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Abstract

Cardiometabolic syndrome refers to a clusteringseferal risk factors for

cardiovascular disease; obesity and hyperlipidesmgatwo underlying disorders
associated with the syndrome. An often overlookgakat of these conditions is
the effect that they may have on the pharmacokiseti drugs. In this thesis, the
influence of obesity and hyperlipidemia on drug mphacokinetic was explored
using as test drugs azithromycin and cyclosporiAa. LC-MS assay for

azithromycin was developed and used in a pharmaebtki study in obese
patients. The results were comparable to literawas&a from lean subjects.
Azithromycin bioavailability was reduced by onerthin gastric bypass subjects.
Mean leptin and interleukin 6 levels were highemtipreviously reported for lean
subjects. Although in rat hepatocytes lipoprotdiad significant down-regulating
effects on the mRNA levels of several genes, cyddse uptake was minimally
affected. In conclusion, our findings could explaome variability in drug

pharmacokinetic and unexpected dose versus eftecoimes in cardiometabolic

syndrome that could contribute to both hyperlipitleand obesity state.
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1. Introduction



Cardiometabolic Syndrome

Cardiac metabolic syndrome (CMS), common in anvesdtd approximately 25%
of the world's population [1-5], is defined by thkistering of several classic
cardiovascular risk factors, such as type 2 diab¢ie€DM), elevated blood
pressure, high triglycerides (TG) and low levels hofjh-density lipoprotein
cholesterol (HDL). Recent estimates state a 23.T& @revalence among adults
in the United States (U.S.) [6], which will likelyncrease in the future,

corresponding to the increase in the incidencebebity and T2DM [7, 8].

Insulin resistance and abdominal obesity, the twdeudying disorders of the
syndrome, are thought to be the key physiologicadds resulting in the adverse
cardiovascular profile of patients with CMS [7].b€3ity is often associated with
T2DM, hyperlipidemia and hypertension [9, 10]. \&@sal obesity, which is
characterized by accumulation of fat in and arotimel abdomen, is the main
cause of metabolic abnormalities, and thus reptesam important target in the
treatment of metabolic syndrome. A strong mechanibhk exists between
obesity and insulin resistance, and links with ospects of the syndrome such
as hyperlipidemia have been proposed. Patientsokiéisity and insulin resistance
are generally resistant to the antilipolytic efeaf insulin [11]. In addition, larger
adipocytes and adipocytes present in visceral fatn@ore metabolically active
and have a higher rate of lipolysis [12]. Also deration in hepatic synthesis of
very-low-density lipoproteins (VLDL) in the CMS inlves increased availability

of free fatty acids derived from adipose tissue.wkeer, a role for



hyperinsulinemia versus hepatic insulin resistaimcelriving hyperlipidemia is
controversial because insulin may have dual effdmth enhancing lipogenesis

and limiting Apolipoprotein B (apoB) secretion [11]

Individuals who are diagnosed with CMS have a sicgmtly increased risk of
developing complications of cardiovascular diseag&vD) and T2DM,;
additionally, non-diabetic subjects with CMS arerkealy predisposed to the
development of T2DM [13]. Diabetes mellitus, knotenbe one of the main risk
factors for atherosclerosis [14], is associatechveh increased cardiovascular
morbidity and mortality [15, 16] as CVD is the |&agl cause of death in diabetic
patients [17]. The hyperlipidemia seen in the meliabsyndrome is also
commonly found in patients with T2DM. Recently,hais been reported that
abnormalities in the lipoprotein profile such asldrinypertriglyceridemia can
significantly increase the risk for myocardial irdton and stroke [18, 19], and

low HDL cholesterol is among the major risk facttosCVD.

CMS patients are usually taking many medicationstfeatments. One of the
most challenging aspects of the syndrome is urasisig the cellular
mechanisms that link the metabolic abnormalitiethwhe pathophysiological
effects that lead to disease symptoms. In thigghves focus on the effect obesity

and hyperlipidemia have on drug PK.



1.1. Obesity

Obesity is a chronic metabolic disease resultimgmfra chronic imbalance
between energy intake and energy output. The pFaealof obesity (classified as
a body mass index (BMI) of 30 kgfjrhas dramatically increased in recent years
and has reached epidemic proportions globally [20]. Obesity is a well-

recognized global health problem. In 2008, the \WoaHealth Organization

(WHO) estimated that over 1.5 billion adults worldes were overweight (BMI

>25) and 500 million adults were obese (BMI >30ihvan estimate that > 700
million people will be obese by 2015 [22, 23]. Nwtly have more and more
adults become obese, but in Canada a review fro8d 1® 2009 across all age
groups from childhood to adulthood showed a sigaiit increase in body weight

[24, 25].

Obesity is often accompanied by excess fat stomragissues other than adipose
tissue, including liver and skeletal muscle, whittay lead to local insulin

resistance and may stimulate inflammation. In aaoladljt obesity changes the
morphology and composition of adipose tissue, legdb changes in protein
production and secretion. Some of these secreteteips include several

proinflammatory mediators produced by macrophagese adipose tissue. This
excessive fat accumulation in adipose tissue, ,liaed other organs strongly
predisposes people to the development of metaboftianges that often

accompany obesity, including hypertension, impaigettose tolerance, insulin
resistance leading to hyperinsulinemia, and dydigiia. Thus, there is an

increase in overall morbidity risk [6, 26].



The interaction of multiple environmental (excessiwaloric and food intake,
social, economic, and insufficient physical actiyiand genetic (family history of
obesity, individual metabolism, and behavioral)téas can cause obesity [23].
Poor diets which include over ingestion of foodttl® rich in high caloric

carbohydrates are contributing factors. Furthermdfestyles have changed,
resulting in insufficient physical activity, whids the second major contributing
factor for obesity. Worldwide there has been adaspift toward less physically
demanding work, more use of public transportatiand changes in leisure
activities requiring low to zero levels of physicattivity (e.g. playing video

games and television viewing) [26]. In addition)ymeorphisms in various genes

controlling appetite and metabolism may resulthesty.

Individuals with obesity (BMI > 30 ) have been rejed to have higher mortality
rates as compared to those who are not obese as sbbjects experience CVD
at a higher rate than non-obese individuals [27-ESfreme obesity (defined as
BMI > 40 ) is increasing at a greater rate than enate obesity (classified as BMI
between 30 to 40 ) [30]. Approximately 18 % of tGanadian population are
obese [23, 31], and over 9 million people in the &l&ne suffer from extreme
obesity [32]. The increased incidence of obesifyresents a substantial risk to
human health because it can predispose patiends higher risk of metabolic
disorders (HL and diabetes mellitus), CVD (hypesten, atherosclerosis,
myocardial infarction and stroke), psychiatric dise, cancer, sleep apnea,
osteoarthritis, respiratory diseases, cancer, atbooholic fatty liver disease, and

myriad other health problems [6, 33-35].



Obese individuals typically require multidrug theya for these various
comorbidities. While many agents are available reatt these conditions, the
current knowledge regarding their disposition ie ththese remains limited. The
physiological properties of this population diffeom those of the non-obese
population, including changes in regional bloodwfland increases in cardiac
output, fat mass, and lean mass. These pathopbg&ial changes can lead to

alterations in the PK and pharmacodynamics (PRiyads [36].

1.1.1. Obesity management

The main treatment options for obesity consist ieting and physical exercise

[37]. Diet programs may produce weight loss overghort term, but maintaining

this weight loss is frequently difficult and oftesquires exercise and a lower food
energy diet [38-40]. One drug, orlistat (Xenicai®approved for use, but there is
little information on how this drug affects long4te complications of obesity, and

it has a high rate of unwanted adverse effects. [i¢ most effective treatment
for obesity is bariatric surgery, reserved for @atts who have failed dietary or
medical weight loss methods or people with a BMI3&f or higherwith an

obesity-related condition or for people with exteeabesity [42].

1.1.2. Bariatric surgery
In 2008, 220,000 bariatric surgeries were perfornmredhe United States and
Canada. More recently it was estimated that closg50,000 bariatric operations

were performed worldwide (63 % in USA and Canad&).[This rapid rise in the



conduct of these procedures is related to the apidtreasing population of
patients presenting with morbid obesity (defined&H > 40) [44]. Although this

IS a serious intervention, it is an effective waywhich to alleviate many of the
other serious comorbidities that these patientsatlieted with, notably the CMS

comprising diabetes, hypertension and dyslipidgdba46].

The surgical procedures used are typically eitherely restrictive (gastric
banding, gastroplasty), malabsorptive (biliopantcealiversion, jejunoileal
bypass), or combined restrictive and malabsorptgastric bypass) in nature
[47]. The RYGB procedures are most common, accogritr more than 80 % of
all bariatric surgical procedures [48]. Bariatricgery usually results in sustained
weight reduction (longer-termra 5 year) with acceptable costs [43]. At 5 years
post RYGB surgery, the mean average of the perero¢ss-weight loss was
75%. [49]. Patients experience improvements in hteiglated comorbidities,
quality of life, and mortality rates [42]. Howevehe reduced effective size of the
stomach can place patients at a higher risk of radvevents associated with
certain medications [50]. Such medications includen-steroidal anti-
inflammatory drugs, salicylates, and oral bisphospaites. Patients are also
placed at an increased risk of nutrient deficiend@ essential dietary minerals
(calcium, iron) and vitamins (fat-soluble vitaminsyitamin and mineral
supplements are therefore required after the syrdére binding of vitamin B12
to intrinsic factor is reduced, and therefore vitalB12 supplementation is also

required to prevent anemia [42].



1.1.2.1. Roux-en-Y gastric bypass (RYGB)

Laparoscopic Roux-en-Y gastric bypass (RYGB), @acedure that circumvents
the upper gut, is the most common bariatric proceda USA and Canada
(Figure 1) [51]. Indeed, RYGB surgery comprises wtb80 % of bariatric
surgeries performed by American surgeons [52] andepresents the gold
standard in the U.S. for weight loss in morbid atye®RYGB achieves not only
significant, sustainable weight loss, but it hasoabeen shown to resolve or
improve other conditions associated with CMS [45, 33].However, it results in
malabsorption because the stomach capacity is eddbg 95 %: the proximal
portion of the stomach is reattached to a morerakpart of the small intestine,
bypassing the duodenum and 50-70 cm of the jejuididin Since 2008 the use of
gastric bypass in Europe has nearly quadrupled frbrh % to 39.0 %, while the
use of gastric banding had decreased from 63.7%3t2% [51]. It has been
documented to achieve up to 69 % long term weigiss [[55, 56]. The
laparoscopic RYGB approach is associated with aenmapid recovery, fewer
pulmonary complications and wound infections, aedsl| postoperative pain

compared to open procedures [42].



Alimentary limb

Stomach

DuodenU{n

Biliopancreatic limb

%
Common limb

Figure 1. Schematic diagram of
Roux-en-Y gastric bypass. The
proximal stomach is separated
from the distal stomach using
surgical staples to form a small,
restrictive gastric pouch (20 to
30 mL capacity). The mid
jejunum is transected (site
and the distal section
connected to the pouch. The
length of intestine leading fro
the duodenum is reconnected|at
the jejunal-ileal region. Th
reconnected pouch forms
alimentary limb which bypasses
immediate contact witl
biliopancreatic secretions; the
outcome resembles a Y shape
configuration (hence the name).

distal to the site at which the
two limbs join is termed th
common limb; this is wher
biliopancreatic secretion
eventually mix with ingeste
food and most absorption
occurs. The alimentary limb i
typically 100 cm in length an
the biliopancreatic limb i
usually from 30 to 50 cm i
length [43].

1.1.2.2. Effects of RYGB on drug disposition

RYGB surgery can clearly lead to direct alteratiamsgyastrointestinal anatomy

and physiology which can affect the absorption af only nutrients (a basis for

its therapeutic effectiveness), but also orally snilstered medications. An

understanding of the effect of the surgery on the&e rand extent of drug

absorption and on bioavailability is just evolvirgis not surprising that there is

not much information on this issue, given the redy recent increase in the



prevalence of obesity and the associated increassel of bariatric surgery for its
treatment [57]. Currently there are no consensigegines for dosing of drugs to
these patients, and there is some uncertainty adegpithe prediction of how
bariatric surgery may influence the PK of specdimigs [58]. One reason for
uncertainty is that the outcomes are very drugifipec nature, and furthermore,

study design is an important criterion for assagtie data.

1.1.2.3. Summary of PK Studies after RYGB Surgery

Relatively few studies have focussed on the infteeof bariatric surgery on PK.

There are only 15 studies, involving 29 agents [@dh. Of these, 5 were case
reports evaluating 7 different drugs [59-63]. Thesmere an additional 10

controlled studies evaluating 22 pharmacologic&nég and ethanol [42, 54, 64-
72]. Solid dosage forms were used in all studiegpikone, in which ethanol was
administered as an oral solution [72]. Sample siaeged from 1 to 32 patients.
Pre-post designs were used in three studies. Casoparof surgical cases with
normal weight controls were performed in 7 studied 2 studies used historical
published data as the comparison group [67, 68grél the trend and evidence
for altered rate or extent of absorption were fotords5 % of the studied drugs.
The data did not show reduced absorption for 9/2Z%ications and ethanol

(Table 1).

Evidence for an increase in magnitude of drug giismr was present for 3

medications [64, 66, 68]. Case reports or casesenamining tamoxifen [59],
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Table 1. Summary of studies in which the plasma/serum (gnleslicated)
pharmacokinetics (mean+SD, ranges in parenthededugs were studied after
RYGB surgery.

