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Abstract: Problem statement: Quercetin-a common bioflavonoid, is present in hegireparations
consumed by diabetic patients along with routinéi-diabetic agents. We recently showed that
quercetin increases the bioavailability of piogldae in non-diabetic rats. Thus, present study
investigated whether this pharmacokinetic interatts also evident in diabetic animals, especially
because diabetic subjects have altered Gastrdamaés{Gl) function and CYP3A activity.
Approach: The study was carried out in alloxan-induced (4Pkg*, i.v.) diabetic rats. After 2 weeks
of diabetes induction, rats were treated for 2 weskh quercetin (10 mg k§ p.o.) or vehicle (5%
methyl cellulose, 10 mL K{). At the end of 4 weeks, these rats were useavistigate: (1) Gl function

in terms of gastric emptying and intestinal tran$isemisolid barium sulphate meal; (2) CYP3A atstiv

in liver and intestinal microsomes by erythromyiirdemethylase assay; (3) plasma levels of oraltly an
intravenously administered pioglitazone (10 mg'kg.o.; 5 mg k@, i.v.). Results: The results revealed
that diabetic rats exhibited: (1) delayed gastrigplying and intestinal transit; (2) decreased CYP3A
activity and (3) a significant increase in the axat intravenous AUE, of pioglitazone as compared
to non-diabetic rats. Quercetin treatment preverter diabetes-induced Gl dysfunction, whereas
diabetes-induced decrease in CYP3A activity andeemed bioavailability of pioglitazone remained
unaffected.Conclusion: The results suggested that quercetin attenuatedy&lnction but did not
affect the bioavailability of pioglitazone in digerats contrary to the increase reported in non-
diabetic rats. However, the safety of co-joint wequercetin containing herbs and pioglitazone in
clinical practice requires further pharmacokinstibstantiation.
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INTRODUCTION and increases its bioavailabilty However, the

) CYP3A content and its activity in liver and intesti

_Several herbal preparations are often used by th@ssyes are low in diabetic conditith Moreover, type
diabetic patients along with the routine antidiabet 5 yiapetes mellitus is associated with polymorphém

agents with an intention to produce be%%r glycemicoypgadil. |n addition, diabetic subjects often exhibit
control and to reduce diabetic complications Such o ety of Gastrointestinal (GI) dysfunctions suab

herbal preparations often contain bioflavonoid thee delayed gastric emptying and intestinal trati.

antioxidant in nature and thus help to eliminate . : :
o I Under these circumstances, the drug-drug intenactio
hyperglycemia-induced oxidative stress Some of the . o . .
between quercetin and pioglitazone evident in non-

?:lgl;l%\f_r;mddggi rg?org({jpz%olnf;;bg;;?;ﬁggtw;tr)@ 0 diabetic condition cannot be straightway extrapamlab

incidentally this class of enzymes is responsie f diabetic condition. , _ _
metabolizing pioglitazone and nateglinide, the mfte Hence, the present study investigated: (1) the
used oral antidiabetic agefit8. functional status of GIT; (2) the CYP3A activity in

Recently, we have shown that quercetin-aintestinal and liver tissues and (3) the pharmaustds
bioflavonoid, decreases the metabolism of pioghitez ~ of pioglitazone in alloxan-induced diabetic ratsated
by inhibiting the CYP3A activity in non-diabetictsa  with vehicle or quercetin.
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MATERIALSAND METHODS Weight matehed control rats
— I— }r‘i}::g =|' Non-diabetic control group

Animals. Subjects were young, healthy adult male
Sprague-Dawley rats (250-270 g), purchased from “*<*
National Institute of Nutrition, Hyderabad (AP),dia. Diabeticrats
Rats were housed in groups of 3-4 per cage in apaqu Vebicle Disbetic control group
polypropylene cages and maintained at 25+2°C with Feeks Fecks
12:12 h light/dark cycle (07:00-19.00 h) with roten | oo Quereetn
chow (Trimurti Feeds, Nagpur, MS, India) and water e T

ad libitum. All the experimental procedures were

approved by Institutional Animal Ethics Committee Fig. 1: Study desian: At the end of 4 weeks 3-4
(Proposal no. 11 dated 27-07-2007) and according to - animgls eac% from a group were used for oral
the guidelines issued by Committee for the Purpise and intravenous Pharmacokinetic (PK) studies

