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ABSTRACT

Cimetidine is a Hreceptor antagonist used in the management ofipepter and other acid hypersecretory
conditions. It was previously thought to have rfeatfon gastric motility. However, other reportsseashown that a
change in the study protocol may affect the absampdf co-administered drugs via an effect thoughbccur by a
decreased rate of gastric emptying. The preserdystherefore seeks to evaluate the effect of Gilinetion
Paracetamol pharmacokinetics when it is adminisddesae hour prior to Paracetamol administration acmmpare
this to the effect produced when Hyoscine bromidech is known to delay gastric emptying is adnb@med prior

to Paracetamol. Sixteen healthy volunteers parditgd in the study which was conducted in two phdeehe first
phase, 1g of Paracetamol was administered oralltheovolunteers and in the second phase, the \edustwere
divided into two groups of eight subjects each tadfirst group was given 400mg of Cimetidine grdllhour prior

to Paracetamol administration while the second growceived 10mg of Hyoscine bromide orally prior to
Paracetamol administration. Plasma concentration Bfaracetamol was determined using a validated
spectrophotometric method. Pharmacokinetic paramsetere calculated using standard non-compartmemiadiel
equations. The study found that delayed administmabf Paracetamol after administration of Cimetidiled to
statistically significant changes (p<0.05) in sorkthe pharmacokinetic parameters especially thsogftion
parameters such as Kaytr, Cmax and Tmax as compared to the control graegeiving Paracetamol alone.
These effects mirror the effects produced whermtiieholinergic agent Hyoscine bromide was adméristl prior

to Paracetamol admnistration. However, the elimioatparameters of Paracetamol were not significaraitered
by Cimetidine.

Keywords. Cimetidine, Gastric emptying, Hyoscine bromide,a&atamol, Pharmacokinetics drug interactions.

INTRODUCTION

Drug interactions are pharmacodynamic, pharmactkiner clinical responses to the administrationaofirug
combination that differs from the known effects thfe individual drugs administered alone. The chhic
consequences of drug interactions may be antaggrasiditive, synergistic, or idiosyncratic, resudf in treatment
failure, increased pharmacologic effect, or toxaations, which may be serious or fatal. Due tof#étce that most
drugs are detoxified by the liver, the most importaf the pharmacokinetic drug interactions involdrig
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metabolism usually entailing the induction or irtidn of the cytochrome P450 (CYP450) enzyme sysidrith is
responsible for oxidative-reductive metabolism. Hwger, it has also been recognized that drug interec
mediated via alterations in drug absorption, distiion and excretion may also be clinically sigrafit.

Cimetidine is an imidazole derivativeHreceptor antagonist that is used primarily to dase gastric acid secretion
in the management of Peptic ulcer and other actsecretory disorders [1]. The drug interactioh€imetidine
have been extensively studied and are well recegdriiz clinical practice due to their significan&everal different
mechanisms have been proposed for Cimetidine-teldtag interactions. These mechanisms include: imaga
hepatic drug metabolism due to inhibition of hepaticrosomal enzymes; reduced hepatic blood flesulteng in
decreased clearance of drugs that are highly a@gtidny the liver; increased potential for myeloswspion when
administered concurrently with other drugs capaifleausing myelosuppression; altered bioavailabiit acid-
labile drugs [2,3,4].

There has been no consensus on the effect of Climeton gastric motility. A survey of existing litgure shows
that most of the studies involving Cimetidine clatnthat the drug has no effect on gastrointestirait (GIT)
motility and hence its effect on the absorptionottier orally co-administered drugs cannot be aitéd to a
possible effect on gastric motility [5,6,7]. Howeyvésarba et al [8] had previously postulated aniteddl
mechanism for Cimetidine- drug interactions, sugggsthat in addition to the above mentioned merag,
Cimetidine can also cause direct relaxation of Giiooth muscle which can in turn reduce the ratgastric
emptying & consequently cause a decrease in absorgte of co-administered drugs. This effect vi@aad to
occur when there was a change in the study protebelre rather than administer the two drugs coectiry,
Cimetidine is administered one hour before Paracgtaadministration. This led to significant changies
Paracetamol pharmacokinetics which resembled tfectebbtained when Paracetamol is given togethéh wi
antimuscarinic agents.

