maintained at 37°C20.5°C was applied
as disintegration medium and the test results were presented
as an average of six determinations.?!

In vitro dissolution studies

The drug release rate from the prepared sublingual tablet for-
mulations was investigated in the USP XXIV dissolution test-
ing apparatus II (paddle method) in 500 mL phosphate buffer
(pH 6.8) as the dissolution medium maintained at 37°C+0.5°C
at 50 rpm. At predetermined time intervals (2, 5, 7.5, 10, 15,
and 20 minutes), 5 mL of dissolution medium was withdrawn
with replacement. The absorbance of the drug in each sample
was measured spectrophotometrically at A_ 272 nm using
a Shimadzu UV/Vis double beam spectrophotometer, after
filtration on 0.45 membrane filter. The cumulative percentage
of drug release was calculated using an equation obtained
from previously constructed standard calibration curve. The
mean of six determinations was considered.?

Bioavailability and bioequivalence studies
The study protocol was reviewed and approved by the animal
use committee of the Faculty of Pharmacy, Minia University
(approval #019-17). All experimental procedures in animals
complied with Minia University ethical guidelines for bio-
medical research.

Depending on the results of the previous in vitro evalua-
tion studies, HHC sublingual tablet formula (F6) was selected
and subjected to further in vivo evaluation in comparison to
commercial HHC tablets (10 mg) and oral tablets to a group
of six healthy male albino rabbits weighing 2.5-3.0 kg.
Rabbits were kept on the same diet during the study period
and overnight fasting before drug administration with free
access to water. All rabbits were cannulated through marginal
ear vein for blood sample collection.
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Study design

A randomized crossover single dose bioavailability study
was performed on two phases with washout period of
7 days in between, where each rabbit received both treat-
ments of selected HHC sublingual tablet formula (A), and
conventional (10 mg) oral tablet (B) in suitable animal dose
of drugs as calculated with reference to Paget and Barnes
table.”® A blood sample (2 mL) was withdrawn from each
rabbit before drug administration as control.

For treatment (A), rabbits were anesthetized and posi-
tioned on a flat table, the lower jaw was strongly supported
in a horizontal level on the table. Using rounded tip stain-
less tweezers, rabbit’s tongues were carefully raised and the
sublingual tablet was placed beneath the tongue. Anesthesia
was maintained for 3 hours after drug administration to keep
the tablet in sublingual position and prevent escaping down
through the gastrointestinal tract.*

For treatment (B), accurately weighed amounts of con-
ventional tablet equivalent to the calculated animal dose was
crushed and given orally to the animal with the aid of gastric
gavage after suspension in minimum volume of water.

Sample collection

In small stoppered heparinized tubes, 2 mL blood samples
were collected from the cannulated ear vein at prespecified
time intervals (ie, 0, 2, 5, 7, 10, 15, 20, 30, 45, 60, 90, 120,
180, and 240) minutes post dose. Samples were centrifuged
at 2,500 rpm for 20 minutes and the supernatant plasma was
separately transferred into polypropylene screw cap tubes
and refrigerated at —20°C until analysis.

Determination of HHC in plasma

For the determination of unchanged HHC, the collected
plasma samples were analyzed using a validated, sensitive,
reproducible, and accurate HPLC method® briefly described
as follows.

Frozen blood samples were thawed at room temperature
and prepared for analysis as follows: in a borosilicate glass-
stoppered tube, | mL EDTA (0.02 m), 1 mL HCI (0.5 M),
and 1 mL 2-hydroxy-1 naphthaldehyde (0.01 m) were
added to 1 mL plasma sample and vortexed for 1 minute;
the mixture was kept in 25°C water bath for 90 minutes.
A 7 mL of dichloromethane and 50 pL of internal standard
(methyl red) were then added and the mixture was centri-
fuged at 5,000 rpm for 15 minutes. The organic layer was
separated and evaporated to dryness at 50°C under a gentle
nitrogen stream. Finally, the residue was reconstituted in
100 pL of mobile phase [acetonitrile: phosphate buffer

pH =3 (80:20 v/v)] and (10 uL) was injected onto liquid
chromatograph (Shimadzu, SPD-6AV, UV/Vis Detector,
Tokyo, Japan) at 0.7 mL/min flow rate (25°C) and HHC con-
centration was spectrophotometrically calculated at 406 nm
with reference to the data obtained from the constructed
calibration curve in plasma.