E:/lpr!trtol ar]ldESulperwsm? ond E;(pen[[nergs on Anlmtalsf, and estimation of hepatic and intestinal CYP3A
nistry ot =nvironment and Forests, overnment o activity. The animals used for oral PK studies

India, New Delhi, India. were employed for Gl function studies.

Drugs: Alloxan monohydrate was purchased from  The dose of alloxan was selected on the basis of
Sigma-Aldrich (St. Louis, MO, USA). L-Histidine, previous repolt”. The dose of quercetin was selected
NADPH, Tris HCl were purchased from SISCO from previous reports and our preliminary studies i
Research Laboratories Pvt. Ltd. (Mumbai, India).sych a way that treatment of diabetic rats for foaeks
Pioglitazone, rosiglitazone maleate and erythromyci gid not cause reversion of diabét®¥!. The duration of
were gifted by Wockhardt Research Center,gjgpetes required for precipitation of gastroparegis

Chikhalthana, ~Aurangabad, India. HPLC gradeselected on the basis of previous réffdriand our
acetonitrile, methanol and all other chemicals ® A previous observations (unpublished data).

grade were purchased from RANKEM (Ranbaxy Fine

Chemicals Ltd., New Delhi, India). Double distilled ¢imation of blood glucose levels: Blood glucose
water was filtered through 0.45 um, 47 mm membrangayels were measured by GOD-POD method using
filter (Ultipore®Nes” Nylon 6,6; PALL Life Science, commercially available glucometer (Ascensia Enfrust
Pall Pharmalab Filtration Pvt. Ltd., Mumbai, India) Bayer Healthcare LLC, USA) and expressed in mg
using Millipore 47 mm all glass filter apparatusdan g -1 The rats showing fasting blood glucose levels
vacuum pump  (Milford, MA, USA) and used e than 250 mg dt after two days of alloxan
throughout the experiments. administration were retained in the diabetic group.

Experimental design and animal model: Rats were Assessment of CYP3A activity in liver and intestinal
divided randomly into three body weight-matchedmijcrosomes: The influence of various treatments on
groups (n = 12). One group was non-diabetic controthe CYP3A activity in liver and intestinal microsem
group and was administered saline (1 mC*k@v.);  was studied using the method of erythromycin N
diabetes was induced in others by administeriraxali  demethylase assay. In brief, at the end of fourkaee
(40 mg kg, i.v.) dissolved in cold saline (1 mL Ky  overnight fasted rats were euthanized by pentotzar®i
Induction of diabetes was checked 48 h after iijaadf  overdose and the livers were perfused with 0.1 M
alloxan by glucometer. Two weeks after the inducttdé ~ Phosphate Buffered Saline (PBS) and isolated. In
diabetes, diabetic rats were treated for further weeks addition, a piece of intestine ~25 cm) was isolaad
orally with vehicle (5% methylcellulose, 10 mL kg cleaned with PBS. The intestinal and liver microssm
diabetic control group) or with quercetin at a ylalbse  were prepared by methods reported by us e8tlier