Hyoscine-N-butyl bromide is a peripherally actingtieholinergic agent used as an abdominal-specific
antispasmodic for the treatment of pain and discontfaused by abdominal cramps, menstrual crampsther
spasmodic activity in the digestive system. It iguaternary ammonium compound and a semi-synttetigative

of scopolamine [9]. Antimuscarinic drugs such asopine [10, 11], Propantheline [12, 13] and mepé&ateo
[13,14], have all been shown to reduce gastrictgimg. Gastric emptying is rate limiting in the alpstion of many
orally administered drugs [15, 16, 17, 18]. It bagn shown that negligible absorption of Paracetacmurs in the
stomach, the bulk of an orally administered doséb@én absorbed from the small intestine [19]. Tate of
Paracetamol absorption therefore depends mainthi@nate of gastric emptying [20] and drugs witkiranscarinic
properties such as Propantheline [21], Desmethgtiamnine [22] and Atropine [23] which reduce theerat gastric
emptying have been shown to delay Paracetamol patisor

Paracetamol is an analgesic and antipyretic agéhtnegligible anti-inflammatory properties. Orafcetamol is
rapidly and almost completely absorbed from thetrgagestinal tract primarily in the small intestinwith
negligible absorption occurring in the stomach [28, 26]. The relative bioavailability ranges fr@&8% to 98%
[27]. Peak levels of 10-20 mg/l are achieved withite to 2 hours after the administration of a 16@pdose orally.
Serum concentrations between 10 and 120 mL™* are generally considered to be therapeuticallgotife,
while>150pug mL™ may produce hepatic necrosis [28]. Absorptiomilsienced by the presence of food [29], and
also by the rate of gastric emptying [21]. Paraoefadoes not bind strongly to tissues [30, 31Jappears to be
widely distributed throughout most body fluids eptéat. The apparent volume of distribution of Ratamol is
approximately 0.7 to 1.0 L/kg in children and adu[B82]. A relatively small proportion (10% to 25%f
Paracetamol is bound to plasma proteins [33]. R&mawl is primarily metabolized in the liver angdives 3 main
pathways: conjugation with glucuronide (about 5584 therapeutic dose); conjugation with sulphateo(a 30%);
and oxidation via the cytochrome P450 (CYP450) ereypathway. The oxidative pathway forms a reactive
intermediateN-acetylp-benzoquinone imine (NAPQI), which is detoxified cgnjugation with glutathione to form
inert cysteine and mercapturic acid metaboliteg. [Bie principal CYP450 isoenzyme involved in vigppears to
be CYP2EL. Two additional minor pathways are inediin Paracetamol metabolism: hydroxylation to f@m
hydroxy- Paracetamol and methoxylation to form 3trory- Paracetamol [35]. These catechol metabokies
further conjugated with glucuronide or sulphatee Tucuronide-, sulphate-, and glutathione-derimestabolites
lack biologic activity [36]. The elimination halifé of Paracetamol in healthy adults is approxinya2eto 3 hours in
the usual dosage range [37, 38]. It is about 1.5 twurs in children, and about 1 hour longer innates [31] in
cirrhotic patients [39] and in some ethnic grouips.,(Nigerians, Hong Kong Chinese) [33, 40, 41ppfoximately
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3.5% of Paracetamol is excreted unchanged in tine {4#2]. Slight differences have been seen inie#ily distinct
populations (e.g., Asian, Spanish) [43, 44, 45, 46]

The present study therefore seeks to investigage ofal pharmacokinetics of Paracetamol after itkyee
administration sequel to Cimetidine administratitmpbserve if there will be any changes in Paeanet kinetics
and to compare the observed changes to the varsapooduced by the administration of Paracetamdth &n
anticholinergic agent represented by Hyoscine bademinterpretation of the information obtained froime study
will aid in making an informed decision on the vty of the earlier suggested hypothesis that Gitired may
have an “anticholinergic-like” effect on other cdrainistered drugs if there is a substantial timterival between
the administrations of the two drugs.

