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secretion by suclion during experimentation. A
polyethylene tube (PE 35) filled with heparinized
saline (50 unit/ml; Leo Pharmaceutic) was inserted
into the carotid artery for blood pressure (BP) and
heart rate monitoring by a pressure transducer
(BIOPAC TInc.) interfaced to a computer recording
system (MP100 acquisition unit, BIOPAC Inc.) The
left femoral vein was cannulated for drug
administration. The body temperature was
maintained in the range of 365 — 37.0°C
throughout the experimental period. After
operation, rats were allowed fto establish steady
state condition for 45 min.

4.2 Experimental protocols

ENN was prepared as a solution in normal
saline and filtered. The filtrate of ENN 0.5 ml at
doses of 0 or mg/kg was injected via the
femoral wvein. The BP and heart rate were
continuously monitored until stable. The other sets
of experiments were designed to examine the basic
mechanism of ENN on BP. Atenolol (-adrenergic
receptor  autagonist; Sigma) 5 mgkg or
hexamethonivm {ganglionic blocking drug; Sigma)
3.5 mg/kg was administered through femoral vein
2-3 min prior to injection of ENN | mg/kg. The
systolic blood pressure (SBP), diastolic blood
pressure (DBP), and heart rate (HR) was monitored
before and afier each drug administration.

5. Data Analysis

SBP, DBP and HR were calculated From
the pressure waves as percentages of values before
treatment or before drug administration (initial
value), and expressed as meantSEM. Statistic
analysis was performed by one-way ANOVA
followed by LSD for post-hoc test. A P-value of
<0.05 was considered significant.

Results

Chronic effects on systolic blood pressure and
heart rate

Rats were established in  steady
hypertensive state after renal artery consiriction for
6 weeks. The SBP at weck 6 was significantly
higher than that of before surgery (#<0.05),
whereas the HR was comparable (table 1). The
result confirms that renal artery ligation can
produce hypertension.

Figure | i SBP o  n-treated
control rats and hypertensive rats treated with ENN
over the 3-week period of experiment. The SBP of
contre  and ENN 100 mg/kg/d treated group were
not significantly different, and slightly increased by
2-6% during the period of ohservation. The results
indicate that ENN 100 mg  z/d is not an effective
dose for lowering BP. Then the doses of ENN werc
increased up to 400 and 800 mg/keg/d. It was found
that after 1 weeks of lreatment, the SBP of ENN
400 mg/kg/d treated group was significantly lower
than those of the former two groups (P<0.05), and
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ENN 800 mg/kg/d caused a nonsignificant decrease
in SBP. At week 2 and 3 of treatments, ENN 400
and 800 mg/kg/d produced a considerable reduction
in SBP by 5-11% which were significantly lower
than those of control and ENN 100 mg/kg/d treated
group (P<0.05). in addition, ENN at all tested doses
did not cause any significant change in HR during
the experimental peried (Fig 2).

Acute effects on blood pressure and heart rate

The hypotensive effect of ENN was
further evaluated in anaesthetized rats. A bolus
intravenous iujection of ENN 0.1 or 1 mg/kg
caused an abrupt and dose-dependent reduction in
both SBP and DBP. The hypotension was observed
in a longer period at dose of 1 mg/kg, and ENN
showed a more pronounced effect on DBP than on
SBP as illustrated in Fig 3A. At the maximum
effect of ENN 0.1 and 1 mg/kg, DBP was decreased
by 30% and 45 % respectively. In comparison,
ENN at the same doses caused a reduction in SBP
by 18% and 27% respectively (Fig 4). HR at the
maximum hypotensive effect of ENN were
increased approximately 10% at 0.1 mg/kg and
14% at 1 mg/kg (Fig 5).

Hexamethoniom (3.5 mg/kg) was
employed to  inhibit the central autonomic
discharge. Intravenous injection of hexamethenium
slightly decreased BP and increased HR. Upon
ganglion blocked Dby hexamethonium, ENN
(Img/ke) still produced a potent hypotensive effect
whict wered SBP of 23% and DBP of 41% with
respect to the values prior to ENN injection (Fig 4).
In addition, HR at the time of maximum effect of
ENN was increased by 19% (Fig 5). The further
study was performed by blocking the cardiac and
vascular [-adrenergic receptors with atenolol (5
mg/kg) before ENN (1 mg/kg) injection. The
depressive effects of ENN on SBP and DBP were
completely blocked by atenolol (Fig 3B). The SBP
and DBP in the response to ENN (1 mg/kg) with
atenolol were significantly higher than those of
ENN 0.1 and 1| mg/kg, and ENN with
hexamethonium (P< 0,05; Fig 4). In the present of
atenolol, ENN 1 mg/kg could not cause an increase
in HR (Fig 5). The HR in response to ENN
(Img/kg) with atenolol was significantly lower than
those of ENN 0.1 and | mg/kg, and ENN with
hexamethonium {P< 0.05; Fig 5).

Discussion

The current study demonstrated that
chronic treatment with ENN caused a reduction in
SBP in renovascular hypertensive rats. Moreover,
acute administration of ENN 1o normotensive rats
produce decrease in SBP and DBP, as we  as an
increase in HR. All the a e effects of ENN were
blocked by a [-adrenergic receptor blocker
(atenolol}, but not by a g lionic blocking drug
(hexamethonium), suggesting that its may have
direct vascular and cardiac effects mediated via the
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the f§-adrenergic receptors.

The antihypertensive effcct of ENN was
demonstrated in renovascular hypertensive rats
induced by renal artery constriction. The modified
technicque used to constrict the renal artery in this
study was reproducible. All rats progressively
developed hypertension within 5-6 weeks after
surgery, which is consistent with other reports'®",
The hypertensive rats were daily treated with ENN
for three weeks. The antihypertensive effect of
ENN was observed at doses of 400 and 800
mg/kg/d, but not at 100 mg/kg/d. However, ENN
400 and 300 mg/kg/d could not lower the SBP in a
dose-dependent manner, probably due to the
difference in the severity of the hypertensive state.
In the non-treated control and ENN 100 mg/kg/d
treated, the high blood pressure was maintained
through out the three week period of observation,
confirming the antihypertensive effect of ENN of
the two higher doses.