of (10 mg kg% quercetin treated group). At the end of ~ The mixture of microsomal suspension (0.1 mL,
4 weeks, 3-4 animals each from a group were used f@5%), erythromycin (0.1 mL, 10 mM) and potassium
oral and intravenous pharmacokinetic studies anghosphate (0.6 ml, 100 mM, pH 7.4) was incubated at
estimation of hepatic and intestinal CYP3A activity 37°C. The reaction was initiated by adding NADPH
The animals used for oral pharmacokinetic studiesew (0.1 mL, 10 mM) and terminated after 10 min, by
later employed for Gl function studies. The studyadding ice-cold trichloroacetic acid solution (Ori,
design is represented schematically in Fig. 1. 12.5% wi/v). The mixture was centrifuged (289) to
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remove proteins. 1.0 mL of NASH reagent (2 M pioglitazone (n = 3-4 each). The intravenous dosse
ammonium acetate, 0.05 M glacial acetic acid, WD2 administered as a bolus via the saphenous veirthend
acetylacetone) was mixed with 1.0 ml of supernatanbral doses by oral gavage. Pioglitazone was adtereis
and heated in a water bath at 50°C for 30 min. rAfteas a solution in a vehicle composed of 0.1 Mcacgid
cooling the absorbance was measured at 412 nm. The dose volume of 10 mL kgfor oral administration and
activity was calculated from standards (1-10M in (30% propylene glycol+3% DMSO) mixture at a dose
formaldehyde) prepared by substituting sample withvolume of 2 mL kg for intravenous studies. Blood
standard solution, which were run in parallel. &l samples (0.3 mL) were withdrawn through tail veomi
samples were run in duplicate. The CYP3A activigsw unrestrained animaf¥ and collected in heparinized
expressed as nM of formaldehyde obtained petubes at 0.5, 1, 2, 4, 8 and 24 h after oral adsmation
milligram of protein per min. and 0.083, 0.5, 1, 2, 8, 12 and 18 h after intrausn
administration of pioglitazone. Plasma was prepared
Assessment of gastric emptying and intestinal immediately by centrifugation and stored at -20%@ilu
transit: Gastric emptying of a non-nutrient semi-solid samples were analyzed.
meal was assessed by previously reported méthdd Pioglitazone concentration was determined as
brief, at the end of four weeks and overnight fagtia  reported by us earli€k In brief, to 100.QuL of plasma
suspension of 7.5 g barium sulphate in 10 ml wats  sample, 50.QL of rosiglitazone (12.5 mg in methanol)
given orally to rats in a volume of 2 mL/100 g body solution as internal standard and 1001 of
weight. After 30 min, rats were euthanized by acetonitrile were added to precipitate the proteiri®e
pentobarbitone overdose. The abdomen was cut op@nixture was vortex mixed for 5 min after which iasv
and esophageal and pyloric ends of stomach wergentrifuged at 10,00@ for 10 min and 20.QL of the
clamped with a string to prevent any leakage of itssupernatant was injected onto the HPLC system for
residual content. The stomach was weighed alonly witanalysis. The UV detector was set at 269 nm. C})8 (2
its contents and then incised, the contents remaved column (4.6250 mm, 100°A) Luna, PHENOMENEX,
stomach weighed again. The gastric barium sulphatgyga was set at 30°C. The flow rate was 1.2 mL Tin
content was calculated from the weight differencegnd the  mobile phase consisted of 25.0 mM
between the filled and empty stomach and the amourghosphate buffer (pH 3.0), acetonitrile and methamo
of BaSQ suspension administered was determined by ratio of 70:25:5 (v/viv). The method was lineaeo

weighing the dose (syringe) before administratibime 0.3-20ug mL™ plasma pioglitazone concentration.
percent gastric emptying rate was calculated by the

following formula: Phar macokinetic analysis: Plasma concentration-time
curve for pioglitazone was plotted and the
o GE = V1=W2_ L oc pharmacokinetic parameters were calculated usimg no
w1l compartmental pharmacokinetic model of
WINNONLIN® (Version 1.5, SCI software, Statistical
Where: Consulting, Inc., Apex, NC, USA).
% GE = Percent Gastric Emptying
W1 = Wtof BaSQsuspension administered Statistical analysis. Wherever required the data is
W2 = Wt of StomaCh before Washing-Wt of Stomachana|yzed by using One_way ANOVA followed by
after washing Newman-Keuls test for multiple comparisons. p<0.05