MATERIALSAND METHODS

Materials

Paracetamol Reference Tablets (German Pharma Heahi (GPHF) minilab reference); Manufacturing Date
03/2009, Expiry Date: 02/2012, Lot No: MFE262/05D@&ms obtained from the Pharmaceutical Chemistry
Department, University of Jos. Paracetamol 500migiefs (Emzor®; Manufacturing Date: 07/2009, ExpDste:
07/2012, Batch No: 4905J), Cimetidine 400mg tab(&&I International; Manufacturing Date: 08/2010pkty
Date: 07/2013, Batch No: RGI001), and Hyoscine dbbromide 10mg tablets (Manufacturing Date: 03/20
Expiry Date: 05/2015, Batch No: H083) were obtaiffesm a Pharmacy retail outlet in Jos, Nigeria.ftGh
Centrifuge (Nickel Weston-S-mare Electro Ltd Avomas used for centrifugation and UV-Visible Doublean
Spectrophotometer (Shimadzu model 1250, Japan)uaed for the assay. Kymograph + Stimulator (Biosme
model 10550) was used for the invitro motility te&li chemicals used were of analytical grade ahthimed from
the Department of Pharmaceutical Chemistry, Unitiersf Jos. These include: Trichloroacetic acid @l de
Haen, Germany), Sulphamic acid (Riedel de Haenm@ey), Sodium Hydroxide (BDH chemical LTD, Poole
England), Sodium Nitrite (BDH chemical LTD, Poolendtand), Conc. Hydrochloric acid (Sp. Gr. 1.18, BDH
chemical LTD, Poole England).

Subject treatment, sampling time and collection

A total of sixteen (16) healthy, non-smoking hunvafunteers, both male and female weighing betwéearsl 75
kg and between the ages of 18 — 28 years, patitdpa the study with their full consent. Approveds sought and
obtained from the Ethics committee of the Jos Unsitye Teaching Hospital (JUTH) after they reviewtbe study
protocol. The nature, aims, and objectives of tiuely\s was explained to the subjects. All the sulsjagave their
written informed consent to participate.

Subjects were randomly selected and were certiftetbe medically fit, non-alcoholic, non-smokers amdre
instructed to abstain from taking any drugs one tmgumior to the study. After obtaining informed semt from
them, the participants were then divided into t&p groups with eight (8) individuals per group. Tétedy was
conducted in two phases:

In the first phase (Phase I), after an overnight, fa ml of venous blood was taken pre-dose. Eagminer of both
groups was then given Paracetamol (2 x 500 mgtsbdeally alone with 200 ml of water. A 5 ml ofn@us blood
was then collected at 0.00, 0.25, 0.50, 1.00, 20, 4.00 and 6.00 hours respectively. A wadtpetod of Two
(2) weeks was then allowed for all the voluntearbath groups before commencement of the secorgepha

In the second phase (Phase Il), after an overfigtt 5 ml of venous blood was taken pre-dose. EipesN-Butyl
Bromide (10 mg tablet) (Group I) and Cimetidine @4fhg tablet) (Group IlI) was then administered gratl the
volunteers in the two separate groups respectiodiywed one hour later by Paracetamol (2 x 500taigets). The
same procedure as above was then employed in thofebe blood samples.

Sample Pretreatment

All the blood samples taken in both phases werdect®ld into Disodium Edetate treated plastic corwtas,
immediately centrifuged at 3000 rpm for five (5)nuies and the plasma harvested into clean plastitainers,
stoppered and stored at -EDuntil analysis.
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Preparation of Paracetamol Stock solution

100 mg of Paracetamol reference powder was weigheddissolved in about 50 ml of warm distilled watgth
gentle stirring. The solution was then transferired a 100 ml volumetric flask and the volume manbeto mark
with distilled water. This gave a solution of stgém 1mg/ml or 1000 mcg/ ml. From this stock solatiseveral
working dilutions of the standard paracetamol sotutvere prepared to give solutions of strengthl®®, 200, 300
and 500 mcg/ml.

Construction of calibration Curve and itsvalidation

Five (5) test tubes were taken and labeled apgatabyiand 0.9 ml of blank plasma was pippetted @doh of the
test tubes. 0.1 ml each of the working dilutionsstéfndard paracetamol solution prepared above heas used to
spike the blank plasma in the test tubes to gival ftoncentration of paracetamol in plasma cornedipg to 5, 10,
20, 30 and 50mcg/ml. Each concentration above weaped in quadruplicate.