Drug n Control Post RYGB Surgery
Cmax, Tmax, h AUC, Cmax, mg/L Tmax, h AUC,
mg/L mg-h/L mg-h/L
Atorvastatin | 12 0.028 1.6 0.075 0.013 1.8 0.05
[64]
Metformin 32 1.8+0.61 3.0 (.51 11.4+3.6 2.0+0.86 3.0 (1.5-3.0)* 13.746.0
3.0)
[66]
Tacrolimus 6 0.023 2 0.26 0.016 13 0.071
[67] (Blood)
Sirolimus 6 0.018+0.01 0.7+0.3 0.33+0.13 0.032+0.009 2.0£0.7/ 0.18+0.12
[67] (Blood)
Moxifloxacin | 12 NR NR NR 3.38:1.41 1.75(0.75—- 46.2¢1.4
4.00)*
[68]
Sertraline 10 | 0.048+0.01 3.4+1.1 0.31+0.12 |0.019+0.007 3.9+0.9 10.12+0.05
[70]
Ethanol 24 577112 0.5 910+170| 1741+211 10.16 935+213
[72] (Blood)
Tamoxifen 3 NR NR (0.003- NR NR (0.0005-
0.021)
[59] 0.0021)
Phenobarbitone| 1 NR NR (1.25-3.41) NR NR 0.825
[62]
Phenytoin 1 NR NR (0.41-0.83) NR NR 0.125
[62]

Arrows (T or {) indicate significant differences in the indicateidection from
control subjects. Median (range). NR= not reported.

temozolomide [60], nitrofurantoin, amoxicillin [61phenobarbitone, phenytoin
[62], and haloperidol [63]. Controlled studies exsbd atorvastatin [64],

morphine[73], amoxicillin, acetaminophen, talinolo[74], tolbutamide,
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omeprazole, oral midazolam and caffeine [75], meifo [66], tacrolimus,
sirolimus and mycophenolic acid [67], moxifloxadi@8], levothyroxine [69],
sertraline [42,70], venlafaxine, duloxetine, cifaam, escitalopram[42],

cyclosporine A [71], ethanol [72].

After RYGB surgery, the bioavailability (assessgdAlJC) of a few drugs was
found to be reduced. These drugs (where known,rgeb@availability in lean
subjects in parentheses) include the antimicradriagis nitrofurantoin (87%) and
amoxicillin (93%) [61, 65]; the immunosuppressivgeats cyclosporine A (28-
43%) [71], tacrolimus (25%)), sirolimus (15%), anglaophenolic acid (94%) [4];
the replacement hormone levothyroxine (70%) [68Y thef-adrenergic blocker,
talinolol (55%) [74]. The circulating concentrat®nof the anticonvulsants
phenytoin (90%) and phenobarbital (100%) [62], anithe anticancer drug
tamoxifen, were also reported to be lower after BY[59]. In some cases, no
significant changes were observed in absorptiorarpaters after RYGB. For
example, no long lasting alterations were seemén@max, tmax or AUC of the
antidepressants of the selective serotonin reupaakieserotonin-norepinephrine
reuptake inhibitory classes of drugs (sertralingalapram, escitalopram,
venlafaxine and duloxetine,); the bioavailabilitefsthese drugs varies from less
than 10% to over 80% in lean subjects. Each ofetlassessments was conducted
in patients before and after surgery, with the R studied at different times
(1, 6, and 12 months) after surgery [42, 70]. Alito there was a transient
decrease in oral absorption at 1 month in post RY@Bviduals, there was a

return back to the baseline at 6 and 12 monthg. [AZome cases, inconsistent
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findings were seen within the same study. For exengfter RYGB it was found
that in some patients atorvastatin bioavailabilkycreased by a factor of 3,
whereas in others a doubling of AUC occurred. Oerage, the results showed no
significant difference between pre and post RYGR)ysry for this drug [64]. For
other drugs, the observed changes fall in line \eiipectations. For example,
highly lipophilic drugs such as cyclosporine andrééimus might rely on the
presence of bile salts, and exposure to duodenaosal for absorption. In
bypassing a large absorptive area of proximal smadbktine, and reducing direct
exposure of drug to bile salts at this region, mlomation of reduced solubility
and loss of mucosa for optimal absorption couldarphe observed decrease in
bioavailability after RYGB. It is known that the @ldenum is the primary site for
tacrolimus absorption and for presystemic drug buwiam by CYP3A4/5[67,
76]. As in the case of metformin, one cannot exeltiee possibility of changes in
function or expression of membrane transportersthay are involved in the

clearance of each of these agents.

1.1.2.4. Physicochemical and physiological consrdéons
Disintegration is often the rate-limiting step dvsorption of drug from solid oral
formulations [57]. Gastric mixing, which is impontain the disintegration
process, is reduced by RYGB, as the truncated soroaly has a small volume
(Figure 1) [43]. As such, a reduced rate of digiraéon might be the case for

certain formulations.
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The Biopharmaceutical Classification System (BO®)cates drugs according to
their solubility and permeability characteristidhe small gastric pouch created
after RYGB causes an increase in gastric pH duts separation from other acid-
producing cells in the more distal regions of thensach [47]. Theoretically,

increasing gastric pH should increase the solybdit weakly basic drugs, as a
larger proportion would be in the unionized statbereas the opposite would be

expected for weak acids [77].

An invitro drug dissolution model of the gastrointestinalimmment has shown
that 10 of 22 psychiatric medications had a sigaiftly lower dissolution in a
simulated post-RYGB environment [78]. Drugs thapeled upon an acidic
environment for optimal dissolution (e.g. rifampidigoxin and ketoconazole)
seem more likely to be affected by the increasestrigagpH post-RYGB [57, 79].
The rate of drug dissolution was more affected tthenextent. However, this is
an oversimplification of the in vivo situation, & most drugs given orally the
extent of absorption from the stomach is genemathall due to its relatively small
effective surface area. Rather, the small intessneonsidered the major site of
drug absorption owing to the presence of multigeels of macroscopic and
microscopic surface bends in the luminal surfadeottuced by the folds of
Kerckring, villi and microvilli. These folds afforda substantial increase in
absorptive surface and are most prevalent in tlelehum and proximal jejunum
[80]. Thus, changes in gastric pH are less apatse changes in absorption than

changes in intestinal pH.
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Drugs with pH-dependent solubility like ketoconazahd limited water solubility
are usually poorly absorbed, with the rate limitstgp being drug dissolution.
The solubility of highly lipophilic drugs is morekély to be influenced after
RYGB surgery because there is a reduced direataictien of the drug with bile
acids. This interaction is critical for certain dsj as the bile salts normally would
enhance solubility by allowing for the formation wofixed micelles containing
drug. There is evidence for the reduced absorptbrthe lipophilic drugs

cyclosporine, phenytoin, thyroxin and tacrolimuteabypass surgery (Table 1).

The gastric emptying time after laparoscopic RYGBrariable [81], being short
in some cases but longer in others. Although gastriptying time may be altered
after RYGB, this would not be expected to change dkerall extent of drug

absorption because most of the small intestindilisirgact. Consequently, the

area under the curve (AUC) levels would be expmktiebe mostly unchanged if
the only change affecting a drug formulation igt gastric residence time [47].
Small intestinal transit time can in particularlighce the drug absorption of
poorly soluble or extended release drug formulatif80]. Since the duodenum
and the proximal jejunum are bypassed and pasbtagagh the intestine may be
increased, leading to a decrease in transit tiinis, gonceivable that for poorly
water soluble drugs and extended release formulgtimadequate transit time

may be available for full dissolution and absomptad drug [80].

Gastric bypass procedures that markedly reduce salieaposure would seem to
be most apt to cause changes in the oral absorpfiainugs. In typical RYGB

procedures, large parts of the stomach, the etioelenum and a small portion of
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the proximal jejunum are bypassed, thereby decrgakie surface area available
for drug absorption [50]. Drugs that are known ®dbsorbed primarily in the
proximal gut, and/or those that are intrinsicalhody absorbed, are most likely to

be affected by the procedure.

Regarding the various surgical procedures, it isciear if there is a difference in
drug absorption between bypass of the proximal Ismedstine (gastric bypass)
and the distal small intestine (jejunoileal bypagdjhough the proximal small
intestine has the largest overall surface areaipiiength of the gastrointestinal

tract, the intestinal transit time is slower in tbeger distal small bowel [57].

1.1.3. Effect of obesity on drug pharmacokinetics

1.1.3.1. Absorption

Obesity is associated with a significant increasesulbcutaneous fat, and the
absorption of drugs administrated topically suchtta®ugh the subcutaneous,
transdermal, and intramuscular routes may be a&ffledo date only a few studies
have characterized these extravascular routes wj dbsorption in the obese
population. Sanderink et al. assessed the subautanabsorption of a low-
molecular-weight heparin, enoxaparin, in obese ao-obese volunteers [82].
They used anti-factor Xa and anti-factor Illa a¢yivevels as surrogates for the
PK of enoxaparin after once-daily subcutaneous adtnation and a single
intravenous infusion. The rate of enoxaparin alsmmp after subcutaneous
administration was slower in the obese volunteg&tee median time to reach

maximum activity level waslhr longer in obese satsjdor both anti-factor Xa
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and anti-factor lla. However, the extent of absorpappeared to be complete in
both groups. Similarly, usingl-labeled rapid-acting insulin in patients with
T2DM, there was no effect of obesity on absorptrate from subcutaneous
injection sites. Moreover, there was no correlati@tween the depth of the fat
layer and the residual radioactivity measured gection site [83]. The rate and
the extent of drug oral absorption does not appeargnificantly differ between

obese and non-obese subjects for a number of dnaysding cyclosporine [84],

dexfenfluramine [85], midazolam [86] and propran$8Y]. Obese subjects often
have higher gastric emptying rate, higher cardiatput and an increased gut
perfusion that could lead to an increase in bidaldity and rate of absorption

[88], but limited data are available.

1.1.3.2. Distribution

Distribution to various tissues is dependent on tlmag's physicochemical
properties, as well as tissue makeup and quarttyobesity the increase in
adipose tissue is intuitively expected to causengbs in relative drug distribution
in the body. Tissue perfusion may be reduced irselxedividuals, and alterations
in cardiac structure and function have been obseirvéhe obese [89, 90]. These
haemodynamic changes could potentially alter drisgridution and CL in
obesity. The Vd, which reflects the ability of ttieig to leave the blood and enter
the tissues, is particularly susceptible to obediyotein binding is a critical
determinant of Vd, with some of the major bindingteins being albuming;-

acid glycoprotein and lipoproteins. Obesity doesappear to have an impact on
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drug binding to albumin. It has been reported #&tim albumin is unaltered in
both moderate and morbid obesity [22]. An undeditag of how the Vd of a
drug changes in obesity is of particular interestl aritical because it is the
principal parameter determining loading-dose selacilhe ability of a lipophilic
drug to penetrate into excess tissue stores obadip expectedly higher than a
hydrophilic drug, which might increase the Vd. Distition of many lipophilic
psychotropic drugs, including benzodiazepines amydic antidepressants, is
increased in obese subjects [91, 92]. Lipoprotewsich can bind lipophilic
drugs, are often increased in obese patients [§3&Td might also play a
significant role in determining the Vd. Hyperlipid& is often a comorbidity of
obesity, and in such patients an increased levélrafing to serum lipoproteins
might limit the increase in Vd expected when oniysie penetrability for
lipophilic drugs is considered. For hydrophiliaigs, the Vd based on total body
mass would be expected to decrease because apatino of the total body
mass, there is proportionately less tissue spaadable for the drug to penetrate.
In general, Vd changes in obese subjects are il gaedictable based on the
physiochemical properties of the individual drug. addition to being drug
specific, these changes are dependent on proteidingi and the degree of

obesity.

1.1.3.3. Metabolism

Pathophysiological changes associated with obesith as fatty liver infiltration,

usually caused due to an increase in the amoufdtdfansferred to liver from
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other parts of the body, can potentially alter dmgtabolism and hepatic drug
transport [22]. Depending on the extent to whiah dinug undergoes metabolism,
the clearance in some cases is altered in obesmsai94, 96]. However, it is not
altered in other subjects compared to normal wesgbjects [91]. Obese patients
are usually associated with an overall increasdiver size [97]. In morbidly
obese persons, fatty liver infiltration resembliE®holic hepatitis and may induce
liver damage [98]. However, changes in function liwer enzymes are not
routinely seen in obesity [93, 94]. In situationtere fatty liver infiltration
compromises hepatic function, concentrations ofg<imding plasma proteins
may decrease, which might affect drug plasma prdieiding and hence Vd and

possibly CL of the total (bound+unbound) drug.

The hepatic cytochrome P450 (CYP) family of enzynmesmportant in the

oxidative metabolism (phase | metabolism) of drugepatic metabolism by
isozyme CYP2E1, which mediates the metabolism tf facids, ketones, and
ethanol, plays a role in the development of nowfablic fatty liver disease.
Chronic exposure to large amounts of these substraan induce CYP2EL,
leading to free radical formation, lipid peroxigatiand consequently liver injury.
Morbid obesity was found to increase CYP2E1 actiy22, 99]. Inhalational

anesthetics (e.g. methoxyflurane, halothane, enilir sevoflurane, and
halothane) that are substrates of CYP2E1 weredfdoiiave higher CL in obese
individuals as compared to non-obese controls [100F effect of obesity on

CYP-mediated metabolism appears to be isozymefspewith increases in
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CYP2E1 and decreases in CYP3A4; its effects onrd@Yé® isoenzymes are less
clear [100]. With respect to phase Il metabolisbresity appears to preferentially
increase the conjugative pathways of glucuronidasiod sulfation. The clearance
of oxazepam and lorazepam, each of which is extnetenarily as glucuronide

conjugates, was enhanced in obese individuals c@dp& normal-weight

individuals; when normalized to body weight, no felience was seen in
clearance, however [101]. Acetaminophen, which haslfation and

glucuronidation as primary elimination pathways,swiaund to have higher
clearance in obese volunteers than in the normahtveontrols, although when
corrected for body weight, no change was seen [10Rjese studies raise an
important point, in that outcomes of the evaluatioay differ depending on how

one chooses to report the PK data, be it normatizéddy mass or not.