. ) ) was considered statistically significant.
Intestinal transit was determined as the percentag

of movement of barium sulphate in the intestine in RESULTS

relation to the whole length of the gut as deteediby

visual inspection of the test meal passage inftestine.  Induction of diabetes. Single intravenous dose of
alloxan (40 mg kg) was sufficient to induce diabetes

Phar macokinetic and bioavailability studies in rats: in the rats and the blood glucose levels were aloge

At the end of four weeks, rats were fasted ovetrdgi  threshold (250 mg dE) in all the animals during four

were fed 4 h after dosing pioglitazone orally. Forweeks. The mortality due to diabetes was about 20%.

intravenous studies animals were not fasted. Th&he blood glucose levels were checked weekly to

animals had free access to water during all thesensure maintenance of diabetic state. The initral a

studies. Each rat was given either a single intraue  final blood glucose values along with body weights,

dose (5 mg kg) or oral dose (10 mg kb of  water intake and urine output are shown in Table 1.
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Table 1: General features of experimental rats

Groups
Sr. No.  Parameter Vehicle control Diabetes Diabet€siercetin  One-way ANOVA statistics
1 Initial blood glucose (mg dE) 90.80+11.1 401.30484. 1%+ 429.4+73.8 F (2, 33)60.4, p<0.0001
2 Final blood glucose (mg dt) 85.30+10.3 386.50+43. 2%+ 382.6456.6 F (2, 24)70.6, p<0.0001
3 Terminal body weight (g) 260.50+8.9 191.30£15%9* 203.31£16.3 F (2, 28) = 78.18, p<0.0001
4 Food intake (g ratday™) 7.16+1.33 9.44+0.88*** 9.8+1.47 F (2, 28) = 13,$40.0001
5 Water intake (mt raf* day™) 29.5045.3 50.50£6.2*** 47.6+7.10 F (2, 28) = 38,4<0.0001

All values are mean * SD (n = 8-12). ***: p<0.005% Vehicle treated control group (One-way ANOVA daled by Newman-Keuls test)
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Fig. 2: Effect of quercetin on diabetes-inducedncjes
in intestinal microsomal CYP3A activity. A
the end of four weeks, overnight fasted rats
were euthanized by pentobarbitone overdose; a
piece of intestine (~25 cm) was isolated and

t Fig. 3: Effect of quercetin on diabetes-inducedngjes
in liver microsomal CYP3A activity. At the end
of four weeks, overnight fasted rats were
euthanized by pentobarbitone overdose and the
: : livers were perfused with 0.1 M Phosphate
washed with PBS and microsomes were _ o
prepared, which were used to determine the Bgffered Saline  (PBS); |_solated and the
CYP3A activity by Erythromycin  N- microsomes prepared, \_Nr_nch were used_to
demethylase assay run in duplicate. Each bar determine the CYP3A activity by _Erythromycm
represents mean + SEM of 6-8 observations. N-demethylase assay run in duplicate. Each bar
*+ p<0.001 Vs non-diabetic control group represents mean + SEM of 6-8 observations.

(Neuman-Keuls post hoc test) ***: p<0.001 Vs non-diabetic control group
(Neuman-Keuls post hoc test)