Analytical Procedure:

The concentration of Paracetamol in the plasma kEsnmepared above was then determined using atedide of
the UV spectrophotometric method of Glynn and Kéfdid. A 2ml of 15% trichloroacetic acid was addedthe
1ml of plasma prepared above and vortex mixed. Semeple was then centrifuged at 3000 revolutionsniaute
for 3 minutes. The clear supernatant obtained Wwes tlecanted into another test tube containingdfréM HCI.
Nitrous acid was then generated by addition of @fdodium nitrite solution to the resultant solatidhe content
of the test tube was then allowed to stand for Buteis and 2 ml of Sulphamic acid was then carefadigled to
neutralize the excess Nitrous acid. Finally, 5mlL6# Sodium hydroxide was then added. The absoebahthe
final solution was then taken at 430nm with the @i Shimadzu double beam spectrophotometer againsnk
of drug free plasma treated exactly as above.

The plot of absorption against concentration (Beemberts plot) was obtained from the mean of faplicate
determinations with the aid of Microsoft excel (sien 2007). The regression equation and the cdioela
coefficient for the plot were also obtained.

Validation of the Analytical Method

Accuracy of the method was determined by carrying recovery experiments. Selected concentrationthef
paracetamol reference solution were prepared agsktivere used to spike blank plasma. The samplies thven

analyzed as in the calibration curve and the aleswibs obtained. The corresponding concentraticer® \then
obtained with the aid of the calibration plot ahe fpercentage recoveries calculated. Precisioheofrtethod was
assessed by determining inter and intra-day varatieplicate analysis (n = 5) of calibration stami$ were
conducted at three different concentration leviédlg, times per day on five consecutive days. Tlabitity of the

product formed from the reaction was also evaludtémlar absorptivity, Sandells’ sensitivity, regse&m equations
and standard deviations were similarly determifiéek limits of detection (LOD) and quantitation (LP®ere also
determined.

Sample Assay

The plasma sample collected from the 2 differerdsgls of the study were then analyzed using extwlysame
procedure as described above for the calibratiomecand the absorbance values obtained were ceaviro the
corresponding concentrations with the aid of tlggassion equation obtained from the calibratiorveur

Data Handling and Analysis

Pharmacokinetic Analysis

The concentration values obtained for the diffesamtiple were then used to plot plasma concentrétion curves
for the different individuals on a semi-logarithmapgh sheet. Different pharmacokinetic parametersevieen
determined for individual subjects in both phassisgithe non-compartmental model. The maximum péadmg
concentration (Cmax) attained and the correspontiiing (Tmax) to achieve this were measured direfctyn the

paracetamol plasma-concentration time plot. Thea areder the curve (AUC) from time O to 6 hours was

determined using the Linear trapezoidal rule wittragolation to time infinity (AUG..) by Ct/Kel. The elimination
rate constant (Kel) was determined from the sldpth@terminal elimination part of the plasma cartcation time
plot and elimination half life (L) was obtained from the equationpfi = 0.693/Kel. The absorption rate constant
(Ka) was determined using the residual method whje was obtained from the equatiompt = 0.693/Ka. The
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Clearance was calculated as FDose/glJ@hile Volume of distribution (Vd) was obtained fro@i/Kel. The
pharmacokinetic parameters are presented as meamdard deviation.

Statistical Analysis

Statistical analysis of the data obtained was edrout using the students t-test to establish éfehwere any
significant differences in paracetamol absorptidnetics when it is given alone as compared to amlay
administration (one hour) after administration ofodcine-N-Butyl Bromide and Cimetidine. This wasdausing
Graph pad Prism 5 for Windows statistical softwgfe0.05 was considered statistically significaRtgsults are
reported as Mean + Standard Deviation unless oikerstated.

Prior to the study, quality control tests (i.e.ntiication tests, disintegration and dissolutiatertests and assay for
content of active ingredient) were carried out loe €Cimetidine, Paracetamol and Hyoscine-N-Butyhtide tablets
to be used in the study, using their official Phacopeia methods [48] in order to authenticatedbkets.