Intravenous administration of ENN (o
normotensive rat caused a rapid and transient
reduction in blood pressure which was sustained for
I min, and HR was increased at the maximum
effect of ENN. To further gain insight into the
hypotensive mechanisms of ENN, hexanicthonium
was used to block the ganglionic neurons,
fransmitting  the  central  impulses  from
hypothalamus and brain stem centers to the blood
vessels'®.  was found that hexamecthoniuin could
not inhibit the effects of ENN on the blood
pressure, suggesting that ENN may not act on the
centr nervous system. In addition, the increase in
HR after ENN injection seems unlikely to be due to
reflex tachycardia in response to the decrease in BP
since it remained unaffected by hexamethonium,
suggesting that ENN may have a direct positive
chronotropic effect. This notion was confirmed in
isol 4 rat atria, and both positive inotropic and
positive  chronotropic  effects of ENN  were
obviously observed", Another  mechanisim
responsible for the hypotensive effect of ENN
would be the direct vascular action since most
antihypertensive drugs decrease BP by reducing
peripheral vascular tone'®. It is well known that the
[B-adrenergic receptors participate in blood pressure
and blood flow regulation by causing
vasorelaxation'’. Evidence has been provided that
N. nucifera leaf extract accelerated lipolysis in
adipocytes via p-adrenergic receptors'®, Atenolol
was =~ n ] B-
adrenergic receprors, 10 was snown mat atenolol
completely  inhibit both  hypotensive and
chronotropic effects of ENN. Atenolol appears to
have low lipid solubility which limited is blood
brain barrier penetrationm, so most of its  ocking
effects are at the peripheral sites. Moreover, current
study found that the effects of ENN could not be
inhibited by a muscarinic receptor antagonist,
atropine (data not show). This finding indicates that
ENN may have direct vasorelaxant and positive

chronotropic effects mediated via the vascular and
cardiac B-adrenergic receptors.

A number of alkaloid and flavonoid
conslituents in N. nwucifera leaves have been
reported® °. Two alkaloids isolated from its leaves,
asimilobine and lirinidine, was demonstrated to
inhibit contraction of rabbit aorta induced by
serotonin®’, Coclaurine, found in N anucifera
leaves®, was shown (o relax uterine smooth
muscle” and its derivative exhibited vasorelaxant
effect on aortic rings’. Therefore, it is likely that
multi substances in &. nucifera leaves might come
inte play in lowering the blood pressure through
their vasodilatory effects upon vascular smooth
mnscle. The observation of antihypertensive effect
of ENN in the present study may not be exclusively
due to its direct vascular effect. The div i effect
might be the other possible mechanism of its
antihypertensive action, since the rhizome extract
of this plant has been reported to increase urine
excretion”. Precise mechanism by which ENN
produces its blood pressure lowering effect requires
further investigation.

In conclusion, the present study showed
that ENN elicited antihypertensive effect in
hypertensive rats. It also exhibited acute
hypotensive and positive chronotropic effects
which may be mediated through vascular and
cardiac -adrenergic receptors.

Acknowledgements

This work was supported by a grant from
Faculty of Science, Burapha University. We would
like to thank Associate Professor Nantana
Tanwatanakul for identifying the plant material,



10

References
1.

10.

Kitsanaphun W. Medicinal plant. 3" ed.,
Bangkok, Chulalongkorn University press,
1998; 115-117.

Mukherjee PK, Pal M, Ssha K and Saha BP.
Diuretic activity of extract of the rhizomes of
Nelumbo nucifera Gaertn. (Fam.
Nymphaeceae). Phytotherapy Res 1996; 11
424-425,

Mukherjee PK, Saha K, Das J, Pal M and Saha
BP. Studies on the antiinflammaltory activity of
thizomes of Nelumbe nucifera. Planta Med
1997, 63: 367-369.

Mukherjee PK, Saha K, Pal M and Saha BP.
Effect of Nelumbo nucifera rhizome extract on
blood sugar level in rats. J Ethnophar-macol
1997; 58: 207-213.

Sohn DH, Kim CY, Oh SH, Park EJ, Li X and
Lee BH. Hepatoprotective and free radical
scavenging effects of Nelumbo nucifera.
Phytomedicine 2003; 10: 165-169.

Chuthaputti A. Pharmacological effect of lotus.
J Thai Traditional & Alternative Med 2003;
1(1): 61-63.

Jittiporn K, Wongkrajang Y,  Thron-
gpraditchote S, Temsiririrkkul R,
Kongsakirakoon B, Peungvicha P and Jaiarj P.
Effect of extract of Nelumbo nucifera Gaertn,
Embryo on cardiovascular function in rats.
Thai J Physiol Sci 2002; 15(1): 34-44.
Kashiwada Y, Aoshima A, Ikeshiro Y, Chen
YP, Furukawa H, Itoigawa M, Fujioka T,
Mihashi K, Cosentino LM, Morris-Natschke
SLand :e KH. Anti-HIV benzyliso-quinoline
alkaloids and flavonoids from the leaves of
Nelumbo  nucifera, and  structure-activity
correlations with related alkaloids. Bivorg Med
Chrem. 2005; 13: 443-448.

Twurriaga-Vasquez P, Mique R, Ivorra MD,
D'Ocon MP and Cassels BK. Simplified
tetrandrine CONgeners as possible
antihypertensive agents with a dual mechanism
of action. J Nat Prod 2003; 66(7): 954-957.
Lovenberg W. Techniques for the measurement
of blood pressure. Hypertension. 1987; 9
(Suppl 1): 15-16.

11.

12.

13,

i4,

16.

17.

18,

19.

20.

21,

22,

Thai J Pharmacol; Vol 29: No.2, 2007

Coleman TG. Hypertension caused by renal
artery stenosis @ Goldblatt hypertension, In
blood pressure control. Quebec, Medical &
Scientific Publishers, 1980; 1; 30-49.