CYP3A activity studies: Figure 2 and 3 exhibits the
extent of erythromycin N-demethylation due to CYP3Areveals a significant influence of all treatmentsgastric
activity in intestinal and liver microsomes. Oneywa emptying [F (2, 9) = 16.94, p = 0.0009] and inteski
ANOVA revealed that all the treatments had atransit [F (2, 9) = 5.635, p = 0.0259]. Four weeis
significant influence on the CYP3A activity in both diabetes significantly reduced the gastric emptying
intestine [F (2, 19) = 52.74, p<0.0001] and liver (p<0.01) and intestinal transit (p<0.05). Quercetin
microsomes [F (2, 21) = 155.6, p<0.0001]. The post administered two weeks after the induction of diabe
analysis further reveals that the CYP3A activity inrestored the diabetes-induced changes in gastric
intestinal and liver microsomes of diabetic animass ~ €mptying (p<0.01) and intestinal transit (p<0.08) t
significantly reduced (p<0.001) as compared to nonhormal levels.
diabetic control animals. Further, two weeks ofrgatn
(10 mg kg") treatment had no influence (p>0.05) onPharmacokinetic studies The mean plasma
diabetes-induced changes in CYP3A activity. concentration-time profiles of pioglitazone aftes oral
and intravenous administration at a dose of 105an)
Gastrointestinal functional studies: Figure 4 and 5 kg™ respectively, to non-diabetic rats, vehicle trdate
shows the diabetes-induced changes on gastric amgpty diabetic rats and quercetin treated diabetic rats a
and intestinal transit along with the influence ofshown in Fig. 6 and 7 and some relevant
quercetin treatment on the same. One-wayO¥A pharmacokinetic parameters are shown in Table Band
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Fig. 4: Effect of quercetin on diabetes-inducedngfes  Fig. 6: The mean plasma concentration-time profifes
in gastric emptying. At the end of protocol, pioglitazone after its oral administration to non-
overnight fasted rats were given a test meal diabetic, diabetic and quercetin treated group.
consisting of a suspension of 7.5 g barium At the end of the experiment, overnight fasted
sulphate in 10 mL water (2 mL/100 g body rats were given oral gavage of pioglitazone
weight/p.o.). After 30 min, rats were euthanized (10 mg kg” in 0.1 M citric acid solution). Blood
by pentobarbitone overdose and the gastric samples (0.3 mL) were withdrawn through tail
emptying was calculated by formula given in vein from unrestrained animals and collected in
the text. Each value represents mean + SD of heparinized tubes at 0.5, 1, 2, 4, 8 and 24 h time
3-4 observations. **: p<0.01 Vs non-diabetic interval and stored at -20°C till HPLC analysis.
control group,” p<0.01 Vs diabetic control Each value represents mean + SD of 3-4
group respective control group (Neuman-Keuls observations

Transit [Percent intestinal length)

Fig. 5: Effect of quercetin on diabetes-inducedncies

post hoc test)

100 =
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- -»- Diabet,
E I o D::b:t:*Quercetin
50 -
O_
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Time (h)
0 Fig. 7: Mean plasma concentration-time profiles of
Control Diabetes Quercetin

pioglitazone after its intravenous administration
to non-diabetic, diabetic and quercetin treated
group. At the end of the experiment, rats were
given an intravenous bolus of pioglitazone
[5 mg kg* in (30% propylene glycol + 3%

in intestinal transit. At the end of protocol,
overnight fasted rats were given a test meal

consisting of a suspension of 7.5 g barium DMSO) mixture]. Blood samples (0.3 mL) were
sulphate in 10 mL water (2 mL/100 g body withdrawn through tail vein from unrestrained
weight/p.o.). After 30 min, rats were euthanized animals and collected in heparinized tubes at
by pentobarbitone overdose and the intestinal 0.083, 0.5, 1, 2, 8, 12 and 18 h time interval and
transit was determined as percentage of stored at -28C till HPLC analysis. Each value
movement of barium sulphate in the intestine in represents mean + SD of 3 observations

relation to the whole gut length as determined

by visual inspection of the test meal passage ifone-way ANOVA revealed a significant influence of
the intestine. Each value represents mean + S@ll the treatments on the oral and intravenous
of 3-4 observations. *: p<0.05 Vs non-diabetic pharmacokinetics of pioglitazone. The ARC(81%
control group,” p<0.05 Vs diabetic control increase), T, Vd and MRT of pioglitazone was
group respective control group (Neuman-Keulssignificantly increased (p<0.05) andg kand Cl was
post hoc test) significantly decreased (p<0.05) in diabetic rdtsrats
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Table 2: Pharmacokinetic parameters of pioglitazonarious treatment groups after its oral adniaton
Pioglitazone (10 mg kg p.o.)