Invitro Testson I solated Rabbit Jggunum

A mature adult rabbit was sacrificed humanely.altslomen was then dissected and a portion of thaiye) was
obtained. This was then mounted in 0.9% Sodium @do(Physiological Saline) solution in an orgarnhbaf a
kymograph. The speed of the instrument was themtséd mm/sec. Normal contractions of the tissueeviken
recorded for some seconds to serve as a baseli@ebml volume of a 0.1mg/ml aqueous solution of &idline
was then infused into the organ bath and its effecthe tissue motility was then recorded. The badls then
emptied of its contents and fresh saline was useithse the tissue severally to wash out the edting.

Several dilutions of the drugs under investigatioere then prepared and the effects of these sokitom the
motility of isolated rabbit jejunum were also ewatied with the aid of the kymograph in the ordenvanbelow:

i. Cimetidine 2mg/ml and 0.02mg/ml

ii. Hyoscine-N-Butyl bromide 0.1mg/ml, 0.2mg/ml andZntyy/ml

iii. Acetylcholine 0.002mcg/ml

iv. Acetylcholine + Cimetidine

V. Acetylcholine + Hyoscine-N-butyl bromide

Table 1: Extraction Recovery

S/No.  Spiked Conc. (ug/ml)  Conc. Obtained (ug/ml) % Reepv % RSD
. 5

1 4.77 +£0.23 954 4.82
2. 10 9.26 +0.44 92.6 4.75
3. 20 19.41 +0.57 97.0 2.94
4 30 29.32£0.69 97.73 2.35
5 50 49.45+1.78 98.9 3.59

Average 96.34 3.69

Table 2: Quantitative parametersfor the analytical method.

S/n Parameter Observation

1. Linearity range (mcg/ml) 10-50

2. Recovery(%) 96.34Y
Precision

3. i Inter-day variation  1.13-1.43%
ii. Intra-day variation  0.85-1.37 %

4.  Limit of detection (mcg/ml) 0.26

5.  Limit of quantitation (mcg/ml) 0.86

6.  Molar absorbtivity (Lmotcm®)  2.273 x 16

7.  Sandells sensitivity (mcg/én  0.115 x 1d

8.  Correlation coefficient {y 0.996

9.  Stability (hours) 6

RESULTS

Data for the recovery experiments conducted areemted in Tables 1. The results of the method atidid and
optimization studies are presented in Table 2. gtermacokinetic profile of paracetamol when adnéméd alone
and when administered an hour after Hyoscine breraitt Cimetidine respectively are presented in€rdbvhile
Table 4 shows the pharmacokinetic parameters éothtee different groups studied. Figure 1 showsctlibration
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curve for Paracetamol in plasma while Figure 2 shttve mean plasma concentration time profiles cfigetamol
tablet after a single oral dose (1gram) and whenigidtered an hour after hyoscine bromide and Gafimet.

Table 3: Six hour mean plasma concentration sampling

Time (hours)

Mean plasma concentration SD (mcg/ml)

Paracetamol aloi  Paiacetamol + Hyoscine Bromi  Paracetamol + Cimetidi

0 0 0 0

0.25 6.40 +0.26 0 2.79+0.14
0.5C 13.5+£0.3! 3.06+0.2 5.89+0.1
1.00 19.5+£0.25 6.89+0.15 8.67 £ 0.09
2.00 11.64 +0.22 10.15+1.00 10.9+0.12
3.0C 557+0.3 6.61 = 0.0! 6.28+£0.1C
4.00 4.32+0.29 5.73+0.46 5.08 £0.41
6.00 2.60+0.24 3.86 + 0.09 3.1 +0.09

Table 4: Pharmacokinetic Parameter s of Paracetamol after oral administration (1gram) when administered alone and upon delayed
administration (one hour) after administration of Hyoscine Bromide and Cimetidine

S/N  Pharmacokinetic Parameter  Paracetamol Alone acBtmol + Hyoscine Bromide  Paracetamol + Cimegidin