Mohlring J, Mohring B, Naumann H, Philippi
A, Orth H, Dauda G, Kazda S and Gross F.

Salt and water balance and rennin activity in
renal hypertension of rats. Am J Physiol 1975;
228(6): 1847-1855.

Sen S, Tarazi RC and Bumpus FM. Reversal of
cardiac hypertrophv in renal hypertensive rats:
medical vs surgic  herapy. Am J Physiol
1981; 240(9): H408-H412.

Guyenet PG. The sympathetic control of blood
pressure. Nature Rev Nenrosci 2006; 7: 335-
345.

. Trongiorsak P, Attachit 8, Sanitwong na

Ayuthaya S, and Athipchatsiri N. Effects of
crude leaf extract of Nelmmnbo nucifera Gaertn,
on cardiac functions. Proc. STT 31"’; 2005:
279.

White WB. Update on the drug treatment of
hypertension in patients with cardiovascular
disease. Am J Med 2005; 118: 695-705.
Guimaraes S and Moura D. Vascular
adrenergic receptors: An update. Pharmacol
Rev 2001, 53(2): 319-356.

Ono Y, Hattori E, Fukaya Y, Imai S and
Ohizumi Y. Antiobesity effect of Nelumbo
nucifera leaves extract in mice and rats. J
Ethnopharmacol 2006; 106: 238-244.
Wadworth AN, Murdoch D and Brogden RN,
Atenolol: a reappraisal of its phar-macological
properties and therapeutic use in cardiovascular
disorders. Drrgs 1991; 42: 468-510.
Suwittayawat W. Bou Laung. Newsletter of
Medicinal Plant. 1997; 14(3): 16-21.

Shoji N, Umeyama A, Iuchi A and Takeinoto
T. Asimilobine and lirinidine, serofonergic
receptor antagonists, from Nelumbo nucifera. J
Naf Prod 1987, 5(4): 773-774.

Martin ML, Diaz MT, Montcro MJ, Pricto P,
San Roman L and Cortes D. Antispasmodic
activity of  benzylisoquinoline  alkaloids
analogous to papaverine. Plamta Med 1993;
59(1): 63-67







12 Thai J Pharmacol; Vol 29: No.2, 2007

=q = =] v Y 5 P ooy (7
ﬂTiﬁn‘H‘I‘H‘JETNidi’lfilii)&mﬂﬂ!‘iﬂﬂfnumﬂﬁﬂﬂﬂ1°Hﬂ3~l‘i]1«l1ﬂ 1 N3y

- = o ar 3

AWFs 51HIUNTEIING, Qi qITIRRY’, WO UTTHIIFNIIM
‘madvundvgnmazsy nuzmdvmans pnawsaluning 1 ngannd 10330
‘ndvndvnssy  vendymiand POaeaIainIngay njaa 10330

‘dninnutleaduniugulsn wa 1 agumya asuAmguIsA ASENTNIEITULY NFANKT 10900

w 1
unnnda

Anudamyavesniadhndmdoriddan vna 1| (Cotdime”) ninTaevimilad
$rfim Fenfunduy Fotum) dufiunt eraaiiny aofifiqunnd 2 au eveaiasudas
aldsuenis 2 @3y Taonsdadhndndefondudommmmnaseuuuudmaduria 2 ma
Mushedudealusnashefimnzamazereinnsinanududuvewniddanlasld  meLC
imanudituve i EaninahiguesdazmanAnnamd i fmandraumania
feadealdud armdudugen e, hdEnlmamn ), nafimmdutuveaantdFingaga
Tuvana 1 @) nazi A1 IR avansiaund fuﬂjmm'h?ﬁcﬁ?uﬂuwmﬂu1-Lua1ﬁxqa1q¢lﬁ1ﬂmaqm'i
fudredadon (AUC, ) tazfinmeriud (AUC,.) amsimmideyasing® ¢ vessmis 2 v’

Haruuananiuieenz 3.48 Younz 90 voernIToud M UHAMaURIA1 C_,, AUC,, Uas AUC,4,

= [ = ® 1Y) 1 1 o umu 1 X
flaseylugivosnem3fiuves Cef-dime  nusdumiieglugia so-125 fididaveansnadeundaza
> ¥ H
1 ] = - G g o = v oW o )
nnnhdesaz 80 apl ldheiadhndnnitorsldrdamta 2 15y DFaugaiunadasuia wazalSinwn

= A ooy L o o
Ngngadue  {5uums Ivafauveslata

L =5

o ¥ ad -~ 9 9 Af
AYIHIIAL: ¥ITHYA, L‘H‘I’lﬂ'\“ﬁﬂil, urmmannaliie

o



Thail Pharmacol; Vol 29: Ne 2, 2007

Introduction

Ceftazidinme is a semisynthetic, third generation
cephalosporin  antibiotic. Like cefotaxime and
ceftriaxone,  ceftazidime is a  parenters!
aminothiazolyl cephalosporin. This aminothiazol
side chain enhances antibacterial activity, particularly
against Enterobacteriaceae, and generally results in
enthanced stability against B-lactamase. Ceftazidime is
bactericidal in action. This results from inhibition of
mucopeptide synthesis in the bacterial cell wall'.

Ceftazidime is not absorbed from the GI tract
an  must be given parenterally. Fc wing IM
administration of a single 1-g dose of ceftazi ne in
healthy adults, peak serum concentrations of the drug
are attained approximately 1 hour after the dose and
average 29-39 pug/mL, Ceftazidime is widely
distributed into body tissues and fluids with volume
of distribution at steady e averages 0.18-0.31 L/kg
in healthy adults. It is 5-24% bound to serum
proteins.  Ceftazidime is not metabolized and is
excreted changed principally in urine by
glomerular filtration. The elitmination half-life is 1.4-
2 hours', Ceftazidime is used for the treatment of
various infections. The usual adult dosage is 1 g
given IV or IM every 8 or 12 hours.The maximum
dosage is 6 g daily. In patients with renal
imnpairment, doses and/or frequency of administration
of the drug should be modified!. Ceftazidime is well
tolerated, adverse effects have been reported in about
9% of patients receiving the drug and have required
discontinuance in about 2% of patients’,

Ceftazidime IM injections are available in
Thailand through a variety of trade names from
different manufacturers®. However, the cost per unit
of the products imported is excessively higher than
the locally mnanufactured brands, In Thailand where
ceftazidime is also widely prescribed, a new
ceftazidime preparation intended to be used + 1ically
must pass the bioeguivalence test required by the
Thai FDA. Therefore, the bioeguivalence of such a
ceftazidime IM injections should be evaluated.