Pharmacokinetic

Sr. No. parameters Vehicle control Diabetes Diabet®uercetin One-way ANOVA statistics
1 Trmax () 1.7+0.5 2.0£0.0 4.0£3.4 F(2,7)=1.37% p.3127
2 Crnax(1g ML) 10.9+1.2 16.4+1.1 17.0+7.3 F (2, 7) = 2.515, 1503
3 AUGo (ug h mL?) 99.7+16.6 173.0£30.7* 214.8457.8 F(2,7)=9.212, p=0.0110

After 4 weeks of various treatments rats were dgbtrfasted and were administered with pioglitaz¢t® mg kg*, p.o.). Blood (0.3 mL) was
collected in heparinized tubes at 0.5, 1, 2, 4ai@8d 24 h after oral administration and the plasorecentrations were determined by HPLC.
Tmax: Time to reach Cmax; Cmax: Peak plasmaemnation; AUC: Area under the plasma conaiutn curve. All values are mean + SD
(n = 3-4) *: p<0.05 Vs vehicle treated control gogi®ne-way ANOVA followed by Newman-Keuls test)

Table 3: Pharmacokinetic parameters of pioglitazonerious treatment groups after its intravenadisiinistration
Pioglitazone (5 mg kg, i.v.)

Pharmacokinetic

Sr. No. Parameters Vehicle control Diabetes Diabet®uercetin - One-way ANOVA statistics
1 Crax(g mL?) 15.900+1.700 29.300+14.3 16.400+0.9 F (2, 6)472,p = 0.1644
2 AUCo., (g h mL?) 74.400+9.800 127.800£30.5* 137.900£16.2 F (2, 6) =8.103, p = 0.0197
3 Kei (1/h) 0.250+0.010 0.090+0.03*** 0.090+0.02 F @,= 62.67, p<0.0001

4 Ti2 () 2.690+0.100 7.950+2.3* 7.560£1.2 F (2, 6) =70 p = 0.0103
5 Vz/F () 0.260+0.030 0.440+0.05** 0.390+0.04 F @& =17.03, p =0.0034
6 CI/F (I/n) 0.067+0.009 0.041+0.011* 0.036+0.003 F (2, 6)=11.96, p = 0.0081
7 MRT (h) 5.060+0.410 11.050+£3.31* 10.120+1.45 FaR= 7.059, p = 0.0265

After 4 weeks of various treatments rats were aéhtgred with pioglitazone (5 mg Kgi.v.). Blood (0.3 ml) was collected in heparinizeibes

at 0.083, 0.5, 1, 2, 8, 12 and 18 h after intrausraxdministration and the plasma concentrations wetermined by HPLC. Cmax: Peak plasma
concentration; AUC: Area under the plasma concgatrecurve; K;: Elimination rate constant;,F Half-life; Vz/F: Volume of distribution;
CI/F: Clearance; MRT: Mean residence time. All wsare mean + SD (n = 3); *: p<0.05; **: p<0.01r*p<0.001 Vs vehicle treated control
group (One-way ANOVA followed by Newman-Keuls test)

intravenous administration. Similarly, the AWIC of
pioglitazone was significantly

were higher in alloxan-induced diabetic rats as
increased (p<0.05;compared to non-diabetic rats and the results im no
73.0% increase) in diabetic rats after its oraldiabetic rats were in accordance with the previous
administration. However, other pharmacokineticreport€. However when given intravenously, AUC
parameters were not significantly affected. was higher, clearance was lower and Cmax remained
Quercetin treatment had no influence (p>0.05) onynaffected in diabetic rats as compared with non-
the diabetes-induced changes in the oral andjapetic group. These observations indicate that th
intravenous pharmacokinetics of pioglitazone. bioavailability of pioglitazone is as such higher i
diabetic group as compared to non-diabetic grolqg T
studies further revealed that pretreatment withrcpten