1.1.3.4. Excretion

Obesity may be most expected to affect renal Clatigcting either the rates of
glomerular filtration (GFR) or tubular secretionublular reabsorption, which is
mostly dependent on urine pH and pKa of weak agitkbases, is expected to be
less affected [93]. Henegar et al. reported a pisteior altered renal excretion in
obesity as a result of increased kidney weightalréood flow and GFR in an
animal model of obesity [103]. Anastasio et al.orgd evidence that GFR and
perfusion of renal tissue appeared similar in olss# lean subjects, provided
they were normotensive and did not have microalbune [104]. In contrast,

Janmahasatian et al. found that GFR was higher bese subjects [105].

20



Regarding long-term effects of obesity and coexgsthypertensive status,
Naumnik and Mysliwiec reported that visceral adgdssue may physically
compress the kidney and increase intra-renal pressand tubular
reabsorption[106]. Chronic obesity and hypertensionld lead to renal injury
which is manifested through continuous reductionGFR, increase in arterial
pressure and escalation of cardiovascular morbathty mortality [93, 106]. GFR
is normally estimated by calculating the creatintiearance to predict drug
elimination [94, 95]. Alterations in creatinine alance have been observed in
obese patients versus lean patients. Because sgratinine is dependent on
muscle mass, and in obesity the muscle mass tidbtlmdy mass ratio decreases, in
using the Cockroft-Gault equation to estimate on@a¢ clearance one must use

instead of total weight the lean body mass or itbedly weight.

1.1.4. Obesity and Inflammation

A strong association exists between obesity andmrhation. The health risks of
obesity are at least in part caused by the preseheelow-grade inflammatory
state [107]. Obesity, specifically abdominal orcesal obesity, leads to high
levels of most pro-inflammatory adipokines, suchleggtin, interleukin-6 (IL-6)

and tumor necrosis factor-alpha (TNJ- In contrast, adiponectin, an anti-
inflammatory adipokine, is decreased in obesitye Té#evated inflammatory
markers found in plasma of obese individuals appeasriginate from adipose

tissue [108]. There has been no attention paithéampact that adipokines, or
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their combination with cytokines, may have on aftgmother important aspects of

drug disposition.

In addition, the biologic mechanisms by which baigasurgery resolves the
health risks associated with obesity (metaboliomisrs) are not fully understood.
One probable mechanism is the inflammatory hypahesgich suggests that the
health risks of obesity are substantially increasgdhe presence of a low-grade
inflammatory state [107, 109]. Earlier work haswh variability in the response
of inflammatory biomarkers after surgery, possitdgulting from differences in
the type of weight loss treatment and the followdyration [110]. Although
several studies have examined the effect of inflatony markers after surgery,
no studies have examined and measured the inflaonynatarkers longer than 1
year. During the early period, the biomarkers hititee increased or showed no
changes compared with baseline [111]. This waseexXidcross a broad range of

bariatric procedures, including RYGB.

1.1.5. Azithromycin (AZ)

Azithromycin is an azalide drug, a subclass deirreabf macrolide antibiotics. It
binds intracellularly to the 50s ribosomal suburfitbacterial cells and inhibits
protein synthesis [112]. It differs from macrolidetibiotics in that it possesses
two nitrogen atoms rather than one (Figure 2). Biigcture produces a dibasic
molecule that has a superior therapeutic profillnmared to older macrolides,
including a broader spectrum of activity, bettdetability, slower clearance and a

once daily dosing regimen [113].
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Figure 2. Chemical structure of azithromycin

1.1.5.1. AZ Pharmacokinetics and Pharmacodynamics

Typical pharmacokinetic parameters reported foltayva daily dose of AZ 500
mg oral include a Cmax of 0.40-0.45 mg/L, Tmax 0b-2.6 hours, low
bioavailability of only 37 %, large volume of digmtion of 23-31 L/kg, a long
terminal phase half-life of up to 57 hours and Al concentrations of 3.39

mgL/h [112, 114, 115].

The drug is actively secreted into the biliary traad is primarily eliminated
fecally in unchanged form, with only 6% of an odalse being eliminated through
the kidney. AZ is also a known substrate for such membranespanters as

organic anion transporting polypeptides (OATPs}lyoprotein and multidrug
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resistance-associated protein 2 (Mrp2), and th@ssporters play important roles

in both AZ absorption and its biliary excretion §111.17].

After oral administration, it is rapidly distribudeto tissues, with concentrations
significantly higher than those in plasma[118% is actively taken up by a wide
variety of cells, including white blood cells (WB@nd fibroblasts, a pattern
different from that of the classic macrolide agertsl3, 119]. Tissue
concentrations are often much higher than plaswelde Particularly high drug
concentrations are found in phagocytes (a 79:&a¢etlular to extracellular ratio),
and this is thought to facilitate AZ transport tdlamed and infected tissue [112,
120]. Drug accumulation is also high in the lungmsils, and urological and
gynecological organs and, thus, the drug is ideslifed to treat infections at

these sites [115].

Community-acquired pneumonia (CAP) together witlfluenza, is the sixth
leading cause of death in the United States, witlestimated four million cases
occurring annually and 600,000 hospital admissjéss 121]. For outpatients in
North America, AZ is commonly prescribed as a firs¢ mono-therapeutic agent
for milder cases of CAP [112, 114, 122]. It is alssed as combination therapy
with a pB-lactam antibiotic in hospitalized settings [123fudies have shown a
link between obesity and infectious diseases swcipreeumonia. Obesity may
influence either the risk of getting an infection tbe outcome of an infection

once it is established [123, 124]. At the same timere people worldwide are
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putting on unhealthy amounts of weight, with monart 700 million globally
expected to be clinically obese by 2015 [125]. Nfmimation is present in the
literature about AZ PK in obese populations andshalies have examined the

absorption of AZ post-gastric bypass.

Obesity can increase hospitalization [123, 124,, 12%/]. Indeed, 46-54% of
hospital patients are overweight and 32% are obsibeBMI > 30 [128]. A clear

understanding of the effect disease states haverwn disposition can help to
explain variability in response to drug therapyth®rough understanding of the
influence of obesity on antimicrobial drug dosirande crucial to achievement of
maximum safety and effectiveness [36, 121]. Obedgests are often excluded
from clinical trials during the drug developmentopgess and as a result
information regarding the impact of obesity on B¢ and PD of the majority of

drugs is limited [36]. More studies including thpspulation are required due to
its high prevalence and because the obese commeqglyre medications for a
wide range of comorbidities. Early AZ dosing in CARtients is vital because
mortality is lower when such patients receive arrobials within 4-8 hours of

assessment in the hospital [129]. In addition, dajiitiation of therapy in

adequate doses is essential for achievement adfgbetic success. The first day
of therapy is a critically important period in detgning success or failure of

treatment of CAP [65].
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The efficacy of AZ is well correlated with the ana@ader the plasma concentration
vs. time curve (AUC) to minimum inhibitory conceation (MIC) ratio [118].
Antibacterial action is optimized when this ratsomaximized, and increases with
the initial dose ingested [118, 130]. The AZ MIQ &ireptococcus pneumonia,
the commonest cause of CAP,d2 mg/L [115]. The drug is most commonly
administered at a dose of 500 mg once daily, fpergod of between 3 to 5 days.
Trough values are typically above 25 ng/mL aftaralslinical doses [130-133].
Thus, a sensitive analytical assay is needed irerof determine AZ

concentrations in plasma.

1.2. Hyperlipidemia

Hyperlipidemia (HL) is identified as a major rislactor of cardiovascular
diseases, specifically atherosclerosis, and is ceéted with increased risk
ofT2DM and a greater risk of coronary heart disq&4eD) for a given level of
low-density lipoprotein (LDL) cholesterol [6, 33-B5here is strong correlation
between dyslipidemia and abdominal obesity [6]. ils been shown to change
the PK of drugs that are bound to plasma lipopnasteit can limit their uptake
into the cells, thereby decreasing their metabolisimusually decreases the
unbound fraction (fu) of drugs through increasingit lipoprotein binding, and it
is expected to decrease the metabolism and hephtiof drugs with moderate
and low hepatic extraction ratios (E) [134-136].general, it has been observed
that hyperlipoproteinemia leads to a decreaseaerfréction of the drug unbound

in plasma, and in the clearance (CL) and volumdisfribution (Vd) of the
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bound+unbound drug [136-143]. Therefore, in HL @at$, depending on the
extent of hepatic extraction, a decrease in thenpdadrug fu could potentially
lead to an increase in plasma concentrations andémrease in tissue
concentrations of drug, and therefore their phaotoagcal (therapeutic and

toxic) activities.

The liver is the major organ involved in the meta&mn of endogenous
compounds and xenobiotic. The rate of drug biofaansation is dependent on
several factors including the drug concentratiord availability at site of
metabolism, the levels of enzymes, availability cofactors and drug protein
binding. It is known that only free drug is avaikalior metabolism. Liver, where
most drug metabolizing enzymes are expressednsidered as a terminal site of
catabolism for lipoproteins containing apoB (CM, IlLBnd VLDL) through their
recognition through LDL receptors [144, 145]. Hikel many other diseases, can
potentially affect the expression of drug metaboizenzymes and transporter
proteins in the liver and other tissues. Lipopmusectan reduce the metabolism of
drugs through reduction and inhibition of CYP enegnor through decreased fu,
which in turn results into decreased load of dratp itissues. As a result,
metabolism of drugs in the presence of lipoprotemslid be reduced. For highly
metabolized drugs with lower estimates of hepaticagtion ratio, this would be
expected to cause no significant changes in theuatnof the drug present in
tissues, or in the clearance of the unbound drudpeWassayed for drug
concentrations in individual tissues, however, thés not been the case. Drug

concentrations have been seen, in a tissue-spetiimer, to either be the same,
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higher or lower than in normolipidemic (NL) animalgl46-153]. An
understanding of a disease state like the HL cmmdand of lipoprotein’s effects
on the blood levels of drugs, tissue uptake andy dnetabolism can help to

explain variability between individuals in theiisponse to drug therapy.

1.2.1. Lipoproteins

HL is associated with chronic intrinsically elevétigpoprotein levels [135, 136,
154, 155]. Lipoproteins can be classified basedhair density and content of
lipid protein into five groups going from (lowesi highest density); very-low-
density lipoproteins (VLDL), low-density lipoprotes (LDL), intermediate-
density lipoproteins (IDL), high-density lipoprate (HDL), and chylomicrons
(CM), [137, 156, 157]. They are produced entirelythe liver except for CM
which is primary synthesized by the enterocytes|1BHe LDL receptor (LDL-R)
family is composed of more than ten receptors [1%@)ich are extensively
expressed by the liver and adrenals [156, 158]yy theainly bind to
Apolipoprotein B and Apolipoprotein E containidgpoproteins including
VLDL, IDL and LDL [158, 159]. The major role of theDL-R is to regulate
plasma cholesterol (CHOL) by mediating uptake aa@twolism of plasma LDL,
the major carrier of plasma CHOL [144]. Lipoprotegteptor-mediated transport
of the bound drug fraction into the liver countesasuch an effect by making

more drugs available to the liver metabolizing eneg [148, 160].
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1.2.2. Lipoprotein-bound drugs

For the highly lipoprotein-bound drugs amidaronéMA halofantrine (HF) and
cyclosporine A (CyA), in the liver of HL, concentians were found to be
significantly higher than in NL controls [146, 14B19]. In addition, the HL state
increases the drug binding to the lipoprotein foac{134, 161]. Lipophilic drugs
are known to associate with circulating lipoprogeim the plasma [136, 148, 162].
In HL, most of the drug is bound to the VLDL folled by the LDL then the
HDL fraction [161]. CyA was mostly found in the HDfkaction in NL patients
but in the VLDL/LDL fraction in HL patients; its peentage in the VLDL/LDL
fraction moved from 32 % in NL patients to 46, 540dab55 % in
hypercholesterolemia, hypertriglyceridemia and miXx¢tL patients, respectively
[163]. In rat plasma CyA was mostly found in theDHP fraction in NL rats but
shifted to be mostly found in the VLDL fraction B407 HL rats. In the HL state
CyA concentrations increased by 5.3 and 2.2 foldtha VLDL and HDL
fractions, respectively. However, more CyA was fdtm be associated with LDL
particles, with a 19 fold increase in concentrationHL human and rat plasma,
AM was found to shift from the LPDP fraction to tMe.DL, LDL and HDL
fractions, with LPDP AM concentrations decrease@®®y and 55- fold in human
and rat plasma, respectively [161]. The HF (+)-¢ioamer was found mostly in
the LPDP and HDL fractions in NL rat plasma whilee t(-)-enantiomer was
mostly found in the LPDP fraction [134]. In P407 It plasma, both (+) and (-)-
enantiomers were mostly found in the VLDL fractidqa34]. Thus, the

contribution of the lipoprotein receptors in tharnsport of lipoprotein-bound
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drugs into liver is clinically relevant and can pidy explain why liver
concentrations for these drugs are high in HL stdtevever, the binding affinity
of the drug to the lipoprotein fraction, the typelipoprotein fraction the drug is
bound to and the expression, regulation and typ&Dif-R in tissues are all

factors affecting such transport.