1. Lagtime (hr 0.22 +£0.00 0.49 £ 0.01* 0.29 £0.01*

2. Ka (h) 11.84+2.86 3.55+0.193* 4.22 +0.44*
3. tpa(hr) 0.0693 + 0.019 0.196 + 0.011* 0.17 +£0.019*
4. Tmax (hr 1 2 2

5. Cmax (mcg/ml) 20.12+241 10.15 + 1.00* 10.90.¥2*

6.  AUCqs(mcg.hr/ml 48.09+ 2.7 35.50 + 0.9* 36.55 +1.6*

7. AUGC.int(mcg.hr/ml) 52.63 +3.13 44.82 +1.06* 42.37 + .98
8. Ke (hr?) 0.595 £ 0.094 0.417 £ 0.024* 0.534 +0.024
9. tpP(hr) 1.19+0.20 1.67 + 0.098* 1.29 +0.062
10.  Cl(ml/hr) 17.18 £1.04 20.09 + 0.48 21.29 @5l.
11.  vd (ml) 0.48 + 0.096 0.81 + 0.106* 0.62 +0.072

Mean = SD (n = 16 for group | and n = 8 for groupand I1I; P*<0.05 compared to control; AUC, Areander the plasma concentration time
curve; Cmax, peak concentration; Tmax, time toiattaaximum concentration; 48, elimination half life; Kel, elimination rate cotast; Cl,
clearance; Vd, volume of distribution; Ka, absogptirate constant; ka, absorption half life
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Figure 1: Calibration curvefor paracetamol in plasma

877
www.scholarsresearchlibrary.com



UkpeAjima et al Der Pharma Chemica, 2012, 4 (3):872-881

25 4
20 -
—4—PCMalone
15 A == PCIV + Hyoscine
Plasma bromide
conc (mcg/ml) PCM + Cimetidine
10 H
5 A \
0 ' T T T 1

2 4

Time (hours)

=]
co

Figure2: Plasma concentration-time profile of oral Paracetamol (1000 mg) in human volunteer s when administered alone and upon
delayed administration (one hour) after administration of Hyoscine Bromide and Cimetidine.

DISCUSSION

The calibration curve was found to be linear ove® toncentration range of 10-50mcg/ml with a catreh
coefficient (f) of 0.996. Mean percentage recovery of Paracetdrooi plasma was found to be 96.34% with %
RSD of 3.69%. Considering these and the other atitid parameters displayed on table 2, it can bsomably
concluded that the adapted spectrophotometric rdethaherefore suitable and adequate for the coatipar
pharmacokinetics and drug interaction study coretlict

The Lag time for the group on Paracetamol alone foasd to be 0.22 + 0.009 hours and this valuenislose
agreement with previously reported values [49], wiported a lag time of 0.23 hours. On the othedh¢éhe Lag
time for paracetamol for the groups taking Hyosdinemide and Cimetidine increased significantlyhwitilues of
0.49 + 0.018 and 0.29 £ 0.011 hours respectivehese increments are statistically significant (B5. The lag
time is the time interval between when the drugdministered and when it first appears in blood fandn orally
administered drug, it is indicative of how fast ttheig is absorbed from the GIT. Since Hyoscine lidenis an
anticholinergic agent, this delay in lag time ipested as the drug is able to delay gastric empwjia its blockade
of muscarinic receptors in the GIT smooth musdheseby slowing the movement of Paracetamol fronstbmach
to the small intestine which is the principal siteits absorption. Also, the lag time increased tfog group on
Cimetidine and this is a confirmation of the progbdypothesis that delayed administration of Paaacel one
hour after Cimetidine administration will lead thamges in the absorption kinetics of paracetamaah thus be
deduced that Cimetidine may have some “anti-chgiicdike” effect on the GIT smooth muscle. It isrfinent to
note here that when Cimetidine is administered emeatly with Paracetamol this effect is not obgery7] but is
only observed when there is about one hour intdrelveen when the two drugs are administered. g be
attributed to the fact that the peak plasma comagah of Cimetidine, which is the time when itsapimacological
properties are expected to be fully manifesteduscat about one hour after it is administered thigl coincides
with the time when this effect is observed.