Pioglitazone is known to sensitize the tissues tglid not influence the increased bioavailability of
insulin to produce its antidiabetic actith If given  Pioglitazone in diabetic rats and this is contraryour
along with a sulphonylurea or insulin, it oftendeato ~ Previous observation that quercetin increases anees
severe hypoglycem?f&?®. In view of this risk factor, its N non-diabetic ratd,
b|oava||ab|||ty is therapeutica”y crucial in viewf The GI function studies revealed that the diabetic

possible pharmacokinetic drug-drug interactions. Wegroup exhibited significant delay in gastric emptyi
had earlier shown that administration of p|og||mO and intestinal transit and thus mimicked the coodit

DISCUSSION

along with quercetin to non-diabetic rats increaites
bioavailability, as it is principally metabolizedy b
CYP3A and quercetin inhibits the same. Howevelis it
difficult to extrapolate such possibility in diabet
condition, particularly because diabetic
altered Gl function and CYP3A activity. Therefotiee
present investigation was carried out to studyfaie of
pharmacokinetic  drug-drug interaction
guercetin and pioglitazone in diabetic condition.

of diabetic gastroparesis seen in humans after long
standing diabetes mellitus. In addition, it waseslied
that treatment with quercetin significantly prewaht
these diabetes-induced changes in Gl function. iRigce

rats havewve have reported that reduced NO levels in Gl éisss

the pivotal reason for diabetes-induced Gl
dysfunctio®®. Quercetin is reported to enhance the

betweenbioavailability of NO in diabetic rat aortad. Thus,

quercetin might have produced beneficial effects in

These studies revealed that the Cmax and Arediabetic rats through modulation of NO levels ir th
Under The Curve (AUC) of orally given pioglitazone GIT.
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The delay of gastric emptying and intestinal titans
is normally expected to postpone the Tmax, while
improvement by quercetin is expected normalize it.

ACKNOWLEDGEMENT

The study was supported by University Grants

However, the Tmax in diabetic group was same as thaCommission, India, under Major Research Project
of non-diabetic group, indicating that prevailing G Grant [F31-79/2005(SR)].

function had no contribution to the bioavailabilibf
pioglitazone and hence quercetin-induced improvéd G
function did not show any change in the Tmax. It is
known that diabetic gastroparesis affects the emgty 1
of solid meal while the emptying of liquid meal raims
unaltere®?”. Incidentally, in the present investigation
pioglitazone was administered in the solution form.

The diabetes-or quercetin-induced changes 2.
CYP3A activity could be responsible for the chaniges
Cmax and reduction in clearance of pioglitazonee Th
erythromycin N-demethylase assay revealed decreased
CYP3A activity in liver and intestinal microsomes
obtained from diabetic group. These observatioasrar
accordance to the earlier reported changes in thd:
CYP3A activity in diabetic conditidif’. The CYP3A
activity in these tissues was uninfluenced by ceiémc
treatment to diabetic group. In our earlier studg w
found that quercetin significantly inhibited CYP3A
activity in non-diabetic rats, which is not evident
diabetic rats in the present investigation. Western
blotting studies have reported that the content of
CYP3A of liver and intestine is as such low in ditib
conditio'®. Thus, inadequate availability of CYP3A
and decreased metabolism could be the possiblerreasg
for higher Cmax and AUC of pioglitazone in diabetic
condition. For the same reason, quercetin-induced
inhibition of CYP3A was not evident in diabetic gm
which is otherwise seen in non-diabetic group im oug,
earlier studies.

Thus, these studies reveal that the bioavailgtulfit
pioglitazone is higher in diabetic condition buinans 7.
unaffected by quercetin treatment. Part of this
observation is contrary to a clinical report wharsipe
Il diabetic patients exhibited normal clearance of
pioglitazon&!. However, the study did not assess
CYP3A activity and/or the functional status of GIT g,
these patients.

CONCLUSION

The present investigations revealed that quercetin
treatment improved diabetes-induced Gl dysfunctiord.
with no concurrent influence on the hepatic and
intestinal CYP3A activity and hence the bioavaili&pi
of pioglitazone. However, extensive clinical
pharmacokinetic studies are necessary to extrapolat
these observations for therapeutic enrichment.
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