CyA is an immunosuppressive drug, extensively nadiadd by the liver, and
because it possesses a low hepatic extraction raticlearance is expected to be
directly related to the plasma fu. The availabléadar CyA, however, are not
consistent, and in some cases directly in condflith the outcome expected based
on the commonly accepted belief that plasma prdigiding restricts the cellular
access to drug. Factors that increase plasma bpsprconcentrations, such as
ingestion of a high fat meal, or familial hyperlgoteinemia, might be expected
to give rise to reduced fu in blood or plasma attliced CL, and higher blood or
plasma concentrations. For example, in transplatiepts with higher plasma
CHOL or TG levels, CyA showed a decrease in plagmf8] and associated
decreases in Vd and/or CL of the drug [9-13]. Sanyl CyA Vvd was 3.4 fold
lower in the Poloxamer (P407) induced HL rat mdd&b, 142, 154] than in the
NL state. In contrast, in healthy volunteers, Hgihcontent meals cause decreases
in blood and plasma CyA concentrations comparetidee attained in the fasted
state [14]. CyA concentrations in heart and spldeareased whereas, kidney,
plasma, blood and liver showed higher levels in tdts after a single iv dose

[146]. Indeed, increased concentrations of drugrgens such as liver could be
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due to a combination of increased lipoprotein-cioimg drug particles, an
increase in drug uptake mediated by transportdepr® or to a decrease in drug
metabolism. It has been reported that CyA bindsemvath LDL particles in HL
rat plasma. The binding of drug to the plasma liptgins facilitates uptake of
LDL-bound CyA by hepatic and extra-hepatic LDL netmes, perhaps explaining
these findings. The increased transport of CyA dobk associated with
lipoproteins across cell membranes through theomadf lipoprotein receptors.
Thus, the effect of LDL-R mediated transport fasttrug is more important and
outweighs the decrease in fu and the down regulaiidhe enzymes, leading to a
net increase in metabolism and CL of the drug in btate. Furthermore,

lipoprotein receptors in turn may be up or downdtated by HL.

AM is a highly lipophilic class Il antiarrhythmidrug used in the treatment of
life-threatening ventricular and supraventriculathgthmias[164]. A moderately
hepatically extracted drug, it showed 23-fold lowét in the Poloxamer 407
(P407)-induced HL rat model, [135, 142, 154] angh8icantly higher plasma,
heart, spleen, and liver concentrations and lowerg, kidney, and brain
concentrations in rat post iv AM dosing [160]. Addadministered with high fat
meals caused greater increases in AM concentrat@npared to its active
metabolite desethylamiodarone (DEA) in healthy ealg[165]. Similarly,

racemic HF was also shown to exhibit stereoselectigcreases in Vd of its
enantiomers in HL animals [136, 166]. The (+)-HFamtiomer increased in

plasma, liver, lung and spleen and decreased irt bé&lL rat after a single iv
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dose of HF racemate [148]; however, the (-)-enamtioconcentration increased
in plasma, lung, and spleen and decreased in bralrkidney in the same animal

model [148].

In the HL section, we will describe our purposertitially examine the influence
of HL and the role of LDLr on CyA uptake by usingeshly isolated rat
hepatocytes. The primary cultured hepatocyte misdeluseful tool with which to
investigate drug uptake and metabolism, changelug metabolizing enzymes
and transporter protein expressions, and the sagen cytotoxic and genotoxic
compounds [167]. We used the antihyperlipidemicgdréenofibrate (FF) and
atorvastatin (Atv) (5uM) as probes. These two dragsthought to increase the
expression of LDLr, which then are hypothesizethtwease CyA uptake into the
cells when bound to LDL particles in serum. In &ddi, further investigations
have been done on the effect of serum lipoproteintlee hepatic mMRNA
expression levels of some relevant transporteeprstand metabolizing enzymes
involved in the hepatic uptake and metabolism o tlinically important
lipoprotein-bound drugs CyA and AM in the HL statsing primary rat

hepatocytes.
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1.3. Rationale

One of the most challenging aspects of CMS is wstdeding the cellular
mechanisms that link the metabolic abnormalitiethwhe pathophysiological
effects that lead to disease symptoms. Mechanlistis@rong links between
obesity and insulin resistance, diabetes, and o#ispects of CMS such as,
dyslipidemia, have been proposed. Visceral obesityich is characterized by
excess fat storage in and around the abdomeng igritme cause of the metabolic
abnormalities, and therefore represents an impottget in the treatment of
CMS. Unfortunately, obese subjects are often exadudom clinical trials during
the drug development process and, as a resultmateon regarding the impact of
obesity on the PK and PD of the majority of drugsnains limited. A clear
understanding of the effect of disease states aig diisposition can help to

explain variability in response to drug therapy.

Bariatric surgery is recommended and consideredntbst suitable treatment
option for morbidly obese patients in whom otheatalily or medical weight loss
modalities have failed [42]. Bariatric surgery awshl@s not only significant,
sustainable weight loss, but has also been showmndace resolution or
improvement in CVD risk factors, including diabetekypertension and
dyslipidemia [45, 46]. The RYGB procedures are ntmshmon used, accounting
for more than 80 % of all bariatric surgical prooests [48]. Currently there are no
consensus guidelines for dosing of drugs to thesemts, and there is some
uncertainty regarding the prediction of how bartasurgery may influence the

PK of specific drugs [58]. In RYGB bypassing thersaich and much of the small
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intestine could lead to changes in drug PK. Reskmties have shown contrasting
results, with only 17 medications plus ethanol ®ddA strong association exists
between obesity and inflammatory cytokines [107]be€ity, specifically
abdominal or visceral obesity, leads to high lewvaismost pro-inflammatory
biomarkers. Previous studies have followed the ghanin proinflammatory

cytokines, but only up to one year after RYGB.

AZ is an azalide antibiotic commonly prescribedadsst line monotherapy agent
for milder CAP [112, 122]. No information is presen the literature about AZ
PK in the obese population and post RYGB surge@/.dasing can be crucial to
the achievement of maximum safety and effectiven€kas, if the antibiotic is
not optimally absorbed, the ramifications of treatmfailure for infections such
as CAP could be severe and may pose a significsitim terms of respiratory

complications or death.

There is a strong correlation between dyslipideamd abdominal obesity [6]. HL
has been identified as a major risk factor of C\) 33-35]. HL is associated
with chronic intrinsically elevated LP levels anttieases in drug binding to the
LP fraction [134-136,154,155, 161]. For drugs thiad to lower density LP, this
could mean an increase in the drug unbound fractuath an increase in Vd and
possibly an increase in CL. For the highly LP-bowltdgs AM, HF and CyA,

concentrations in the liver of HL subjects wererfduo be significantly higher
than in NL controls [146,148, 149]. The contributiof the LP receptors to the
transport of LP-bound drugs into liver is clinigalielevant and can possibly

explain why liver concentrations for these drugs laigh in the HL state. Results
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are conflicting and unclear, but the binding aftfirof the drug to the LP fraction,
the type of LP fraction the drug is bound to and #&xpression, regulation and
type of LDL-R in tissues are all factors affectingch transport. HL can also
modify drug effects by altering the tissue uptakedougs facilitated by LP
receptors and/or other drug transport proteins @abolizing enzymes. There are
limited data in literature regarding on the effeft HL on hepatic mRNA

expressions.

1.4. Hypotheses

1. An alternative simple, selective and rapid LC-MSasfor AZ can be
developed with properties of high sensitivity angedficity with
suitability for assaying the drug in human plasmaagles.

2. AZ absorption will be altered and increased in eb&sbjects compared to
lean subjects.

3. Cumulative 24-hour AZ plasma concentrations willrbduced following
RYGB surgery.

4. Pro-inflammatory cytokines (leptin and IL-6) willebhigher in obese
patients and will return to normal level 25 monplast RYGB surgery

5. Hyperlipidemia will down regulate the hepatic pintenNRNA expression
of drug metabolizing enzymes and membrane tranggagptoteins

6. CyA hepatic uptake will increase when bound to Lpdrticles in serum

mediated by LDLr.
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1.5. Objectives

To address our hypotheses, the specific aims of shproject:

1. To develop a simple, selective, rapid and valid MS-method for the
determination of AZ in human plasma using a ligudgid extraction
technique and C18 column.

2. Using the LC-MS method to determine whether AZ Pdfameters are
altered in obese volunteers compared to healthydahjects.

3. Using the LC-MS method to determine whether gadiyipass (RYGB)
results in clinically significant reductions in Agbsorption.

4. To examine the effect of weight loss and changegiomarkers of
inflammation (leptin and IL-6) 25 after months o¥&B and in morbidly
matched obese individuals

5. To assess the effect of serum LPs on the gene ssipreof hepatic
metabolizing enzymes (CYP3A2, CYP2C11, CYP2D1 aidPTAl), LP
receptors (LDLr, VLDLr), and transporter protein©ATP2Bland
MDRZ1A) using primary cultured rat hepatocytes.

6. To assess the role of LDLr on CyA hepatic uptakegiprimary cultured

rat hepatocytes.
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2. Experimental
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2.1. Materials

AZ (> 95%; MW =749) and imipramine HCI| (> 97%; MW824) were

purchased from Sigma Aldrich (St. Louis, MO, USA)iethyl ether (HPLC

grade) was obtained from Fisher Scientific (Faiwha NJ, USA). Methanol,
water, ammonium acetate and ammonium hydroxide HRILC grade) were
purchased from Caledon Laboratories Ltd (Georgetés, Canada). ). Enzyme
linked immune sorbent assay kits (high sensitifatyleptin and IL-6) were from

R&D Systems (Minneapolis, MN).

Rat normolipidemic (NL) serum was purchased fromolrative Research (Novi,
MI, USA). AM HCI, poloxamer 407, heat inactivatedw born fetal calf serum,
fetal bovine serum, recombinant human insulin, HERBdium salt, collagenase,
trypsin inhibitor, percoll and collagen from ratiltaand trypan blue solution
(0.4%) were obtained from Sigma Aldrich (St.Low4p, USA). Heparin sodium
injection, 1000 and 10,000 U/mL, was purchased fi@n Pharma, Thornhill,
ON, Canada), and dexamethasone sodium phosphatgion, USP from Sabex
(Boucherville, QC, Canada). Normal saline sodiuntoette (9 mg/mL) was
obtained from Hospira Healthcare Corporation (Mealtr QC, Canada).
Isoflurane USP was purchased from Halocarbon PtedGorporation (River
Edge, NJ). 3-(4, 5-dimethylthiazol-2-yl)-2, 5- detyl tetrazolium bromide
(MTT) was purchased from Sigma Aldrich (St.LouispMJSA). For assay of
lactate dehydrogenase from cells, a kit was usedof@xic-ONE™, Promega,
and Madison WI). Calcium chloride and magnesiunplsate were obtained from

Fisher Scientific (Fair Lawn, NJ, USA). Penicillstreptomycin, dexamethasone
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phosphate, Dulbecco’s Modified Eagle Medium (DMEM)d RIizol reagent was
purchased from Invitrogen Corporation (Carlsbad,, @/SA). High capacity
complementary DNA (cDNA) Reverse Transcription Kaad 96-well optical
reaction plates with optical adhesive films werercpased from Applied
Biosystems (Foster City, CA, USA). SYBR Green Sugex was purchased from
Applied Biosystems (Warrington, UK). Real time P@Rmers were synthesized
and supplied by Integrated DNA Technologies, I'@org@lville, IA, USA) based

on previously published sequences in the literaftiable 2).

2.2. Methods

2.2.1. Development of analytical method for AZ usig Liquid
Chromatography-Mass Spectrometry (LC-MS)

2.2.1.1. Chromatographic Conditions

The LC-MS analyses were performed using a singledmipole system
comprising a Waters Micromass ZQ™ 4000 spectronegjaipped with electron
spray ionization (ESI) source coupled to a Watet852pump and autosampler
(Milford, MA, USA). The instrument was operated positive ion and selected
ion recording (SIR) acquisition modes. The ion$iagd for quantification of AZ
were m/z 749.6 (M+H) and the major fragment, m/z 591.4. For the interna
standard (IS), imipramine, 281.1 m/z was used t@ngtation. Chromatographic
separation of AZ and IS was performed using a Kxe{B-C18 (Phenomenex,

Torrance, CA, USA) column (2.6m particle size, dimensions 2.1x50 mm) at
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room temperature. The mobile phase consisted 06:8257(v/v) mixture of
methanol: 0.2 % ammonium hydroxide and 0.1 % amuaoronacetate in water,
pumped isocratically at 0.2 mL/min. The other pagtensettings were gas source
temperature of 150°C, capillary voltage of 3.6 k\aone voltages set at 30 and
20 V for the drug and IS, respectively. The injestvolume was 1@QL and gas
flow of desolvation and cone gas flow were set% &nd 110 L/h, respectively.

The desolvation temperature was 275°C.

2.2.1.2. Stock Solutions

A stock solution of 1 mg/mL AZ was prepared in naatbl. The IS was also
prepared as a stock solution of 0.1 mg/mL in meathaWarious working

concentrations of 0.1, 1, 10 and 1A§/mL were prepared for generation of
standard curves. An IS working solution of 1 pg/méas similarly prepared by
dilution of the stock solution with methanol. Theck solutions were stored at —

20°C.

2.2.1.3. Extraction Procedure

AZ was extracted from heparinized human plasmaguaione-step liquid-liquid
extraction step. A 5QL volume of IS working solution was added to 0.5 ofL
plasma. The samples were alkalinized withu20of 10 M NH,OH. The analytes
were extracted by adding 4 mL diethyl ether. Thatame was vortex mixed for
60 s and then centrifuged at 3000 g for 10 min.hEsgpernatant layer was

transferred into a clean glass tube and then estgabrto drynessn vacuo
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unheated. The residues were then reconstituted M8@uL of mobile phase. A

volume of 10uL was injected into the LC-MS system.

2.2.1.4. Solvent Extraction Recovery

Recoveries were determined with AZ concentratiadnSOoand 500 ng/mL, using
six replicates for each concentration. The extoacéfficiency was determined by
comparing the extracted peak heights of analysamples to the peak heights of
the same amounts of analyte directly injected itite instrument without

extraction.

2.2.1.5. Calibration, Accuracy and Validation

Using appropriate dilutions of the working solusowith methanol, samples for
calibration curves were freshly prepared to provdeconcentrations of 10, 50,
100, 250, 500 and 1000 ng/mL; each tube also awedalS as described above
under extraction procedure. For constructing thwes) data were weighted by a

factor of concentratich

For validation assessment, concentrations werectedleat 10, 50, 100, 500
ng/mL. Three days of assessment were undertakénreplicates of six samples
per selected concentration. From this, estimatesintdrday accuracy and
precision were made. For each daily run, a setatibration samples separate
from the validation samples were prepared to pegudntification of the peak

height ratios of AZ in the validation samples. B®n and accuracy were
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assessed using the coefficient of variation (CV &b)d percentage error,

respectively.