Pharmacokinetics calculation

Plasma concentration—time curves were constructed and
the pharmacokinetic parameters [namely: C__ (ug/mL),
T . (hour), AUC, ,, and AUC, _ (ug-h/mL), K (hour™), and
t,,, (hour)] for each rabbit were calculated and manipulated
using WinNonlin Professional 4.0.1 software (Pharsight

Corp., Cary, NC, USA).

Statistical analysis of pharmacokinetic data
The mean pharmacokinetic parameters were statistically
analyzed using independent sample Student’s #-test at
P-value>0.01 and the confidence intervals were also calcu-
lated (IBM-SPSS, Inc., Chicago, IL, USA).

Pharmacodynamic study

The antihypertensive effect of HHC in the prepared sublin-
gual tablets was compared with that of conventional oral
tablets and intravenous (IV) solution using induced preec-
lampsia animal models**?’ as follows.

Animals

Thirty six age-matched female Wistar albino rats (230-270 g,
10-12 weeks old) were housed individually under standard-
ized conditions of temperature (22°C) and lighting (12-hour
light/dark cycle), with free access to food (standard mouse
chow pellet diet) and tap water ad libitum. Animals were
mated with fertile males for 4 days; the plug day was assigned
as day 0 of pregnancy. Pregnant animals were transferred to
individual cages during the period of pregnancy.

Study design
L-NAME-induced preeclampsia-like mouse model was
applied. For that, standard L-NAME saline solution (30%)
was prepared and stored in a freezer at —20°C during
the experiment. The animals received the suitable dose
(50 mg/kg/day) subcutaneously from day 7 to day 16 of
gestation to induce preeclampsia-like symptoms.

Animals were divided into six groups (n=6): oral control
group (OC) received placebo oral suspension, sublingual
control group (SC) received placebo sublingual tablet,
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IV control group (IVC) received IV sterile saline solution,
oral test group (OHHC), received oral HHC suspension,
sublingual test group (SHHC) received the prepared sublin-
gual HHC tablet, and IV test group (IVHHC) received sterile
aqueous HHC solution (10 mg). For dosage administration,
the previously described schemes for sublingual and oral drug
administration in bioavailability study were applied.

Measurement of BP

A noninvasive tail-cuff BP manometer with automated
sphygmomanometer (CODA™ tail-cuff BP System; Kent
Scientific, Torrington, CT, USA) was used to measure BP.
The protocol used by Jacques Podjarny et al,*® to measure
BP was applied as follows.

Animals were kept at rest during all measurements in
separate restraining cages. The SBP and DBP were measured
eight times in each rat, the first three readings were discarded,
and the mean of the last five was recorded as the result. For
each animal, the BP was recorded at predetermined time
intervals (5, 10, 15, 20, 30, 45, 60, 90, 120, and 180 minutes).
Results were recorded and compared.

Statistical analysis of pharmacodynamic data

The collected data were statistically analyzed using post
hoc one-way ANOVA test (Tukey mode) to declare the sig-
nificance of the recorded difference in antihypertensive drug
action in the prepared sublingual tablets in comparison to con-
ventional oral tablet at P-value>0.05 (IBM-SPSS, Inc.).