The absorption rate constant (Ka) was found to fde@eased significantly (P<0.05) for the Hyosdimemide
group and the Cimetidine group (3.55 + 0.193 ax? 4 0.44 hr-1 respectively) as compared to therobgroup
that received paracetamol alone (11.84 + 2.86 lshibyving that the test drugs slowed down the rhpamcetamol
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absorption from the gastrointestinal tract. Al$us fpattern is mirrored by the values obtainedlierabsorption half
life (t1,0) which increased significantly for the two tesbgps as compared to the control also showing keatitne
taken for the half of the drug initially presentlte absorbed was significantly increased by botbddine bromide
and Cimetidine. Paracetamol is weakly acidic (pk& @nd it is mainly absorbed from the small iritesprobably
due to the large surface area presented for alisorptieading et al [19] had previously shown thatgeetamol
absorption is directly dependent on the rate ofrirasmptying, as this will influence the rate @lidery of the drug
to the small intestine which is the principal sifats absorption as previously stated. There #nerdfactors such as
the presence of food, volume, composition, tonjdigynperature and pH of the stomach contents {b@f,can also
influence the rate of gastric emptying but sincesthother factors were kept relatively constartait be deduced
that the delay in the absorption of paracetamohugelayed administration with Cimetidine is dirgcktributable
to the effect of the Cimetidine in slowing down tla¢e of gastric emptying.

The maximum plasma concentration (Cmax) attaineddgcetamol alone (20.12 + 2.41 mcg/ml) was fouanide
in agreement with published values in literaturéchtstated a range of 10-20mcg/ml [51]. Howevee, @max for
paracetamol was significantly reduced in both tlyeddine bromide and Cimetidine groups (10.15 + 0@ 10.90
+ 0.12 respectively). This shows that the two drugse able to significantly decrease the exterpaficetamol
absorption. This effect can again be linked to ahé&cholinergic action of Hyoscine bromide, as Giibtility is
principally controlled by the parasympathetic nervcsystem which serves to promote increased nyotiid
inhibition of its activity as can be mediated bytiemolinergics will lead to a slowing of GIT motii with the
attendant effects on the movement of the other dfiogm the stomach to the small intestine wherargelr
percentage of drug absorption takes place. Cinmgtidias also found to produce a similar action agldan once
again be attributed to its postulated effect iméhgy down gastric emptying. This finding is alsocliese agreement
with the previously published study by Garba e{5&] who reported an almost 50% decrease in thexCofa
Paracetamol from 30.8 + 1.4 mcg/ml to 16.02 + 0cghml, when Cimetidine was administered one hoiorgo
paracetamol administration.

Another pointer to validate this action of Cimetidiin delaying gastric emptying is the fact thahefidine is a
known inhibitor of CYP2E1 isoenzyme while Paracethis a substrate for the same isoform, hence vleewpect
an increase in plasma levels of paracetamol ugoadministration with Cimetidine if the interactioocurring in
this group was due to enzyme inhibition but the agife effect was observed with a large decreasgldsma
paracetamol concentration upon delayed administratith cimetidine showing that the cimetidine attyireduces
paracetamol absorption probably via delayed gastriptying.

Furthermore, Tmax which indicates the rate of gitsmm of the paracetamol was increased signifigaindm one
hour for the control group to about two hours fothbthe Hyoscine bromide and Cimetidine group shgwthat
both drugs were able to decrease both the ratecgtmiht of paracetamol absorption in a statisticalfnificant
manner (P<0.05). All the values of tmax above hawestill fall within the previously reported rangél — 2 hours
[51].

The value of area under the curve from time zermfioity (AUC,.,) which is indicative of the overall extent of
paracetamol absorption/ bioavailability decreasgdificantly (P<0.05) in both the groups that reesl Hyoscine
bromide (44.82 £ 1.06) and Cimetidine (42.37 8} rior to paracetamol as compared to the cogtmlip which
received only paracetamol (52.63 + 3.13). This emgected for the Hyoscine bromide due to its aotiokrgic
effect which will delay gastric emptying and slowwveh the absorption of the paracetamol which takesep
predominantly in the small intestine. A similarexff was observed with Cimetidine upon the delaykdimistration
of Paracetamol and this is in tandem with the eanentioned changes in the absorption paramelbes.area
under the curve from time zero to six hours (AldCalso showed a similar pattern as above.