Materials and methods

Test product
Two drug-products of 1-g ceftazidime IM
injections were in vive evaluated. One was a generic
drug-product (Cef-dime®, Lot no CEK 508, Mid
vo0s, E 21/1072000 ured by
ned Co., Lid, and another was an innovator’'s
product (Fortum®, Lot no 5020, MEd 21/09/2005,
Exp. 20/09/2008) immported by GlaxoSmithKline
(Tha 1d) Ltd, which was assigned as the reference
standard.
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Chemicals

All chemicals used were analytical and/or HPLC
grade. Water was deionized and double distilted prior
to use.

Suhjects

Twenty-four healthy Thai male volunteers with
a mean age of 33.79 years old (range 20 to 45 years
old) participated in this study. They had normal bedy
buiit w  mean weight of 61.58 kg (range 53 to 70.0
kg) and average height of 1.66 m (range 1.58 to
1.72m). A subjects were heaithy based on history,
clinical examination and preentry hematologic and
biochemic tests. None was allergic to ceftazidime
and/or cephalosporins. All subjects abstained from
other drug intake and alcoholic preparations as well
as smoking two weeks prior to and throughout the
study. The methods and conditions of the study were
clearly explained to all subjects. Informed consent
was signed and cbtained from each subject before
entering the experiment. Inclusion, exclusion and
withdrawal criteria for the subjects were considered
according to Thai-FDA Guidance.

Drug administration

Each subject received 1 g ceftazidime IM
injection of test or innovator’s product in a single
dose. A subjects received each dose in  the
morning. The subjects were requested fo report all
adverse events after drug  administration.  All
adverse events encountered during the clinical study
were reperted on the Case Report Form.

Experimental design

The study was conducted in a randomized two-
way crossover design. Each subject received the drug
in a randomized order. The washout pericd was one
week. This study was conducted in accordance with
the Declaration of Helsinki. The protocol was
approved by an Ethics Committee of the Faculty of
Pharmaceutical Sciences, Chulalongkorn University.

Samples collection :

Blood samples (5 mL) were drawn from the
antecubital vein before and at 0.25, 0.5, 0.75, 1.0,
1.25, 1.5, 1.75, 2.0, 2.5, 3.0, 4.0, 5.0, 6.0, 7.0 and 8.0
hours post dose. All blood samples were coliected in
heparinized tubes. After centrifugation at 4000 rpm
for 15 minutes. The plasma was separated and stored
at -20°C until subsequent assay.

Determination of ceftazidime in plasma

Plasma ceftazidime concentrations were
determined by  high  performance  liguid
chromatography (HPLC) using a method m  fied
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from that reported by Isla A, et al'. The procedure
was briefly described as follow:

To plasma 0.5 mL, 70 pL. of [ mg/mL of
cefotaxinie (as internal standard) in water a1 1.0 mL
of acetonitrile were added, The mixture was
vortexed for 1 minute and centrifuged at 4000 rpm
for 10 minute. Aqueous porlion was separated and
miixed with 5.0 mL of dichlorometane. Again, the
mixture was vortexed for I minute and centrifuged at
4000 pm for 10 minutes. A 50 pl. of clear
supernatant was injected into the HPLC. High
performance liquid chromatography equipped with
UV detector (Agilent 1100 series,USA), was used for
the analysis. The wavelength was set at 257 nm.
Separa-tion was performed using p-Bondapak, Cig,
10 um (300 x 4.6 mm, i.d.). column at 30°C. The
mobile phase consisted of ammonium acetate buffer
pH 4.0: acetoniirile at the ratio of 98:2 v/v. The flow
rate was 1.5 mL/min. The ceftazidime concentration
in plasma samples were quantified from the standard
curve’,

Validation of analytical method

The method modified from that reported by
Isla A, et al used in this study was validated under the
method of US-FDA’,

Pharmacokinetic analysis

Individual plasma ceftazidime concen-
tration-time profile from each treatment was analyzed
for relevant pharmacokinetic parameters (Cpra, tmar
AUCy, and AUC...». The peak plasma ceftazidime
concentration, C,,., and the time to peak plasma
ceftazidinie concentration, tn.,, were observed from
the plots of the plasma drug concentr ntime. The
area under the plasma ceftazidime concentration-time
curve from time zero t¢ e last point of collection,
AUCq,, was calculated using frapezoidal rule and
that from time zere to infinite time was calculated by
adding the AUCg, with C*/K term; where C* was the
last mieasurable drug concentration and K was the
terminal elimination rate constant®, At least three
points during the terminal Ln-linear phase were used
to obtain an accurate estimate of K from linear
regression. In most cases, more than three points were
used for best fitting. Half-life was computed from
0.693/K. The Ln C,, Ln AUCq, and Ln AUCq.,
were calculated.

Evaluation of bion  ivalence

Analysis of variance (ANOVA) for two-way
crossover design at o = 0.05 of the Cay, AUCq, and
AUC , values of both products were performed
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based on Ln-transformed data®. The differences of
lmax IMean was then computed. Finally, the 90%
confidence interval (Two one-sided test) for the
differences of Ln Cgy.Ln AUCq, and Ln AUCq.,
means of the test oduct relative to the innovator’s
product were const led’. Power to detect 20%
mean parameter differences were determined. The test
product was considered to be bioequivalent with
the innovator's product when each 90% confidence
interv; was wit  B80-125%%*%  The power of the
test should be greater than 80%.