Results and discussion
Compatibility studies
Results of DSC studies are shown in Figures 1 and 2. The DSC
thermogram of HHC showed a broad endothermic melting
peak at about 277.6°C;*3! this peak was retained in the
same position with less intensity in physical mixture sample
with D-Mannitol (Figure 1B), Pharmaburst (Figure 2A), and
Saccharin (Figure 2C) due to drug dilution within the mix-
ture. In case of drug physical mixture with SSG (Figure 1C),
the drug melting peak was also retained with appearance
of other sharp melting exothermic peak at 234°C. The
thermogram of drug physical mixture with talc (Figure 2B)
was considered indiscriminative, since the thermogram of
talc showed a sharp endothermic peak at the same melting
range of HHC (274.9°C). The DSC thermogram of drug
with Avicel (Figure 1A) showed significant changes, where
the broad melting peak of Avicel at 51.1°C and the sharp
large peak at 328°C completely disappeared, while the drug
melting peak was lowered to 240°C, indicating possibility of
interaction between HHC and Avicel. These results indicate
compatibility of the drug with D-Mannitol, Pharmaburst, and
Saccharin mixture, while the compatibility with other excipi-
ents requires further investigation by IR to declare the pos-
sibility of any chemical interaction within these mixtures.
Figures 3 and 4 show the IR spectra of HHC in comparison
to its (1:1) physical mixtures with different sublingual for-
mulae excipients. IR spectrum of plain HHC shows the main
characteristic functional groups® which can be summarized
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Figure | DSC thermograms of HHC and its physical mixtures with (A) Avicel, (B) D-Mannitol, and (C) SSG.
Abbreviations: DSC, differential scanning calorimetry; HHC, hydralazine hydrochloride; SSG, starch sod-glycolate.
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Figure 2 DSC thermograms of HHC and its physical mixtures with (A) Pharmaburst, (B) talc, and (C) saccharin sodium.
Abbreviations: DSC, differential scanning calorimetry; HHC, hydralazine hydrochloride; SSG, starch sod-glycolate.

as follows: N-H stretch (3,255.84 cm™), N-H, stretch
(3,427.51 ecm™), aromatic C—H stretch (2,908.56 cm™),
and C=C stretch (1,597.06 cm™) that all retained in the IR
spectra of drug physical mixtures with different excipients
eliminating the possibility of any chemical interaction in the
prepared sublingual tablet formulae mixtures.

Preparation and evaluation of HHC

sublingual tablet mixtures

Different HHC sublingual tablet formulation mixtures
were prepared using different super disintegrants (SSG and
Pharmaburst) in different concentrations (3%, 5%, and 7%).
Detailed formulae composition is presented in Table 1.

Free flowing formula mixture is necessary to insure uni-
form weight content, accurate dosage, and elegant product of
high quality accepted by the market, and the flow properties
of powder mixture are mainly controlled by inter particulate
friction, particle size, shape, surface texture, size distribution,
and other surface characteristics including moisture content.
Other factors including bulk density, compaction degree
(porosity), equipment geometry, and storage conditions also
have an impact on powder flow.*

Angle of repose, compressibility index, and Hausner ratio
represent quantitative parametric indicators and describe the
powder flow. All prepared sublingual tablet mixtures can
be considered to have acceptable flow properties, where the
angle of repose was ranging from 29° to 34°, percentage of
compressibility of maximum 21.1%, and Hausner ratio values
close to unity (Table 1). This result can be correlated to the

good flow properties of formula mixture which overcome
the poor flow of the amorphous drug.*

Characterization of the prepared

sublingual tablets

According to tablet characterization results presented in
Table 2, the prepared HHC sublingual tablets showed accept-
able mechanical properties with good breaking strength. The
values of hardness ranged from 59 to 81 N with percentage of
weight loss less than 0.72%, which conforms to the accept-
able pharmacopeia limits. It could be also noted that the
Pharmaburst-based formulae showed lower friability values
with higher hardness and this could be correlated to the bind-
ing properties of Pharmaburst. The drug content was within
the acceptable weight variation pharmacopeial limit in all
formulations (97.89%—100.75%). Pharmaburst-based tablet
formulae showed shorter disintegration time (<34 seconds)
in comparison to SSG-based formulae (up to 47 seconds),
while they all were still within the acceptable pharmacopeial
range for sublingual tablets and this could be explained by
the highly swelling and water absorbing characteristics of
Pharmaburst formula composition.