2.2.1.6. Assessment of Matrix Effect

To determine the effect of plasma on the proceserozation of the analytes the
postextraction spike method proposed by Matuszewskalet(Matuszewski,
2006; Matuszewski et al., 2003) was utilized. Byiefinalytefree plasma (0.5
mL per tube) or HPLC water was extracted usingpifteedure described above.
The supernatant residues were transferred to ¢ldzes and dried as described
above. Thereafter, to each dried and extractedduesiwas added sufficient
analyte from stock solution to provide AZ concetitnas of 10, 50, 100 or 500
ng/mL, or IS (1000 ng/mL) in 130 pL of total volunper tube. A total of 6
replicates per concentration of AZ, or IS, wereduk® each of the plasma and
water extracts. The samples were injected intdLtbeViS and responses of peak
height m/z recorded at the retention times reflecdof each analyte (AZ or IS).
The responses of the analytes in the plasordaining extracts were compared

with those of the matrix samples extracted fromemnat

2.2.2. Applicability of the Assay

To demonstrate applicability, the method was useadktermine AZ concentration
in plasma samples from 14 obese women (mean agea4 and BMI of 36.4),
after oral administration of 500 mg AZ as a tabliese subjects were matched

to a treatment group that received RYGB surgergoBIAZ levels were sampled
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for up to 24 hours after a single dose. The studyg performed in the University
of Alberta Hospital Clinical Investigation Unit irollaboration with other

investigators, led by Dr. Raj Padwal. It was appbby the University of Alberta
Health Research Ethics office, with informed wntteonsent requested from
patients. After dosing, the blood samples werertaged for 10 min and plasma

separated and frozen at -@until assayed.

2.2.3. ELISA Assay

Fasting plasma samples (pre-dose samples) wergeds§@m the 28 patients
enrolled in the AZ ABSORB study (14 obese volundeand 14 patients who
underwent the RYGB surgery; see the method, apgplitaof assay section)
[14]. Fasting plasma concentrations of leptin ahéb Iwere determined using
enzyme linked immunosorbent assay kits (high sertgitfor IL-6) from R&D
Systems (Minneapolis, MN). All samples were meagun duplicate, and the
average of the 2 values was used for data anal$sesples with values greater
than the maximal detection limit were diluted ardmalyzed. The assay employs
the quantitative sandwich enzyme immunoassay tqaeni Monoclonal
antibodies specific for leptin and IL-6 have beercpated onto a micro plate.
Standards and samples are pipetted into the wadlaay leptin or IL-6 present is
bound by the immobilized antibody. After washing agwany unbound
substances, an enzyme-linked polyclonal antibo@ygifip for leptin or IL-6 was
added to the wells. Following a wash to remove anlyound antibody-enzyme

reagent, a substance solution is added to the veits color develops in
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proportion to the amount of leptin or IL-6 boundtime initial step. The color
development is stopped and the intensity of theorcid measured using a
microplate reader capable of measuring absorbant®0anm, with the correction

wavelength set at 570 nm.

2.2.4. Determine the effect of rat serum on hepatianRNA

expression using primary rat hepatocytesn vitro

2.2.4.1. Animals and Ethics

The protocols involving animals were approved bg thniversity of Alberta

Health Sciences Animal care and use Committee (AC3Prague-Dawley rats
(Charles River, QC, Canada) were used for the esuavith body weight ranging
from 250-350 g. The animals were housed in temperatontrolled rooms with
12 h light per day and were fed standard rodentvcbontaining 4.5% fat (Lab
Diet® 5001, PMI nutrition LLC, Brentwood, USA). Freecass to food and water

was permitted prior to experimentation.

2.2.4.2. Collection of NL and HL serum

Rats were administered either single intraperitbdeaes of saline (NL rats) or 1
g/kg P407 (HL rats) in saline (0.13 g/ml) [168, 16Bhis dose of P407 is known
to lead to major increases (up to 40 to 90-folchary in triglyceride and CHOL

plasma concentrations [136,148, 161]. The rats wkosved free access to water
and food for 36 h. Then, while the rats were uraleesthesia with isoflurane,

blood was collected from NL and HL rats by card@encture followed by
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collection in unheparinized glass test tubes. Imately, the blood was kept at
4°C for 30 min to allow for blood cells to clot anlien centrifuged for 10 min at
2500 g and the supernatant serum layer was calleuntd stored at -20°C until

used.

2.2.4.3. Hepatocytes

2.2.4.3.1. Hepatocyte Medium preparation

DME medium with additives was prepared by addingpX6tal bovine serum, 1%
penicillin/streptomycin antibiotic (10 pug/ml), @M insulin, and dexamethasone
(50ng/ml) to 500 mL medium. The pH was adjusted.tbusing 10 N HCI or 10
N NaOH before adding insulin and penicillin/strapein antibiotic and DME
medium was filtered through bottle top filters aftehich fetal calf serum was

added.

2.2.4.3.2. Preparation of perfusion solutions

Perfusion solutions for the isolation of hepatosyieere prepared as previously
described [170, 171]. Briefly, stock solutions of fprepared with 115 mM
sodium chloride, 5 mM potassium chloride and 1 mbtapsium dihydrogen
phosphate in 500 mL of water),A25 mM Hepes sodium salt dissolved in 100
mL of deionized water), A(0.5 mM ethylene glycol tetra acetic acid (EGTA)
dissolved in 50 mL of deionized water plus 1 criysfdNaOH to dissolve EGTA),
1 mM calcium chloride solution and 1.2 mM magnesisutphate solution, were

prepared one day before the experiment. On theoflagxperiment, the fresh
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working solutions A*, A, B and C were prepared wépropriate proportions of
stock solutions as follows: Solution A* was preghrby mixing 100 mL of

solution Al, 100 mL of solution A2, 0.8 g of glueoand 0.8 mL of heparin in a
final volume made up with 500 mL of autoclaved waSolution A was prepared
by mixing 250 mL of solution A* and 50 mL of solati A3 and completed to 400
mL with autoclaved water. Solution B was preparagd nbixing 203 mL of

solution A*, 325 uL of 1 mM calcium chloride, 1624 of trypsin inhibitor and

162.5 mg of collagenase (collagenase was addedbgifstire perfusion) and
completed to 325 mL with autoclaved water. Solutrtonsisted of 25 mL of
solution B supplemented with 100 pL of 1.2 mM meguam sulphate and 75 mL
of DME medium. All the solutions were adjusted té p.4 (by using 10 N HC1

or 10 N NaOH) and filtered through a 22 pm membuana to use.

2.2.4.3.3. Isolation of rat hepatocytes

Isolation and preparation of the hepatocytes wasraplished using a two-step
liver perfusion method described previously [17Biefly, on the day of

experiment, a midline laparatomy was performed vmstdlurane anaesthesia for
the cannulation of the portal vein and the suprahepnferior vena cava. During
the course of experiment, all tubing and solutiarese maintained at 37°C and
saturated with 95 % £ Following the cannulation, solution A was perfdise
through the portal vein into the liver at a flontgaf 35 mL/min for 8-10 min

using a peristaltic pump till all the blood was .datmediately after the perfusion

of solution A, the pump was switched to solutiowih a flow rate of 30 mL/min
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for 10-15 min until the liver appeared completelprithed and softened. The
liver was externally washed with normal saline (%%odium chloride solution)
during the entire period of isolation. After pefifus with solution B, the liver was
carefully excised and placed in a Petri dish comagi 100 mL of solution C and
the capsule was stripped away from one side ofitke and cells dissociated by

brushing the liver with a plastic comb.

The cells were then filtered through cotton filiato a funnel and kept in a
shaking water bath for 5 min at 37°C and suppleseniith 95 % Q with gentle
shaking. After 5 min incubation, the cell suspensias filtered again through a
100 pm filter into 50mL sterile cell culture plastiubes (VWR International,
Mississauga, ON, Canada) and placed on ice untilag 4° C. Thereafter, the
cells were centrifuged at 1000 rpm for 5 min atCGland the supernatant was
aspirated and cells were resuspended in the DMBumedadditive-free). This
step was repeated twice, after which the superhatas aspirated and the cells
were suspended in DME medium. This cell suspensias added to the Percoll
gradient (prepared by adding 6.75 mL of 2X phospimatffered saline, 8.25 mL
of Ix phosphate-buffered saline and 10 mL of Péyamhd centrifuged at 4000
rom for 10 min at 4° C. Finally, the supernatantsvespirated and cells were
resuspended in DME medium containing additives thedcells were adjusted to

0.5 million/mL.
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2.2.4.3.4. Preparation of primary cultures

The hepatocytes were seeded on a 6 or 24 welliplestture plates (VWR
International: Mississauga, ON, Canada) precoatiéd eollagen (50 pg/mL) on
the day before the experiment. Collagen stock ®wlutwas prepared by
dissolving 25 mg collagen in 12.5 mL of 100 pL &cecid in 87 mL of
autoclaved water. Out of this 1 mL of collagen kte@s diluted to 40 mL with
100 pL acetic acid in 87 mL of autoclaved water anohL was added to each
well of 6 well plates. After viability assessmeritse cell suspension was diluted
to 0.5 million/mL with DME medium containing 10 %t&l bovine serum and
penicillin/streptomycin antibiotic (1 %). 1 mL cefluspension containing 0.5
million cells was added per well and the platesenecubated for 6 h at 37°C in a
humidifier with 95 % Q and 5 % CQ@ After 6 h, medium containing the dead

cells was removed and the medium was changed.

2.2.4.4. Determining hepatocyte viability

After isolation of hepatocytes, the cell viabilityas determined by using the
trypan blue exclusion method. For this purposeb®f cell suspension in DME
media with additives was added to 50 pL of 0.2%adryblue solution after which
the cells were counted in 16 microscopic squarks.viable cells were expressed
as million/mL, excluding the dead cells. To ass#ss effect of time and
treatments on hepatocyte viability, both MTT and H.Dests were used as

described previously [172].
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2.2.4.4.1. MTT assay

The assay measures the reduction of MTT into indelblue coloured formazan
crystals by the action of mitochondrial succinagédybirogenase enzyme present
in the viable cells. Briefly, freshly isolated fa¢patocytes were kept in complete
medium for 36 h in presence of 10 % FBS. For LP andg treatments,
hepatocytes were treated for 24 h in the preseh8&eoo 10 % NL/HL rat serum
or 5uM antihyperlipidemic drugs (Atv or FF). Theftea, after 24, 36 h of
incubation, the cell viability was measured with M&assay. First, the medium
was removed and replaced with cell culture mediumtaining 1.2 mM MTT
dissolved in phosphate-buffered saline (PBS) (p#). 7After 2 h of incubation,
the formed crystals were dissolved in isopropaiibke intensity of the color in
each well was measured at a wavelength of 550 nng uke Bio-Tek EL 312e
96-well microplate reader (Bio-Tek Instruments, Wdoski, VT, USA). The
percentage of cell viability was calculated relatte control wells and designated
as 100 % viable cells. Three independent experisneete performed (3 rats and

n of 8 for group).

2.2.4.4.2. Lactate dehydrogenase (LDH) leakage agsa

The effects of lipoproteins and antihyperlipiderdizigs on the integrity of cell
membranes were determined flurometically by assgstie leakage of LDH
from the cytoplasm of damaged cell membrane in¢ostirrounding culture media
using Cyto-Tox-ONE kit (Promega, Madison, WI, USR}yimary rat hepatocytes

were treated for 24 h in a 96-well cell culturetelaith tested compounds, 10 %
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NL or HL rat serum or with 5 uM of the antihypertipmic drugs Atv or FF.

LDH release was measured with a 10-min coupledreafg assay that results in
the conversion of resazurin into florescent resarcfhe fluorescence produced
was then recorded with an excitation wavelengttb®@ nm and an emission
wavelength of 590 nm according to manufacturergructions (Promega). The
amount of fluorescence produced is proportionathi®s number of cells with a
damaged membrane. The extent of LDH leakage wasuletéd relative to

controls designated as 100 %. Triplicate reactiongach experiment and three

independent experiments were performed (3 ratsafd for group).

2.2.4.5. Lipoproteins treatments

Hepatocytes isolated from rats were divided int@éhmain groups: (1) Control
group containing 10 % FBS in media (no rat serums a@ded). (2) Incubated in
the presence of 5 % NL rat serum. (3) Incubateth@épresence of 5 % HL rat
serum. The hepatocytes were preincubated for 24 87 °C. Thereatfter, the

medium containing serum was removed, and total RMA isolated.