Results

Validation and analysis of plasma ceftazidime
concentrations

Chromatograms of the analytic.  nethod for
determination of ceftazidime and ceto-taxime in
plasma are shown in Figures 1 and 2. The retention
times of both agents were about 6-8 and 10-14
niinutes, respectively. No any interferent peaks due to
the presence of plasma proteins and/or endogenous
substances were observed, indicating the selec-
tivity/specificity of the analytical method.  All
validated parameters for accuracy, precisions,
linearity, recovery of extraction, and stabilities of
the assay method used for quantifying drug
contentin  plasma  were within the acceptance
criteria. The standard curve of peak area ratios of
ceftazidime (o cefotaxime wversus ceftazidime
concentrations was linear covered the range of
concentrations employed with the coefficient of
determination of better than 0.999. The lower limit of
quantification was found to be 3 pg/n

Plasma ceftazidime concentrations

The plasma ceftazidime concenirations at the
time zero in all subjects were equal zero. The mean
plasma ceftazidime concentration-time profiles of 24
subjects for test and innov r's product are shown
graphically in Figure 3. The plasma ceftazidime
concentrations at each sar  ing time upto 8 hours of
24 subjects following IM injection of ceftazidime 1 g
of test and innovator’s product were analyzed for
relevant pharmacokinetic parameters. Results are
presented in Tables | and 2 for test product and
innovator’s product, respectively.
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Introduction®?**

Doxazosin, quinazoline derivative with
selective ¢, — adrenoceptor antagonistic activity, is
presenlly marketed for the treatment of
hypertension. Doxazosin has been recently
approved by the United State Food and Drug
Adn istration (FDA) for use in treatment of
benign prostatic hyperplasia and has been found to
be well tolerated by th normotensive and
hypertensive patients with this condition and by
elderly patients.

Pharmcokinetics ¢data show that after oral
administration, doxazosin is rapidly and well
absorbed. After oral administration of therapeutic
doses, peak plasma levels of doxazosin mesylate
occur at about 2 to 3 hours. Bioavailability is
approximately  65%, reflecting  first  pass
metabolism of doxazosin mesylate by the liver.
Doxazosin mesylate is extensively metabolized in
the liver, mainly by O-demethylation of the
quinazoline nucleus or hydroxylation of the
benzodioxan moiety. Although several active
metabolites of doxazosin mesylate have been
identified, the pharmacokinetics of these
metabolites have not been characterized. In a study
of two subjects administered radiolabelled
doxazosin mesylate 2 mg orally and 1 mg
intravenously on two | separate  occasions,
approximately 63% of the dose was ¢liminated in
the feces and 9% of the dose was found in the  ne.
On average only 4.8% of the dose was excreted as
unchanged drug in the feces and only a trace of the
total radioactivity in the urine was attributed to
unchange drug. At the plasma concentrations
achieved by therapeutic doses approximately 98%
of the circulating drug is bound to plasina proteins.
Plasma elimination of doxazosin mesylate is
biphasic, with a terminal elimination haif-life of
about 22 hours. Steady-state studies in hypertensive
patients given doxazosin mesylate doses of 2 to 16
mg once daily showed linear kinetics and dose
proportionality.

The objective of this study is to perform a
bicequivalence study of generic doxazosin product
made iu Thailand, Cazosin® tablet from Miltimed
Co., Ltd. in comparison with the innovative
product, Cardura® tablet from Pfizer Italia S.r.l,
Latina, Italy in healthy Thai male volunteers.

Materials and methods

Relereuce and test products:

A test product is 4 mg/tablet Cazosin®,
Lot NO. : CZT401, Mfg. Date : 06.09.04, Exp.
Date : 06.09.06, Millimed Co., Ltd.,, Thailand. A
reference product is 4 mghablet Cardura®,
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Control/Lot No. : 410380830, Mfg. Date : 08.2004,
Exp. Date: 07.2009, Pfizer Ttalia S.r.1., Latina, Ttaly.

Bigequivalence Study

The  bicequivalence study  protocol
between Cazosin® and Cardura® tablets was
approved by the Ethical Clearance Human
Experimentation Committee, Research Institute for
Health Sciences, Chiang Mai University, Chiang
Mai, Thailand. The study was performed at Chiang
Mai Ram 1 Hospital, Chiang Mai. Plasma
doxazosin analysis and data analysis were executed
at the Faculty of Pharmacy, Chiang Mai University,
Chiang Mai, Thailand.

Suhbjects

Volunteers were 12 healthy Thai males;
their ages were in the range of 21 - 25 years old.
Their body mass indexes were within the range of
18 — 24 kg/m’. The demographic data of the
volunteers were shown in Table 1. All subjects
were abstinent from any medications for at least 1
week prior to the study. They were free from any
medical illnesses or underlying diseases judged by
physical examination and routine blood test
including complete blood count, blood urea
nitrogen and creatinine, liver function test, and
special blood test for viral hepatitis and HIV,
Before joining the study, all volunteers wers
informed the details, and signed written consent
form to participate the study.

Study Design »*

Double blind, single dose, two treatment,
two period, two sequence, randomized cross over
design was used with one week washout peried.

One week before and in the period of the
study, all voluateers took no medicine and
consumed no alcoholic beverages. Food had been
abstained from 10.00 pm the night before the study.
About 8.00 am, one 4 mg tablet of either Cazosin®
or Cardura® was taken by each volunteer with 240
mL water.

Five milliliters of blood samples were
taken at 0, 0.5, 1, 1.5, 2, 2.5, 3, 4, 6, §, 12, 24 and
36 hours  er drug taking and, en, centrifuged to
separate plasma within 30 minutes. Plasma samg
were stored at -40 °C. The plasma samples were
analyzed for doxazosin content within five days
after blood sample collection.