In vitro dissolution

Results of HHC release from the prepared sublingual tablet
formulations in phosphate buffer (pH 6.8) are shown in
Figure 5. The high solubility nature of the drug was highly
observed in the dissolution results, where the percentage
drug release reached 100% in less than 10 minutes from all
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Table 2 Characterization of the prepared HHC sublingual tablets

Formula | Average weight Thickness Diameter Content Friability (%) | Hardness (N) | Dis. time
code (mg)+SD (cm) (cm) (%)+SD (seconds)
Fl 197.12+0.66 1 0.15 0.6 98.39+0.861 0.63 68.49 47
F2 196.97+0.499 0.14 0.6 97.96+0.991 0.69 63.78 43
F3 196.27+0.211 0.14 0.6 100.75+0.84 0.72 59.06 40
F4 198.31+£0.816 0.15 0.6 99.08+0.26 | 0.59 8l.11 34
F5 199.69+1.039 0.16 0.6 97.89+0.844 0.57 79.26 27
F6 199.11+0.133 0.15 0.6 98.39+0.587 0.57 77.74 21
Abbreviations: Dis., disintegration; HHC, hydralazine hydrochloride.
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prepared formulations and the release time was dependent
on super disintegrant concentration and type. In SSG-based
formulae (Figure 5A), percentage drug released was 87.38%
and 94.09% of the labeled dose after 5 minutes at super
disintegrant concentration of 3% and 5%, respectively and
reached 100 at 7%. Regarding Pharmaburst-based formulae
(Figure 5B), percentage drug released reached 96.98% of
labeled dose after 5 minutes at 3% super disintegrant level
in comparison to 100 at 5% and 7% level within the same
time. These results confirm the suitability of the prepared
sublingual formulae for use in emergency cases.

In vivo studies

Depending on the results of previous in vitro characteriza-
tion studies, HHC sublingual formula (F6) that was prepared
using 7% Pharmaburst was selected and subjected to further
bioavailability studies.

Rabbits were selected as an animal model for the bio-
availability study mainly due to the nonkeratinized nature of
mucosal membranes which are in close similarity to human
sublingual mucosa.*®

The main characteristic pharmacokinetic parameters are
presented in Table 3, while the mean plasma concentration
time curve is presented in (Figure 6) for HCC from selected
sublingual tablets formula in comparison to conventional
tablets.

These results clearly show that the extent of drug absorp-
tion from sublingual route was significantly higher than
conventional oral route as expressed by increase of both C
and AUC (28.28 ug/mL and 52.85 pg.h/mL in comparison to
18.06 wg/mL and 33.18 pg.h/mL, respectively). The results
also showed that the drug was rapidly absorbed from sublin-
gual route, where 7' was lowered by more than one half to
be only 0.33 hour (20 minutes) in comparison to 0.75 hour
(45 minutes) for conventional oral route.

Table 3 The mean pharmacokinetic parameters of HHC after
administration to rabbits by oral and sublingual routes

w
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Time (min)

Figure 6 Mean plasma concentration—time curves of the prepared HHC sublingual
tablet formula (F6) in comparison to conventional HHC oral tablets in rabbits.
Abbreviations: HHC, hydralazine hydrochloride; OHHC, oral test group;
SHHC, sublingual test group.

Hence HHC is a BCS class III drug of high solubility and
permeability;*® these results could be explained by its higher
solubility and small molecular weight (160.19 g/mol), where
the capillary walls show free, easy, and rapid permeability
to small molecular weight particles. The salivary glands
contain lobular cells that secrete saliva through the salivary
ducts into the buccal cavity. Acidic taste (pH), due to the
presence of citric acid, stimulates secretion of larger amount
of saliva, with increased oxygen consumption within sub-
lingual vessels and secretion of vasodilators; this stimulates
higher blood flow within the glandular blood vessel with
subsequent facilitated drug absorption and uptake into the
circulatory system.?’