The elimination half life ¢,8) was found to be 1.19 + 0.20 for the group on &&teamol alone as against 1.67 +
0.098 and 1.29 + 0.062 for the groups also recgitdgoscine bromide and Cimetidine respectivelyisfarameter
showed a statistically significant difference (PB&). when comparing the Paracetamol group with tgeskine
bromide group but comparing the paracetamol groitip tve Cimetidine group, there was no significelnange in
the elimination half life of Paracetamol. Howeveéf the values obtained above are still within thevjously
reported ranges for this parameter in normal imtligls which is between 1-4 hours [51,53]. The elation rate
constants (Kel) of paracetamol for the three déffergroups also fall within documented values.
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The Clearance (Cl) value for the Paracetamol afgnoeip was obtained as 17.18 + 1.04 ml/hr while fbatthe
Hyoscine bromide group and the Cimetidine groupen28.09 + 0.48 and 21.29 + 1.05, these valuesaklWithin
the range reported by Perucca and Richens [S4ar@bee is a parameter that represents the drugnation from
the body and it encompasses both renal clearante ofrug and hepatic clearance (metabolism).

From the foregoing, it can therefore be inferredt thoth Hyoscine bromide and Cimetidine in the gtddl not
produce any changes in the elimination kineticparficetamol. This is not surprising since the sta@dysingle dose
study, it is not expected that any changes in thtabolism and excretion of paracetamol would haentproduced
by the test drugs.

The volume of distribution (Vd) which is a measwfethe drugs distribution was significantly incredsfrom a
value of 0.48 = 0.096 for the group on paracetaaiohe to 0.81 + 0.106 and 0.62 = 0.072 for the gsoan
Hyoscine bromide and Cimetidine respectively. Thatsnges were statistically significant at P<0.06fall within

the range of 0.69 — 1.36 L/Kg as reported by Vozieal and Forrest et al, [53, 55] except for thoatthe group on
paracetamol alone which was slightly below thisgearThis can be explained on the basis of the wadmbility in

the elimination of Paracetamol in certain ethnigugrings of which Nigerians have been found to lotusive [40].

The pharmacokinetic sampling times were from preedio six hours post dose. It is believed thatvlas sufficient
to give a true reflection of the passage of thegdhrough the body since the half life of paraceitin healthy
human volunteers is about 2 hours and the minimamp$ng duration acceptable for pharmacokinetidiss is
three (3) times the half life of the drug and thiss adapted in the study.

The results of the in vitro tests carried out anaged rabbit jejunum also showed that the vargiogcentrations of
Hyoscine bromide tested on the tissue were abldetmease the motility of the tissue as seen byddweased
frequency and amplitude of contractions. The drag @aiso able to inhibit Acetylcholine induced irases in tissue
contraction. These effects are expected as thedih@bromide by virtue of its anticholinergic effegould block
the muscarinic receptors on the tissue and pref&eeatylcholine from stimulating them and since GIDtitity is
principally under the control of the parasympathetystem, interference with its functioning willrizenly lead to
the observed effect. On the other hand, the varmmmgentrations of Cimetidine tested were abledorebse the
motility of the isolated tissue but not to the saex¢éent as was observed with Hyoscine bromide. Giime was
however not able to significantly inhibit Acetyldiree induced increases in motility of the tissuecampared to the
inhibition of Ach induced increases in tissue nitias seen with Hyoscine bromide. It can thus bduded that
though Cimetidine may have some effect in slowingya the motility of intestinal smooth muscles, taffect may
not necessarily be mediated via interference vhighaholinergic system but via some other mechanism.

CONCLUSION

It can therefore be concluded that delayed admatish of Paracetamol one hour after Cimetidine iatstration is
capable of significantly reducing the rate and mixief paracetamol absorption in a manner similathi effect
produced by anticholinergics which are known toucsl the rate and extent of paracetamol absorptian
reductions in gastric emptying time. However, sitite cimetidine was unable to effectively prevesegylcholine
induced increases in motility of the isolated ralgjunum, it cannot be conclusively establisheat its action in
slowing GI motility and gastric emptying is medidtiarough a direct action on Muscarinic receptors.
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