Analytical Method for Doxazosin in Plasma
Doxazosin content was analyzed using a
vatidated high performance liquid chromato-graphy
{HPLC), modified from published HPLC 2 ysis
methods for plasma  doxazosiv™ ¢, The HPLC
system consisted of a C18 colu | (Hypersil®, 250
x 4 mm, 5 um, {Agilent Technologies, USA)
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Tablel. The demographic data of the volunteers
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Age (years)| Height Weight Body Mass Index
(m) (kg) (kg/m”)
Mean 22.49 1.72 62.58 21.21
SD 0.81 0.05 7.04 1.64
Max 24.4 1.80 77.00 23.88
Min 21.7 1.65 54.00 18.71

with column temperature of 25 °C. The mobile
phase was acctonitrile:10 mM ammonium acetate
(40:60) with a flow rate 1.0 ml/min. Fluorescence
detector was set at Ex wavelength = 246 nm and
Em wavelength = 376 nm Injection volume was 50
ul. The plasma sample was prepared by liquid-
liquid extraction. Briefly, a 250 pl of plasma and 25
pl of 1000 pg/ml diazepam (internal standard) in
acetronitrile were mixed in a microcentrifuge tube.
A 500 pi of acetronitrile was added before vortex-
mixed for 15 minutes, and then the mixture was
centrifuged at 10900 rpm for 15 minutes. The 750
pl of 10 mM ammonium acetate was added, then
the sample was vortex-mixed for 1 nrnnutes. Each
tube was centrifnged at 10900 rpm for 10 minutes.
A portion of 50 pl of the supernatant was injected
into the HPLC column (C18 ODS, Hypersil®, 125 x
4 mm, 5 pm column, Agilent Technologies, USA).
The mobile phase was acetonitrile: 10 M
ammonivm acetate (40:60) at a flow rate of 1.0
ml/min. The f[luorescence detector was set at
excitation wavelength = z nm and emission
wavelength = 376 nm. Validation of the analysis
method e.g. specificity, accuracy, precision, lower
limit of quantification (LLOGQ), lincarity, stability,
extraction recovery, was performed before drug
analysis, Standard curves were performed every
day of analysis.

Data Analysis"*

Plasma concentration - time curves were
plotted.  Pharmacokinetic  parameters  were
determined. Maximum plasma concentration (Cp.c)
which represents the extent of drug approached
blood circulation and time to reach the peak
concentration (T,,.) which represents the rate of
drug approached blood circulation were taken from

. raw data. Area uo - the concentrat i
curve (AUC), with represents the extent of drug
approached blood circulation was determined using
trapezoidal rule. 90% confidence interval was
calculated as follow.

90% confidence interval = A £ty 4, NEMS (2/n)
Where A is a difference in means of log
transformed pharmacokinetic parameters (Cr.e or
AUC) between the test product and the reference,
toao, v 18 the tabulated one-tail t value for a 90 %
confidence interval, vise gree of freedom of

the error mean sgnare obtained from the ANOVA
table, EMS is the error mean square from the
ANOVA table and n is (he number of subjects.
Antilogarithim of the calculated confidence interval
will yield an exact confidence interval for the ratio.
Bioequivatence between the test and reference
products would be stated if 90% confidence interval
of the ratio of the g transform of the
pharmacckinetic parameters, i.e. Cpae and AUC,
were in the range of 0.80 -1.25 (USP28). The
power of the study for AUCg.5, AUC.i0r and
Cuay were 98.0, 91.6 and 95.5 percents,
respeclively.

Results

For the analysis of doxazosin in human
plasina by reversed-phase HPLC with fluorescence
detecter, retention time of doxazosin and diazepam
(internal standard) were about 5.0 and 6.8 minutes
respectively.  Intraday variation an  interday
variation of the analysis method were low with
relative standard deviations (RSD) less than 5 %.
Linear relationship  between response  and
concentrations (F > 0.999) was observed for
doxazosin concentrations ranged from [ to 50
ng/mL. The lower limit of iantification (LLOQ)
was | ng/ml. The methed has been found to be
precise, accurate and suitable for the analysis of
plasma samples from the bicequivalence study of
doxazosin tablets (1 x 4 mg oral dosc of doxazosin).

No side effect was noticed in all volunteers
received either Cazosin® or Cardura® tablets.
Average doxazosin plasma conceniration — time
curves of Cazosin® and Cardura® tablets are shown
in Figure [. Pharmacokinetic parameters, i.e.
AUC, _)lm,AUCO infs Cmao Tmae are collated in
Table 2.

Tmax of volunteers who took Cazosin®
{1.58 + 0.56 hr) was not significantly different
from those who tock Cardura® (1.71 £ 0.81 hr) (p>
0.05, t-test). AUCq1uq were 433.94 + 9725 and
45557 + 109.75 ng.he/ml, and AUC)..p were
47570 + 112.19 and 499.11 + .9.93 ng.hr/mL
for Cazosin® and Cardura ®, respectively. Average
Coe were 40.62 + 1056 ng/mL and 41.53 =
1085 ng/mL for  Cazosin®and  Cardura®,



Thatl Pharmacel; Vel 29: No 2, 2007

respectively. 90 % confidence iterval of the ratio
of AUCq.1e. AUCh0r and Cae betwveen Cazosin®
and Cardura® were 0.878 — 1.041, 0.868 — 1.060
and 0.906 — 1.070 respectively.

Discussion

90 % confidence interval of the ratio of
AUCh e AUCh.is and  Chae bohween
Cazosin®and Cardura® tablets were in the range
of 0.80 to 1.25 as required by USP 28. Therefore,
bicequivalence is able to indicate between
Cazosin® and Cardura® 4 mghablet. The
pharmcokinetics data from this study show that
after oral administration, doxazosin is rapidly and
well approached to the systemic circulation

Doxazosin plasma conc.(ng/mL)
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The peak plasma levels of doxazosin (T
demonstrated within 2 hours which T, of
volunteers who took Cazosin® (1.58 + 0.56 hr)
was not significantly different from those who tock
Cardura® (1.71 % 0.81 hr). The climination half-life
of doxazosin was approximately 10 hours
[Cazosin® (10.34 + 1.41 hr), Cardura® (10.21
1.83hr)]. Both T, and eclimination half-life of
doxazosin obtained from this study were close to
the data previously reported which also studied in
Thai volunteers’.