Statistical analysis of data indicated a significant differ-
ence between the calculated pharmacokinetic parameters
from both conventional tablet and selected sublingual
formula (F6) with P-value of <0.001. Table 4 shows the
calculated 95% confidence intervals of the calculated phar-
macokinetic parameters within narrow range excluding zero
value as an evidence for precision of the results and rejection
of null hypothesis.

Table 4 Cls of the statistically calculated mean differences of

Pharmacokinetic | OHHC SHHC calculated pharmacokinetic parameters

parameter Parameter | P-value | Mean Cl

C,.. (ug/ml) 18.0633+23.2 28.2767+4.61 difference Lower Upper

T__ (hour) 0.75£0.025 0.33:0.011 C. <0.001 | 10213333 ~11.519 | -8908

K (hour™) 0.84+0.04 0.65+0.06 T 16.723333 16.126 17.320

t,, (hour) 0.83+0.02 1.07+0.08 AUC, , 1002.481817 —1194.282 | -810.681

AUC((H) (ug-h/mL) 31.38+4.47 48.11+£5.37 AUC, —1179.609250 | —1429.233 | —929.986

AUC, ., (ighiml) | 33.1855.18 52851318 K 00.003350 0.00180 | 0.00490
Abbreviations: HHC, hydralazine hydrochloride; OHHC, oral test group; SHHC, bn 14.8161000 ~20828 8805

sublingual test group.

Abbreviation: Cl, confidence interval.
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Pharmacodynamic study

Preeclampsia is a multisystemic maternal syndrome includ-
ing several pathophysiological changes usually associated
with hypertension and proteinuria during late gestation
mainly due to insufficient production of nitric oxide (NO),
within the vascular endothelium with increased vascular
resistance and BP as well as reduced blood perfusion with
a hypoxic state and suspected intravascular coagulation.
L-NAME is an NO inhibitor that causes pathophysiological

A

symptoms of preeclampsia, if applied during mid to late
gestation period.*

The daily subcutaneous L-NAME administration to preg-
nant animals starting from day 7 led to significant BP rise at
the late gestation (14 days), where the basal SBP/DBP reached
142.93/111.7 mmHg in comparison to 104.7/75.6 mmHg for
untreated animals, respectively (Figure 7A).

Figure 7B shows the effect of sublingual administration
of HHC on induced hypertension in comparison to the oral
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Figure 7 Bar chart of (A) BP of pregnant rats before and after treatment with L-NAME in comparison to non-pregnant rats. (B) The effect of HHC in different dosage forms

on BP of pregnant rats.

Abbreviations: DBP, diastolic blood pressure; HHC, hydralazine hydrochloride; IVC, IV control group; IVHHC, IV test group; L-NAME, N(omega)-nitro-L-arginine methyl
ester; NP, non-pregnant; NPT, non-pregnant treated; OC, oral control group; OHHC, oral test group; PT, pregnant treated; SBP, systolic blood pressure; SC, sublingual

control group; SHHC, sublingual test group.
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HHC tablets after 30 minutes. It can be clearly seen that the
sublingual administration caused rapid control on hyper-
tension to normal safe level (114.3/85.1 mmHg) for both
SBP and DBP values, respectively. The oral route showed a
markedly slower effect on hypertension, where the SBP/DBP
values reached 135.5/106.1 mmHg, respectively within the
same time period. Further tracking of animal BP for 3 hours
showed that the BP was still under control in case of the
prepared sublingual tablets and also showed the oral tablets
started to show significant control on BP within 2 hours,
where the SBP/DBP values reached 117.1/87.2 mmHg,
respectively.

For comparison, BP was also recorded after IV admin-
istration of HHC sterile aqueous solution (10 mg) to the
hypertensive animals, and results (Figure 7B) showed that
the BP decreased to the normal safe level (113.8/83.2 mmHg)
within 20 minutes in comparison to (121.2/91.7 mmHg) after
sublingual administration within the same time period that
could be considered acceptable values for BP.