2.2.4.6. RNA Extraction and cDNA Synthesis

Total RNA was isolated using TRIzol reagent (Inwgjen) according to the
manufacturer’s instructions and quantified by meaguthe absorbance at 260
nm. The quality of the isolated RNA was determitgdmeasuring the 260/280
ratio. Thereafter, first strand cDNA was synthediaising the High-Capacity

cDNA reverse transcription kit (Applied Biosystentspster City, CA, USA)
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according to the manufacturer’s instructions. tyjel xg of total RNA from
each sample was added to a mix of A.f 10x reverse transcriptase buffer, 0.8
uL of 25x dNTP mix (100 mM), 2.Q:.L of 10x reverse transcriptase random
primers, 1.QuL of MultiScribe reverse transcriptase, and @L.2of nuclease-free
water. The final reaction mix was kept at@3or 10 min, heated to 3Z for 120

min, heated for 85C for 5 seconds, and finally cooled t&€4

2.2.4.7. Quantification by Real-Time PCR

Quantitative analysis of specific mMRNA expressicasvwperformed by real-time
PCR by subjecting the resulting cDNA to PCR amgdifion in 96-well optical
reaction plates using the ABI Prism 7500 Systemp(i#p Biosystems, Foster
City, CA, USA). The 25ul reaction mix contained 0.l of 10 uM forward
primers, 0.1ul of 10 uM reverse primer, 12.l of SYBR Green (Applied
Biosystems, Warrington, UK), Universal Mastermixdall.05ul of nuclease-
free water and 1.25l of cDNA sample. The primers used in the currendg
were chosen from previously published studies amdliated in Table 2. No-
template controls were incorporated to test for ¢batamination of any assay
reagents. After sealing the plate with an optictiesive cover, the thermocycling
conditions were initiated at 9% for 10 min, followed by 40 PCR cycles of
denaturation at 9% for 15 s and annealing/extension at@Gor 1 min. Melting
curve (dissociation stage) was performed by theadrehch cycle to confirm the

specificity of the primers and the purity of thedl PCR product.
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Table 2: Primer sequences used for real-time PCRs

Genes Forward primers Reverse primers
CYP3A2 GCT CTT GAT GCATGG TTA AAG ATT TG ATC ACAGAC CTT GCC AACTCCTT
CYP2C11 CACCAGCTATCAGTGGATTTGG GTCTGCCCTTTGCACAGGAA
CYP1A1 CCAAACGAGTTCCGGCCT TGCCCAAACCAAAGAGAATGA
CYP2D1 GGTCATTTGTCTTTGGGAGCC GCAAGGATCACACCTTGGGA
LDLr CAACGGTGGCTGCCAGTAC GAACTTGGGTGAGTGGGCAC
VLDLr CGAGGTCAACTGTCCTTCTCG TGCCATGGATACAGCTACCG
MDR1A/B GACAGGACATCAGGACCATCAAT GACGTTTTCTCGGCCATAGC
OATP1B2 CTCACCCCTCTACCTGGGAAT TGAGGCTACCCAGCCCATAG
GAPDH CAAGGTCATCCATGACAACTTTG GGGCCATCCACAGTCTTCTG
18S GCCGCTAGAGGTGAAATTCTTG CTTTCGCTCTGGTCCGTCTT

2.2.4.8. Real-time PCR data analysis

The real time-PCR data were analyzed using thévelgene expressiorAACT)

method as described previously [173]. Briefly, thega are presented as the fold
change in gene expression normalized to the endogereference gene and
relative to a calibrator. Glyceraldehyde-3-phosphdéhydrogenase (GAPDH)
and 18S ribosomal RNA (18S) were used as the emdogecontrol and the

control group (10 % fetal bovine serum, no lipopnos were added) was used as

the calibrator when the change of gene expressidrPl was being studied.
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2.2.5. Role of low density lipoprotein receptor (LDr) in CyA

hepatic uptake using primary rat hepatocytes

2.2.5.1. Cyclosporine Uptake Study

Drug uptake studies were conducted to study the edILDLr in CyA hepatic
uptake. Hepatocytes isolated from NL rats wereddigli into two main groups:
pre-incubated group and coincubated serum groug-infeubated groups were
subdivided into four main groups: 1.) Incubatedhwlid0 % normolipidemic rat
serum. 2.) Incubated with 10 % hyperlipidemic satum. 3.) Incubated with 5
MM Atv in 10 % NL rat serum 4.) Incubated with 5 |H# in 10 % NL rat serum
subgroups. Hepatocytes were preincubated for 243 &C. Thereafter, medium
containing rat serum or drugs was removed andneat was initiated with drug
incubated with rat serum medium. For the rat secamcubation groups, CyA
was preincubated with NL and HL rat serum for 1t I8a°C in a shaking water
bath. This was carried out to promote the associabf CyA with serum
lipoproteins. This preincubated mixture of drug aedum was further diluted to 2
% in medium and added to the wells containing hepaes. Thereafter, the entire
media from the wells were dumped and the amourtro§ accumulated inside
the cells at different time points [ 0, 0.08, 0.2% and 1 h ] was measured (n of 6
wells for each time point for three independent ezkpents using primary
hepatocytes from three rats). For each time pogits were washed twice with
500 pLof ice cold PBS 1X. Then, volumes of 20 pL of meiha80 puL of 1N

NaOH and 300 pL HPLC water were added to the waitents. Then, the wall
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contents were transferred and collected into Epperidbes and frozen at -20°C

until the LC-MS analysis was performed for the Qgfaining.

2.2.5.2. Assaying the hepatocyte samples for CyArtent

A validated LC-MS method was used for the analg§i€yA in hepatocytes with
a modification regarding IS concentration [174]] Adst and standard samples
were extracted with ether: methanol liquid exti@ectmethod. Briefly, 40 puL (10
pg/mL) of AM IS was added to the samples beforeekteaction. CyA and IS
were extracted by adding 4 mL diethyl-ether. Alingdes were vortex mixed for
60 seconds, centrifuged at 2500 g for 10 min, dme drganic layers were
transferred to clean tubes and dried under vacUima.calibration samples were
prepared by spiking the desired amount of each wgrétandard solution of CyA
to 0.25 million/0.5ml of analyte-free cells in DMEMIith additives followed by
the addition of solvents. The extraction was pentedl as mentioned previously.
Standard curves were highly lineaf € 0.999), and in all analytical runs, quality
control samples were included to verify the prerisiand accuracy of the
measures. Drug-free hepatocyte cells from NL ragsewspiked with known
amounts of CyA and used for the construction afidéad curves. Standard curve
samples of 0, 50, 100, 250, 500 and 1000 ng/mL emtnations of known
amounts of CyA were prepared in both blank cellrro@$ and the concentrations
of drug which were accumulated inside the cellsswaeasured using peak height

ratios. Using LC-MS the amount of CyA present wakedmined.
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2.2.6. Statistical and Data analysis

2.2.6.1. Pharmacokinetic studies

Analyses were performed using Microsoft Excel® @fen 2010, Microsoft

Corp.), and InStat® (Version 3.1a, GraphPad Softw&an Diego, CA). Non-
compartmental analysis was used for calculatiorPléf parameters. The linear
trapezoidal rule was used to calculate the AUC fthentime of dosing to the 24 h
concentration. The maximal concentration (Cmax) #mel time to achieve it
(Tmax) were determined by visual inspection ofdata. Dose-normalized AYC

24 levels were calculated in each patient by dividing AUG..4 by the dose/kg.

Between-group differences in the arithmetic meansoatinuous variables were
analyzed using unpaired t-tests. Mann-Whitney blkstevere used if t-test
assumptions were violated. Two tailed p-valuessveensidered significant at the

0.05 thresholdy was set at less than 0.05.

2.2.6.2. Pro-inflammatory Marker Concentrations

The data were reported as mean + SD and were tistathtistical significance
using the unpaired Student's t-test. The resultse wednsidered statistically

significant when p < 0.05. Data analysis was pengd using Sigma Plot 12.

2.2.6.3. Hepatocytes

The gene expression data was assessed withoutalogfdrmation; if normality
was present the data were analyzed using one-vadysisof variance (ANOVA)

followed by Duncan’s Multiple Range Test. Non-notmdata was analyzed using
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a Kruskal Wallis one-way ANOVA followed by Dunn’s atihod of pairwise
multiple comparison procedure. Data are presergadean+SD unless indicated;

for all comparisonsy was set at 0.05.

For the CyA uptake study, the corresponding AUCarfcentration versus time in
the wells after incubation with CyA was calculatétie AUC of percent of CyA
accumulated versus time in cultured primary ragatecytes was also calculated
using the linear trapezoidal rule from the timeaofding the drug to the last
measured time point up to 60 min. Data are predeat mean * standard
deviation of the mean of three independent experisnén of 6 in each group).
Data analysis was performed using Sigma Plot 12. €&ach time point,
comparisons across group’s analysis were done usirmme-way analysis of
variance followed by Duncawor Dunn’s post hoc comparison. The Bailer’s
method of assessing for significance of comparidoetsveen AUC values was
used with Bonferroni correction; analysis of vadarfollowed by Dunn’s post-
hoc test was used to assess the significance fefelices between means of the
treatment groups at each time point; for all congoaus, results were considered

statistically significant when P < 0.05.
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3. Results
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3.1. Development of analytical method for azithromgin using
Liquid Chromatography-Mass Spectrometry (LC-MS)

3.1.1. LC-MS chromatograms

The chromatographic retention times were 6.9 mirAi and 3.4 min for IS. The
total analytical run time of this method was 9 mifhe method provided
specificity, with baseline resolution of IS and Ahd a lack of interference
between endogenous components and the analytes€R3y The molecular ions
of AZ and IS were represented by peaks with m/z48.6 (M+H)" and m/z 591.4

(fragment) as the monitored ions for AZ, and 281/1 for IS (Figure 4).
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Figure 3. Selective ion chromatogram (SIR) of AZ and imipraei(lS). (A)
Blank human plasma, (B) Test human plasma samtde ah oral administration
of a 500 mg AZ tablet and spiked with IS
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Figure 4. Mass spectra and chemical structures of AZ (uppeel), and the
IS, imipramine (lower panel)
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3.1.2. Solvent Recovery, Assay Linearity, and Matxi Effect

The mean recoveries for 50 and 500 ng/mL AZ and)/injL IS from the plasma
were 75.9, 77.5% and 94.7 %, respectively. Thergewexcellent linear
relationships r>0.999) noted between the peak height ratios ofdilug to IS
and AZ concentrations over the range of 10-100énhddased on 0.5 mL human
plasma. The calibration curves had typical regoessiquations of y=0.0007x-
0.0021, where vy is the peak height ratio of AZ $odnd x is the concentration
curve parameters. Regarding the matrix effect,ethveas no significant matrix
effect on the ionization of either AZ or IS. Thesassment of matrix effect
showed a small negative influence of the matrixreeasurement of the analytes.
AZ peak heights were reduced by mean values of 8f#tealowest concentration
(10 ng/mL), but less than 1% at higher concentnatiolhe IS peak height was

reduced by 6% by matrix components.

3.1.3. Precision, Accuracy & Validation

CV values of intra-and inter-day assessments vem®than 11% and mean inter-
day error was less than 6% (Table 3). Based onntee- and intra-day CV and
mean error, it could be determined that the lowmit lof quantitation (LLQ) of

AZ was 10 ng/mL based on 0.5 mL of human plasma.
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Table 3: Three-day validation data for the

assay of azitty@m in human

plasma, n=6
Intraday precision Interday precision
Nominal
Conc. Mean + SD (intraday CV %) Meant SD, | CV% error %
ng/mL ng/mL
10 9.68+ 0.99 9.33+ 0.83 9.52+0.78 9.51+ 0.86 9.11 --5.17
(10.22) (8.89) (8.19)
50 53.641+ 4.65 49.61# 3.70 54.67+ 4.39 52.64% 4.25 8.07 4.85
(8.66) (7.47) (8.02)
100 89.14+ 8.28 110.19+ 6.79 111.17+5.88 103.50# 6.99 6.75 2.37
(9.28) (6.17) (5.29)
500 458.68+ 485.45+ 40.41 52415 1.30 489.55¢+ 8.30 —2.44
30.68 (8.32) (9.78) 40.63
(6.57)

3.2. Applicability of the Assay

Compared to published literature data from leanjesib [115, 132, 175] (Table
4) , the mean AUg,4in our obese subjects was slightly lower with arrage +
SD of 2.07+ 0.75 p/mL and ranging from 2.36 to 2.67 -hgnL for lean
subjects. Mean peak AZ concentrations were 0.3 @ our obese volunteers
compared to lean data ranging from 0.4 to 0.44nplg dnd were reached at 2.36
+0.99 h for obese subjects and ranged from 2 tdhd@ the lean control group.
The mean partial terminal phase half-life extendnogn 5 to 24 h post-dose was
10.57+2.5 h and oral clearance was 251.4+98 vs.td4£12 L/h mean range for
lean subjects. All AZ PK data for the comparisorrevextracted from published
literature studies on lean subjects [115, 132, 1Pxjure 5 shows the mean
concentration time profile for AZ in plasma of 1Bese female volunteers after

oral administration of a 500 mg immediate releasdet.
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Table 4: Azithromycin pharmacokinetics outcomes in obeseeptt and after
RYGB surgery.

Obese n=14 Bypass n=14 Lean Subjects
Variable Mean +SD Mean +SD | Mean® ,Reference
[115, 132, 175]
AUCq-24n(Hg- h/ml) 2.07+0.75 1.41+0.51* 2.36 -2.67
Dose-normalized 0.40 +0.13 0.27+0.12* NA
AUCoq.24n (g- hr/L)**
Cima (19 /ml) 0.36 +0.2 0.26+0.12 0.40-0.44
Tmas (h) 2.36 £1.17 2.14+0.99 2-2.8
CL/F (L/h) 251.45+98.3 382+192* 147-212
t5 (h) 10.57+2.5 10.7+3.1 NA

*Statistically significant compared to obese cohglto)up using Mann-Whitney U
test. ** AUCy.oannormalized for dose and body weight; partial terminal phase
half-life from 5 to 24h$ =range of mean. NA= not applicable.
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Figure 5. The 24-hour mean plasma AZ concentration versus profiles after
oral administration of a 500 mg AZ tablet to 14 &enobese subjects. The data
were reported as mean + SD.
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After RYGB surgery, our results indicated that @ie AZ mean concentrations
were lower in gastric bypass patients compared uo aontrol obese group
throughout the entire duration of sampling up toh2&€ompared to controls, the
AUC.24 was reduced in gastric bypass subjects by 32 % dasd-normalized

AUC.24wWas reduced by 33 % (Table 4, Figure 6). Peak AAmrtoncentrations
were 28 % lower in bypass subjects and were reaslgtly faster compared to
the control group. Compared to control obese stdyj¢lce mean partial terminal
phase half-life extending from 5 to 24 h post-dess 10.7 + 3.1 hvs. 10.57 £+ 2.5

h and oral clearance was 382 + 192 vs. 252 + 98dt/lean subjects.
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Figure 6. The 24-hour mean plasma AZ concentration versus frofile after
oral administration of 500 mg azithromycin to 14p8&YGB patients. The data
were reported as mean + SD.
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In addition, lipid levels had returned to the nolheael. Fasting total cholesterol
(TC) and triglyceride (TG) levels were significantleduced by 20% and 31%,
respectively. High density lipoproteins (HDL) lesalvere increased 11 %. The
bad lipid (LDL) CHOL levels were significantly loweby 32% in the bypass

group compared to obese matched subjects (Figure 7)
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Figure 7. Outcomes of plasma lipid profiles as a result afidiric surgery.
Asterisks show values which were significantly adte by the intervention.
*Statistically significant using unpaired Studenést.