0 10 20
Time(hr)

30 40

Figure 1 Average doxazosin plasma concentration at various sampling times of all volunteers after taking

1x4 mg/tablet. () Cazosin® ( 0 ) Cardura ® (n=12)

Table 2 Pharmacokinefic parameters of Cazosin® and Cardura® tablets and 90 % confidence interval (n=12)

Pharmacokinetic Cazosin® Cardura® 90 % Confidence
Parameters Interval**
AUGy 500 * (ng.hn/mL) 43304 £97.2% 455.57 +109.75 0.878 — 1.041
AUCq_jn * (ng.hr/mL) 475 © 2y 49911 + 129,93 0.868 — 1.060
Conax * (ng/mlL) 40,62 + 10.56 41.53 £ 10.85 0,906 — 1.070
T (B1) 1.58 + 0.56 1.71 £ 0.81
k, (b 0.07 +0.01 0.07 + 0.01
ty () 1034+ 1,41 1021+ 1.83

* Log (base 10} data transformation

## A range of 0.80 — 1.25 is required by the United States Pharmacopeia (USP28)
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Conclusion

The pharmacokinctic parameters of both
Cazosin® and Cardura®, 1x4 mg/tablet, in 12 Thai
healthy male volunteers were determined, Cpyy of
Cazosin® and Cardura® tablets were 40.62 + 10.56
ng/mL and 41.53 + 10.85 ng/mL, respectively.
AUC. 0 were 433.94 4 97.25 and 455.57 +
10975 ng.hr/ml, respectively. AUCp; were
47570 £ 112.19 and 499.11 + 129.93 ng.hr/imL,
respectively. When statistics were tested as stated in
USP guideline for bioequivalence study, 90%
confidence interval of the log value of ratio of
either Cpa.. AUCp.g or AUCy.ie  between
Cazosin® a1 ardura® tablets were in the range of
0.80 - 1.25.  :refore, it can be concluded that the
Cazosin® and Cardura® tablets used in this study
are bioequivalent,

It should be noted that this finding was
limited only to the lot used in the study. In addition,
this study was designed as a single dose
administration in healthy volunteers, therefore long
term use in patients should be considered regarding
the therapeutic effect.
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and incubated for 24 h before treating with ALA
and/or AFB1. At the end of design: freatment,
cells were washed with PBS, harvested and lysed
by three cycles of freezing and thawing in 10 mM
HCL Cell lysate was precipitated of protein by
0.5% SSA and subsequent centrifugation. The
supernatants were assayed for GSH contents by
spectrophotometric delermination using a micro-
ELISA reader {Bio-Rad Mode]l 680 USA) of the
reduction of DTNB to 5-thio-2-nitrobenzoic acid at
a wavelength of 412 nm and protein concentration
was determined by Bradford protein assay with
BSA as a standard. The data were expressed as
nmol/mg protein.

Measurements of intracellular reactive oxygen
species (ROSi)

The formation of ROSi was measured using a
fluorescent probe, DCFH-DA as described by
Wang et al'. as an inactive marker of intracellular
oxidation. DCFH-DA  was hydrolyzed Dby
intracellular esterases to non-fiuorescent
dichlorodihydrofiuorescin (DCFH), the latter then
reacted with ROSi to form highly fluorescent
product  2'.7'-dichlorofluorescein  (DCF)  which
remained trapped inside the cells and fluorescence
intensity could then be measured. Briefly, HepG2
cells were seeded at 1x10° cells into 24-well plates,
and treated with the indicated compounds (ALA,
AFB1). After 24-h incubation at 37°C in 5% CO,,
cells were incubated with 10 yM DCF DA for
another 30 min in darkness. Cells were collected
using trypsin-EDTA and washed twice with PBS
{pH 7.0), Fluorescence intensity in each cuvette
containing cell suspensions per 3 1l of PBS was
then immediately monitored on a spectrofluoro-
meter (Perkin-Elmer Luminescence Spectrometer
LS 50B) at the excitation wavclength of 485 nm
and the emission wavelength of 535 nm.

a first approximation, the uptake of
DCHF-DA into cells and the subsequently observed
DCF fluorescence intensity are assumed to proceed
via the following mechanisms: (i) DCHF-DA is
readily taken up by cells via passive diffusion
across the plasia membrane, (il) DCHF-DA is then
deacetylated by cellular esterase enzymes to yield
the oxidant sensitive DCHF, and (iii) Subscquent
oxidation of DCHF by ROSi generates the highly
fluorescent DCF. The owerall scheme can be
modeled by the consecutive reactions (1) and (2):

DCHE-DA _fuS1O% o DeHE o ()
F.ster.ue(EO
DCHE+Ros 222 s pep (2)

where k, = &[E]y is the pseudo-first-order rate
constant for reaction () (s7). The mod is
matl atically expressed in equation (3).
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[DCF] =[DCHF-DAL, x (5{ROSil(1-¢Fy - k(1 RROSDyy 1)

F{ROSi)-&,

kIROSi] = the secondary order rate constant for

reaction DCHE + ROS ﬁb DCF

The parameters intervening in  DCF
formation, k. and k,[ROS  can be quantitatively
determined by fitting equation (3) to the
experimental  spectrofluorometric  data.  Consi-
dering the cell culture system, some amounts of
ROS, notably H,0,, were detected in the
extracellular environment or in the medium. In
order (0 localize the interaction of ROSi and DCHF
that occurred only inside of the cells, a quencl
Co™ was used to remove extracellular DCF
fluorescence. In the presence of 20 mM Co™, an
increase in fluorescence intensity was due to an
increase in DCF formation inside the cells.

HepG2 cells (2x10° cells) were colle |
into a cuvelte containing glucose 20 mM, Luckhaff
buffer pH 7.25, and Co®* and centrifiged at 7,000 g
for 1 min. After the exposure to ALA, cells were
loaded with DCHF-DA at a final concentration of
20 mM. Then cells were monitored as function of
time on a Perkin-Elmer spectrofluorometer LS-50B
with excitation and emission wavelengths of 485
and 535 nm respectivcly”.