Generally, for rapid systemic effect, oral mucosal
administration is often expected to be an administration
route of choice due to rapid absorption with shorter onset
time also due to short liquid residence time in the oral cavity
(5-10 minute).*

Several studies showed that the rapid drug disappearance
from the oral cavity is faster than its appearance within the
systemic circulation and does not necessarily mean rapid
drug systemic adsorption. Different models that describe
the mucosal absorption from oral cavity explained that by
an equilibrium between drug concentration in oral cavity
and mucosal membranes; the equilibrium point principally
depends on the drug solution in saliva (controlled by drug
solubility) and drug transfer from mucosal membranes into
systemic circulation. The latter is considered as the rate
determining step in buccal absorption as it always occurs
with slower rate.*

The sublingual route does not suffer this problem and
higher correlation could be shown between drug removal
from the oral cavity and its appearance within the systemic
circulation. This could be explained in terms of higher
permeability of sublingual area than other buccal areas
including supralingual or buccal; this is mainly due to high
blood supply, relatively thin membrane (100—200 um), and
low degree of keratinization.*! Sublingual administration is
considered as an optimal route for obtaining a rapid onset of
action. In addition to the higher permeability and solubility of
HHC, this clearly describes and explains the short onset time
of HHC from the prepared sublingual tablets and its rapid
control on induced hypertension in animal model.

Table 5 One-way ANOVA test for systolic blood pressure data

Difference | Sum of | df | Mean F Significance
squares square

Between 5,657.039 |5 1,131.408 |21.013 | <0.00I

groups

Within 3,230.662 | 60 | 53.844

groups

Total 8,887.701 | 65

Statistical analysis of pharmacodynamic data

For statistical analysis of the variance between more than two
groups, post hoc one-way ANOVA test is usually applied.
So, it is used to statistically determine the significance of
the detected difference between recorded pharmacodynamic
data. According to the results presented in Tables 5 and 6, a
significant difference between the recorded SBP and DBP
data of different groups was determined at the selected
probability level (P>0.05). To detect the exact position
of the recorded significant difference between the differ-
ent group means, further data analysis according to post
hoc test (Tukey mode) is applied and results showed that
IVHHC, OHHC, and SHHC are significantly different from
OC, SC, and IVC; also SHHC is significantly different from
OHHC, while the recorded difference between SHHC and
IVHHC was insignificant at the selected probability level
(P>0.05), which indicated suitability of SHHC as a poten-
tial alternative to IV route for rapid control on hypertensive
preeclampsia.

Conclusion

HHC sublingual tablets were prepared using different super
disintegrants at various levels to be used as IV substitute
for rapid control on hypertensive emergency, especially in
preeclampsia cases. Depending on the evaluation results
it could be concluded that the prepared sublingual tablet
formulations showed high compatibility without any pos-
sibility of chemical interaction as confirmed by DSC and IR
studies. Also the prepared tablets showed good mechanical
properties with high disintegrating power as indicated by the
very short disintegration time. The percentage drug release

Table 6 One-way ANOVA test for diastolic blood pressure data

Difference | Sum of df | Mean F Significance
squares square

Between 6,543.794 | 5 1,128.759 |20.902 | <0.001

groups

Within 3,240.204 | 60 | 54.003

groups

Total 8,883.998 | 65
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reached 100% only after 5 minutes (in some formulations).
The prepared sublingual tablets showed higher bioavail-
ability as indicated by the significant increase in both rate
and extent of drug absorption in comparison to conventional
oral route. In induced preeclampsia-like mouse model,
sublingual HHC tablets normalized both SBP and DBP
within 30 minutes without any significant difference from
IV data. All these results lead to the final conclusion that the
prepared sublingual tablet formulae of HHC is an optimum
formula for rapid control on hypertensive crisis, especially
in pregnant women.

It is also worth mentioning that the authors are planning
to implement a clinical study of the prepared hydralazine
sublingual tablets on pregnant women and patients under
hypertensive crisis to insure efficacy of the prepared tablets
and explore any unexpected clinical response and/or
complications.

Disclosure
The authors report no conflicts of interest in this work.
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