64



3.3. Pro-inflammatory Cytokine levels in obese andost RYGB
patients

Mean leptin levels were higher at 25 month postajper follow-up compared
with the normal reference mean of 20.7, but witthie range of values expected
in normal subjects (3.9-77.3 ng/mL). In the surbigatients there were
significantly lower levels of leptin compared to esle control subjects. No
significant differences were found between the ebesntrol group and the

surgical group in the IL-6 concentrations at 25 thgvoint (Figure 8).
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Figure 8. Leptin and interleukin-6 plasma concentrationsgmSD) 25 months

after RYGB surgery. Pre-dose fasting samples wesayed using kits from R&D

Systems (Minneapolis, MN,USA). Data were compilesrf 28 subjects enrolled
in a recent trial [65]. Comparisons were made betwthe weight matched non-
surgical obese control and post-bariatric surgiadlents. Left panel (A), leptin,

Right panel (B), IL-6. *Statistically significansing unpaired Student t-test.
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3.4. Determine the effect of rat serum on hepatic RNA

expression using primary rat hepatocytes in vitro

3.4.1. MTT assay results

Compared to zero time point, no significant chamges observed in the cell
viability up to 36 h in the presence of 10 % FBS$owing that hepatocytes were

viable throughout the study with cell viability ofer 93 % (Figure 9, Table 5).
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Figure 9. Effect of time on cell viability in isolded rat hepatocytes.Freshly
isolated rat hepatocytes were kept for 36 h with9d@-BS. Cell viability was
determined using MTT assay. The data are preseasednean = standard
deviation of 3 independent experiments (3 ratsrantl8 for each time point).
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Table 5: The percentage of cell viability in isolated raphatocytes (up to 36 h
incubation with 10 % FBS).

Time % Cell Viability
Oh 100 %

24 h 95.5 %
36 h 93 %

To investigate the effect of rat serum on cell iligh hepatocytes were incubated
with 5% NL/HL rat serum and the viability was meaiiwith the MTT assay. In
rat serum-containing media, the loss of cell viapivas less than 8% over a 36 h
period. When rat serum was added, mean viabilitg similar to media (within
91-94%) with no significant difference being notedtween incubations with

either NL or HL rat serum (Figure 10, Table 6).

Table 6: Effect of lipoproteins on cell viability in isokad rat hepatocytes after 24
h incubation with 5 % NL/HL rat serum

Treatments % Cell Viability
Control (10 % FBS) 100 %
Control + 5% NL 93.84 %
Control + 5% HL 91.1 %
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Figure 10. Effect of lipoproteins on cell viability Freshly isolated rat

hepatocytes were treated for 24 h with 5 % NL eatish or 5 % HL rat serum. No
significant changes were observed in the cell litghin the presence of NL or

HL rat serum. Cell viability was determined usimg tMTT assay. The data are
presented as mean + standard deviation of 3 indigmerexperiments (3 rats and
n of 8 for each group).

3.4.2. Effect of rat serum on hepatic mMRNA expressn

In general, the addition of NL rat serum did noteeff the expression of the
MRNA examined, although it did cause some decréadeepatic mMRNA of
CYP3A2, CYP2D1 and OATP2B1. No effect was seen ba genes for

CYP2C11, CYP1A1L, LDLr, VLDLr or MDR1A (Figure 11 tb2 and Table 7).
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Table 7: The effect of rat serum on metabolizing enzymesteawasporting gene
expression by isolated rat hepatocytes. Data sharerthemean + SD based on
three independent experiments using hepatocytes Borats (6 replicates per

—

—

group).

Genes Control NL HL Ranking
CYP1Al 1.04+0.03 0.92+0.15 0.19+0.18 [A=B]>C
CYP3A2 1.03+£0.007 0.66+0.34 0.38+0.21 [A=B]>[B=C
CYP2C11 1.06+0.05 0.87+0.09 0.73+0.16 [A=B]>[B=C
CYP2D1 1.07+0.10 0.68+0.27 0.16+0.14 A>B>C
LDLr 1.00+0.01 0.97+0.12 0.52+0.16 [A=B]>C
VLDLr 1.06+0.04 1.04+0.10 0.33+0.22 [A=B]>C
MDR1A 1.05+0.03 0.89+0.11 0.24+0.12 [A=B]>C
OATP2B1 1.03+0.028 0.60+0.030 0.19+0.13 A>B>C

In contrast, compared to both rat serum-free maddNL rat serum incubations,

the addition of HL rat serum had significant dovegulating effects on the

hepatocyte mMRNA expressions of each of the gersesssd. The least amount of

down regulation was seen for CYP2C11, and the moosEYP2D1, CYP1Al and

OATP2B1 (Figure 11 to 12 and Table 7).
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Figure 11. Effect of lipoproteins on metabolizing enzyme mRMNRpression in
isolated rat hepatocytes. Freshly isolated rat toegtes were treated with 5 %
NL rat serum or 5 % HL rat serum for 24 h. (A) C¥23 (B) CYP2C11,(C)
CYP1Al and (D) CYP2D1 mRNA levels were quantifiesing RT-PCR and
normalized to GAPDH. Duplicate reactions were penked for each experiment,
and data are presented as mean * standard dew&tBoimdependent experiments
(3 rats and n of 6 for each group). P)< 0.05, compared to control (10 % FBS,
no lipoproteins were added); (B < 0.05, compared to Control + 5 % NL

treatment.
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Figure 12. Effect of lipoproteins on transporters’ mRNA expression in
isolated rat hepatocytesFreshly isolated rat hepatocytes were treated With

NL rat serum or 5 % HL rat serum for 24 h. (A) VLDIB) LDLr,(C) OATP1B2
and (D) MDR1A/B mRNA levels were quantified using4fRCR and normalized
to GAPDH. Duplicate reactions were performed farreaxperiment, and data are
presented as mean * standard deviation of 3 indigmerexperiments (3 rats and
n of 6 for each group). (*P < 0.05, compared to control (10 % FBS and no
lipoproteins); (+)P < 0.05, compared to control + 5 % NL treatment.

3.5. Role of LDLr in CyA hepatic uptake using primay rat

hepatocytes

3.5.1. Cell viability

3.5.1.1. LDH Results

To determine if the concentrations of 10 % LP oMb5antihperlipidemic drugs
utilized in the current study were not toxic, hegates were treated for 24 h with
the tested compounds. Thereafter, cytotoxicity assessed using LDH leakage
assays. Figure 13 shows that LPs and drugs weretoman to cells at all
concentrations used. Percent of LDH leakage wassigoificantly altered after
the treatment of cells with 10 % NL or HL rat seromwith 5 uM Atv or 5 uM

FF in 10 % NL rat serum for 24 h compared to sefrga-control group (table 8).
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Table 8: The percentage of cell toxicity using LDH leakaggsays after 24h
incubation (3 rats and n of 8 for each group).

% of cell toxicity mean + SD
Serum free 58+0.2
10 % NL serum 5.7+0.1
10 % HL serum 5.8+0.2
5 uM Atv in 10 % NL serum 59+0.1
5 uM FF in 10 % NL serum 59+0.1

% of LDH Leakage or cytotoxicity
after 24 h Incubation
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Figure 13. Effect of lipoproteins and drug treatmei on cell viability. Freshly
isolated rat hepatocytes were treated for 24 h ¥it8o NL rat serum or 10 % HL
rat serum or with 5 pM antihyperlipidemic drugsofabstatin or fenofibrate).
Cell cytotoxicity was determined using LDH leakagssays. The data are
presented as mean + standard deviation of the wieaimdependent experiments
(3 rats and n of 8 for each group).
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3.5.1.2. MTT assay results

To investigate the effect of rat LPs and drug treatt on cell viability,
hepatocytes were also incubated with 10 % NL/HLseatim and in presence of 5
UM Atv or 5 uM FF for 24 h; then the viability waseasured with the MTT
assay. In rat serum-containing media there wasose of cell viability [ranged
from 100 to 106 % compared to the control groupui®efree media)] with no
significant difference being noted with cells inetlpresence of drugs or LPs

(Figure 14, Table 9).
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Figure 14. Effect of lipoproteins and drug treatmei on cell viability. Freshly
isolated rat hepatocytes were treated for 24 h @itB6 NL rat serum or 10 % HL
rat serum or with 5uM antihyperlipidemic drugs (atstatin or fenofibrate).
Triplicate reactions were performed for each expernit. The data are presented
as mean = standard deviation of the mean of 3 ieldgnt experiments (3 rats
and n of 8 for each group).
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Table 9: The percentage of cell viability using the MTT agsafter 24h
incubation (3 rats and n of 8 for each group).

% of cell viability mean+SD
Serum free 100 £ 7.47
10 % NL serum 101 +£1.96
10 % HL serum 106 + 10.48
5 uM Atvin 10 % NL serum 97.5+6.74
5 UM FF in 10 % NL serum 107+1.1

To ensure also that poloxamer 407 by itself didinfdtence hepatocyte viability,
some hepatocytes were spiked with NL serum androtiveth NL serum plus
poloxamer 407 at concentrations (5 mg/mL ) knowhegresent in serum vivo
after ip doses of Ig/kg, 36 h after dosing. Thebility of cells was determined by
MTT assay. The results showed no significant déifiee in cell viability between
NL and NL plus Poloxamer groups or between serwa-fnedia and serum-free

media plus Poloxamer 407 (Figure 15, Table 10).

Table 10: The percentage of cell viability using the MTT agsafter 24h
incubation with poloxamer 407 (5mg/mL) (3 rats anaf 8 for each group).

% of cell viability mean+SD
Serum free 100 £3.1
10 % NL serum 100+ 1.4
Poloxamer (5mg/mL) in serum free 98 +4.7
Poloxamer (5mg/mL) in 10 % NL serum 105+ 2.7
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Figure 15. Effect of Poloxamer 407 on cell viabijt of primary rat
hepatocytes. Cells were treated for 24 h with poloxamer (5 mgmNo
significant change was observed in the cell vigbih the presence of poloxamer
in serum-free media or poloxamer in 10 % NL rauserCell cytotoxicity was
determined using the MTT assay. Triplicate reactisrere performed for each
experiment. The data are presented as mean = sthaehaation of 3 independent

experiments (3 rats and n of 8 for each group).
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3.5.2. Cyclosporine uptake study

A time dependent increase in CyA uptake was obsdeirvall groups (Figure 16
to 17). Preincubation studies were conducted aslgg hepatocytes from three
NL rats. Preincubation of NL hepatocytes with Hit sarum for 24 h led to an
increase in the uptake of CyA nearly by 10 % comagdo control the NL group,
while when the cells were exposed to antihyperépc drugs (Atv and FF),
there was more increase in CyA uptake nearly uplt@and 23 %, respectively.
All comparisons were made to CyA coincubation wAtBo HL rat serum groups

(Figure 16, Table 11).

Table 11: Time-dependent CyA uptake in primary rat hepatocytes. CyA
coincubated with 2% NL rat seruni@ independent experiments, n of 6 each

group).

CyA (2.5 pg/mL) coincubated with 2 % NL serum
% CyA accumulation in primary rat hepatocytes
Treatment groups Mean +SD

5 min 15 min 30 min 60 min
A. 10 % NL 36.1+4.8 35.4£1.5 43.715.1 46.9+2.8
B. 10 % HL 32.247.3 30.4+2.6 46.3+4.8 66.845.4
C. 5uM Atorvastatin in | 36.3t5.2 42.9+1.3 56.3+2.9 56.4+5.09
10% NL
D. 5uM Fenofibrate in | 31.9+3.6 43.4+2.8 57.615.1 58.2+6.2
10% NL
Ranking* [A=C] > [C=D] [C=D] B>[C=D] >A

[B=D] >A>B >[A=B]

Asterisk represents the statistics using one wayOXN followed by Post-hoc
Duncan's test. For each time point a comparisoosaagroups was made using a
one-way ANOVA followed by a Duncapmost hoc comparison. Data analysis was
performed using Sigma Plot 12. The result was damed statistically significant
when P < 0.05.
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Figure 16. Percentage of CyA uptake (mean + SD) irprimary rat
hepatocytes.Cells were obtained from normolipidemic rats anetipcubated for
24 h with 10 % serum from normolipidemic (NL) orgeylipidemic (HL) rats or

5 uM atorvastatin or fenofibrate. CyA was co-incgolawith 2 % normolipidemic
(NL) rat serum. Three rats were used for each gseitip 6 wells per time point
for each rat. Statistically significant differendaestween amounts accumulated at
any given time points are indicated.

Regarding preincubation results when CyA was cdated with 2 % HL rat
serum, HL caused uptake nearly 54 % increase in @ytake. Preincubation with
5 uM Atv caused an increase in uptake nearly upOt86. However, FF showed
less increase, with only a 10 % increase. All comspas were to NL (Figure 17,

Table 12).
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Figure 17. Percent of CyA uptake (mean = SD) in pmary rat hepatocytes.
Cells were obtained from normolipidemic rats, predbation for 24 h with 10 %
serum normolipidemic (NL) or hyperlipidemic (HL)tsaor 5 uM atorvastatin or
fenofibrate. CyA was co-incubated with 2 % hypadgmic (HL) rat serum.
Three rats were used for each group with 6 welilstpee point. Statistically
significant differences between amounts accumulateghy given time point are
indicated.