Apoptosis assay

To measure apoptotic cell death, an
Annexin V-FITC apoptosis, detection kit was used
according to the manufacturer’s otocol to analyze
the extracellular facing piasma  membrane
phosphatidylserine  residues  with the confocal
microscope and the flow cytometer. Briefly, cells
were grown in  2d4-well microtiter plate at
concentration of approximately 5x10 cells/ml.
After treated with ALA for 44 h, cells were
harvested and suspeaded in the provided media
binding reagent with subsequent centrifugation at
7,000 g for 1 min. Flow cytometry for detection of
apoptosis was performed with propidium iodide
(PI) and fluorescein isothiocyanate (FITC) labeled
Annexin V in an Amnexin V-FITC kit. Samples
were washed in cooled PBS at 4°C and centrifuged
at 7,000 g for 1 min. The pellets were resuspended
and adjusted to 1x10° cells/ml with the binding
buffer + the kit. FI 7 labelt ax V(1 ub
and PI (5 ul) were added to the suspension (394 pl).
After incubation for 10 min at room temperature,
the suspensions were analyzed with flow
cytomcterlﬁ.

Data analysis

All data were entered into SPSS 115
statistical software and analyzed using one way
ANOVA. All p values of less than 0.05 were
considered to be statistically significant.
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Results

Effects of ALA on viability of htuman hepatoma
cell line (HepG2)

Since ALA was dissolved in DMSO, the
toxic effect of DMSO on cell viability was
performed in this study and results showed that
percents cell viability were found to be 89.5% and
76% at 0.2% and 0.5% of DMSQ, respectively. The
concentration of DMSO at 0.2% was then chosen to
dissolve ALA in which it provided sufficient
dissolubility of ALA without excessive cell death.
24 h exposure of HepG2 to various cencentrations
of ALA (50-500 uM) rvesulted in a concentration-
dependent decrease of HepG2 cells following the
incubation for 24 hrs. Upon the exposure of HepG2
cells to ALA, significant cell loss was observed
when ALA concentration reached 300 pM both by
MTT assay and flow cylometry. Increasing
concentration of ALA further accelerated the loss
of cell numbers (Figure [). Non-corresponding
degree in declining of HepG2 cell numbers
compared between the MTT assay and flow
cytometry was noticed. At the highest dose of ALA
(500 uM), percents viability of cells determined by
the MTT assay and the flow cylometry were found
to be 85% and 60%, respectively.

Effects of ALA on GSH contents

Results demonstrate  hat cells exposed to
ALA showed a concentration-dependent increase of
GSH contents in which significant increases were
observed at the ALA concentrations of 300-500
uM (Figure 2). At the highest concentration of
ALA, GSH level was increased up to 50%
compared to control. However, the treatment with
10 uM AFBI1 significantly reduced the GSH levels
by 33% in the absence of ALA. Subsequent study
to verify the effect of AL A in combination of AFB1
showed that the presence of 10 uM AFB1 in the
culture media prevented the enhancement of GSH
by ¢/ A (Table 1).

Effects of ALA on ROS generation in HepG2 cell
line
A significant increase of ROSi in HepG2
cells within 30 min following the treatment of ALA
indicated an immediate stimulation of ROSI
generation in HepG2 cells by ALA. Further
exposure of ALA up tn 24 h led (o higher levels of
. showing a ti . mar of ALA-
induced ROSi generation in HepG2 cells (Figure 3).
Treatment of HepG2 cells with  various
concenirations of ALA for 24 h caused a
concenftration-dependent  increase  of  ROSi
generation. When compared to ALA  alone,
additional generation of ROSi was detected when
cells were co-incubated with 10 pM AFB1 (Figure
4}. The combined exposure of HepG2 cells to ALA
and AFB1 clearly demonstrated the synergistic
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effect of these two compounds to generate ROSi.
When the concentration of AFE  was fixed at 10
pM, increasing concentration of ALA showed
greater increase of ROSi when compared to the
effect of either ALA or AFB1 alone. Figure 4
shows that fluorescence intensity  increased
approximately 1.5 folds compared to control
through out the concentration range of 0-500 uM of
ALA. The presence of 10 pM AFB1 in combination
of ALA at various concentrations enhanced the
fAuorescence intensity of HepG2 cells by additional
1.45 folds over the effect of either ALA or AFBI
alone.

The first-order rate constant, & E (K.},
representing the deacetylation by cellular esterase
enzymes to yield the oxidant sensitive DCHF was
found to gradually decrease when ALA
concenirations were increased from 50 pM to 500
uM,  attending  significant  differences  at
concentrations of 300 uM and 500 uM (Figure 5).
The secondary order rate constant for reaction of
DCFH to react with ROS, k[ROSi], was found to
increase at ALA concentrations from 0-500 pM
and reached the lrghest level at 200 pM. In
contrast, at higher concentrations of ALA from
300-500 pM, k[ROSi] started to  decline,
suggesting a slower reactions between DCFH and
ROS at high ALA concentrations (Figure 6).

ALA-induced apoptosis in HepG2 cell line

After treated HepG2 cells with ALA (0-500
HM) for 44 h, the increase of apoptotic cell death
was significant only at 500 uM, indicating that
ALA induced apoptosis in HepG2 ¢ s at a very
high concentration. Etoposide, a positive control,
caused a 2-fold higher increase in apoptotic cell
death than that of 500-uM ALA,

Discussion

In this study we utilized two different techniques,
the MTT and the flow cylomelry assays to
investigate biological activities of ALA in HepG2
cells. While the flow cytometer measures actual
viable cell numbers, the MTT assay relics on the
conversion of ¥ 7 to formazan by mitochondrial
enzymne in living cells as an indicative marker of
cell viability. We observed enormous decrease of
cell viability as determined by flow cylometer
w. 3 cell viability in terms of mit ¢ lrial
activily demonstrated less reduction as compared to
untreated control cells despite the fact that values
from both techniques were found to be significantly
different. Tt is possible that, regardless of the great
reduction of cell number, the overall mitochondrial
activity of the remaining cells were still maintained.

Therefore, either up-regulated mitochondrial en-
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