CyA coincubated with HL rat serum caused additiynah increase of nearly 11
% in the uptake of CyA. In contrast, there waseackhnd significant decrease of
drug uptake by both NL and antihyperlipidemic drygsv and FF), with CyA
uptake being decreased by about 20, 21 and 28 %pectvely. All were

compared to coincubation with NL rat serum (Tal8g 1

81



Table 12: Time-dependent CyA uptake in primary rat hepatayt@yA was
coincubated with 2 % HL rat serum (3 independergeexnents, n of 6 each

group).

CyA (2.5 pg/mL) coincubated with 2 % HL serum
% of CyA accumulation in primary rat hepatocytes
Treatment groups Mean £SD
5 min 15 min 30 min 60 min
A. 10 % NL 14.5+1.5 21.8+1.4 38.5+2.8 43.5+£1.8
B. 10 % HL 26.1+3.5 28.4+2.6 65.1+7.4 62.96+3.12
C. 5uM Atorvastatin | 15.8+1.9 26.3+3.1 44.2+3.1 57.2+6.6
in 10% NL
D. 5uM Fenofibrate in 14.9+3.3 24.4+2.2 40.2+4.1 52.1+4.5
10% NL
Ranking B >[A=C=D]| [B=C] B >[A=C=D] | [B=C=D]>A
>[A=D]

For each time point comparisons across groups Wweade using a one-way
AVOVA followed by Duncanpost hoc comparison. Data analysis was performed
using Sigma Plot 12. The results were consideratisgtally significant when P
<0.05.

The differences in AUC 0-1h among treatment growpsre statistically

significant between coincubation groups and alsthiwipre-incubated groups
(Table 13). The difference between pre-incubatedttnent groups was compared
with their respective NL control group and diffeces between coincubated
hyperlipidemic groups and coincubated normolipidegrioups for each was also
calculated. For statistical comparison, by usingd8a method with Bonferroni

correction , the AUC of percent of drug accumulatedsus time was calculated
using the linear trapezoidal rule from the timeaofding the drug to the last
measured time point up to 60 min, using the metboasssess for significance of

comparisons between AUC values.
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Table 13: Summary of CyA uptake in primary rat hepatocy{@sindependent
experiments, n of 6 in each group).

% difference
Preincubation CyAin 2 % NL serum CyAin 2 % HL serum (AUCO0-1h)
treatments pg-h/mL
(AUCO0-1h) % CyA (AUCO0-1h) % CyA % increased
pg-h/mL increased pg.h/mL increased | or decreased
A. 10 % NL 60x4.7 - 48+1.5 - -20 7~
B. 10 % HL 66+4.9 10 74+4.6 54.2 10.8 7
C. 5uM 73+£3.3 21.6 58+3.3 20.8 -20.5 7
Atorvastatin
in 10% NL
D. 5uM 74+4.5 23.3 53+3.3 104 -28.4 7~
Fenofibrate
in 10% NL
Ranking* [C=D] - D>C> B>A - -
>B>A

Asterisk represents the statistically significaiftelence between pre-incubated
groups compared to control group in 10 % NL ratuser™ represents the
statistically significant difference between coibated hyperlipidemic groups and
coincubated normolipidemic groups. The Bailer's moet of assessing for
significance of comparisons between AUC values wasd with Bonferroni

correction.

3.5.3. Effect of rat serum and antihyperlipidemic dugs on hepatic
LDLr and MDR1A mRNA expression involved in CyA hepdic
uptake by primary rat hepatocytes

Atv significantly up-regulated LDLr mRNA with an rabst 5 fold increase
compared to the 10 % NL rat serum control groupe HL rat serum increased
LDLr mRNA 1.8 fold, but that was not significanttifferent from controls. In

addition, LDLr mRNA levels did not change in theepence of NL rat serum or

FF (Figure 18, table 14).
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Figure 18. Freshly isolated rat hepatocytes were treateld ¥6t% NL rat serum
or 10 % HL rat serum or 5 uM atorvastatin or febdte for 24 h. LDLr mRNA
levels were quantified using RT-PCR and normalized8S. Duplicate reactions
were performed for each experiment, and data asepted as mean * standard
error of the mean of 3 independent experimentat8and n of 6 in each group).
(*) P <0.05, compared to control (10 % NL).

Table 14: The effect of rat serum (10 % NL or HL) and anéHpidemic drugs
on transporting protein mMRNA expression by isolatdchepatocytes. Data shown
as the mean of mMRNA fold increase or decreaseneatd error of mean. (3 rats
,n of 6 for each treatment group).

Treatment groups LDLr (meantSEM) MDR1A (mean+SEM)
A. Serum Free 1.03+0.09 0.99+0.10

B. 10 % NL 0.88+0.08 1.00+0.05

C.10 % HL 1.60+0.22 0.69+0.06*

D. 5uM Atorvastatin 4.11+0.39* 0.67+0.06*

E. 5uM Fenofibrate 0.72+0.04 0.90+0.11

Ranking* D>[A=B=C=E] [C=D] > [A=B=E]

* ANOVA followed by post hoc ranking test (using Bnis Method).
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The MRD1 mRNA levels were down regulated in thespreee of 5 uM Atv and
10% HL rat serum, with statistically significandrections compared to the 10 %
NL rat serum control group. MDR1A mRNA did not alte presence of 5 uM FF

or in the presence of serum-free media (Figuredelie 14).
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Figure 19. Freshly isolated rat hepatocytes were treateld $¥6t% NL rat Serum
or 10 % HL rat serum or 5 uM atorvastatin or febidte for 24 h. MDR1 mRNA
levels were quantified using RT-PCR and normalized8S. Duplicate reactions
were performed for each experiment, and data asepted as mean of mRNA
fold increase or decrease * standard error of tleanmof 3 independent
experiments (3 rats and n of 6 each group)P(¥ 0.05, compared to control (10
% NL).
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4. Discussion
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4.1. Development of an analytical method for azitromycin using
Liquid Chromatography-Mass Spectrometry (LC-MS)

Several of the pre-existing methods cited for assyAZ were performed in
biological specimens, including plasma, serum, a&isdues. These methods
involve bioassays [176], which can have issues widuequate sensitivity and
crossreactivity. Several high performance liquid chroagaaphic (HPLC)
methods have also been described, using ultravip¥t-181] and fluorescence
detection [13, 14]. In order to increase sensitjvipre-column derivatization
followed by fluorescence detection has also beeed,uslthough this can
introduce elements of time and complexity [182-184HPLC with
electrochemical detection has also been used [186]. Various extraction
methods have also been reported for the extractigkZ from plasma including
protein precipitation [187], pressurized liquid raction (PLE) [188], solid phase
extraction [186, 189] and liquid—liquid extracti¢t3l, 190]. Recently, the most
sensitive techniques involve liquid chromatograpbypled to mass spectrometry
(LC-MS) [131, 187, 190, 191] or to tandem mass spewtry (LGMS/MS)

[132, 192] .

For the present method workup, the extractabilitAd from plasma was tested
in recovery experiments using diethyl ether, ethigtate, hexane and a TBME
/hexane (50:50 % v/v) mixture. In contrast to whas been reported by some
authors [131], we found diethyl ether to be the tmelective in terms of

removing endogenous substances and providing @&higlcovery. Compared to
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some other methods, our method is comparativelplsinsensitive, specific and
reproducible. The terminal phase half-life of dheig is over 40 hours, and to
characterize this phase, which begins approxim2#i%8 hours after dosing, it is
necessary to measure concentration ranges fromo250t ng/mL. Thus, a
reasonable target for the lowest quantifiable cotregion of the drug for
complete PK analysis after single doses is minynathieved with a lower limit

of quantitation of 10 ng/mL, which was achievedtihy developed method.

The advantage of the current method is less contplend shorter sample
preparation time. To prepare 30 samples it tookualh h to the time of injection,
with an additional 300 minutes required for analfirun time. The matrix effect
was negligible, and within the range of assay ‘wditg. Organic liquid-liquid
extraction is a simple and effective method of fiog sample cleanup for most
analytes. Unlike the published complicated sampteparation, a one-step
extraction procedure was used, which can reducelsapneparation times, which
is important for large sample batches. Other assaysired either a complicated
extraction and/or derivatization procedure [1823]18'he developed method has
adequate sensitively to be used in PK studiesartaiso be considered simple and
cost effective. The disadvantage of the current hotetis the fact that
instrumentation is quite expensive and is not assgible as conventional HPLC in
most laboratories. In addition, the LLQ was acheebg a using larger volume of

matrix of 0.5 ml human plasma.
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4.2. Azithromycin pharmacokinetics in an obese pogation

To our knowledge, we performed the first PK stuidgtthas examined AZ levels
in obese patients. The assay was applied as atdooivestigate the effect of
obesity on AZ PK. One might expect that the acegdel gastric emptying rate,
higher cardiac output and increased gut perfusiahdclead to an increase in drug
bioavailability and rate of absorption [88]. Howev&om the relatively limited

data that has been published it is difficult to maleneralized conclusions
regarding the effects of obesity on drug disposifi86, 94, 125, 193]. The rate
and the extent of absorption of orally administedgdgs do not significantly

differ between obese and non-obese subjects icdake of the following drugs:

cyclosporine [84], dexfenfluramine [85], midazol§8®] and propranolol [87]. In

addition, the rate of absorption of a low-molecwaight heparin, enoxaparin,
after subcutaneous administration and after asimgiavenous infusion appeared
to be slower in the obese volunteers [44] whileak&ent of drug absorption did
not change. Similarly, using?-labeled rapid-acting insulin in patients with
T2DM, there was no effect of obesity on absorptrate from subcutaneous

injection sites.

The trend of our results was toward a decreasetbfthe AUC and the maximum
serum concentrations of AZ in an obese populatmmpared with healthy lean
subjects. In general, the current findings appedret in agreement with previous
reports [115, 132, 175]. Each of the PK paramei&t$Co.4, Cmax and Tmax)

measured in our obese subjects was comparable pngthious observations in

healthy volunteers. In addition, oral clearanceim obese patients seems to be
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higher than those reported in lean subjects. Thannpartial half-lives () of
obese patients were also calculated but we coutdcampare them to lean
subjects since no data are available regardingiredinon rate constants. The
higher oral clearance might explain why the absonpdf drug seems to be lower
in obese patients. In addition, since we did alslzutate the meany, these
values underestimate the true terminal phaseftthe drug and overestimate the
true oral clearance, since AZ has long half-lifeeod0 h and longer sampling
periods of at least up to 3 half-lives (~120h) wolldve been required to
accurately measure half-life and calculate AUC friimme zero to infinity AUG.

« In order to calculate true oral clearance.

4.3. Effect of RYGB on azithromycin bioavailability

By using the assay we were also able to perforniitstecontrolled study that has
examined AZ levels after gastric bypass. A previoase report suggesting that
amoxicillin and nitrofurantoin absorption may bengwomised after gastric
bypass appears to be the only other published tremothis topic involving anti-
infective agents [19]The assay reported here was applied to analyséZah a
PK study following oral administration of a 500 rAg tablet to 14 obese patients
who had undergone RYGB surgery. The 24 h AZ plagtd& values in gastric
bypass subjects were reduced by 32 % compared mattched control obese
subjects. Gastric bypass circumvents the uppervghith is the site of maximal
absorption for AZ [47, 112, 194]. This might be explanation for reduced AZ

bioavailability post bypass. However, we found thia¢ bypass group had a
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higher oral clearance and that might explain wheydhsorption of drug seems to
be lower in post RYGB. There was a lack of a ddfere in partial half-life
between the two groups which argues against areift® in volume of
distribution. These values were likely overestimgtihe true oral clearance since
AZ has a long half-life over 40 h, and a longer phng period at least up to 3
half-lives (~120 h) would have been ideally requitedaccurately measure half-
life and calculate AUC from time zero to infinitpdeed our t¥2 estimates were

much shorter.

RYGB surgery also leads to reduced levels of selipids, which causes the
lipid/LDL levels to return to more normal values-aR years post-surgery. The
improvement in HL is more prevalent with the mataipsive procedures such as
RYGB surgery and is sustained up to 1 year [19B).18fter surgery there are
significant beneficial changes in plasma LP andllgrofiles, with reductions in

LDL, CHOL and TG, and increases in HDL [65, 66].

It has been reported that binding of AZ to plasmategn increases when its
serum concentrations decrease, with 50 % bindirgletver serum concentration
of 50 ng/mL and less than 12 % at higher serum eanation of 500 ng/mL
[197]. As we observed in our patients that theaspia lipid levels returned to
normal values post RYGB surgery. Subjects were ineatdor BMI; there is a
possibility that the recovery from HL can change éiZposition by altering AZ
plasma or tissue unbound fractions and facilitatitey tissue uptake by LP
receptors and/or other drug transport proteings fpossible that this procedure

may alter drug PK by altering transporter exprassind play a role in reducing
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AZ absorption as it down regulates the transportetse gut wall via its effect on
lipids. Thus lower plasma concentrations in thegmal patients would imply

corresponding decreases in tissue concentrations.

The efficacy of AZ is well correlated with the AU® minimum inhibitory
concentration (MIC) ratio [118]. Antibacterial amti is optimized when this ratio
is maximized, and increases with the initial doggested [118, 130]. This finding
might have impact on clinical efficacy if tissueréds of the drug are not adequate
for successfully clearing infection. The peak tes&wncentrations achieved after
ingestion of a 500 mg AZ dose range between 2-1ntigerefore, tissue drug
concentrations appear adequate for antibactertalitgcsince the AZ MIC for
streptococcus pneumonia, the commonest cause of SAR mg/L [115]. Thus,
even with a reduced oral bioavailability, tissuevele are adequate for
successfully clearing infection pathogens. Howgtbere is a possibility of
treatment failure with more resistant bacteriahists which need higher drug

levels inside the tissue.

4.4. Cytokine levels in obese and post RYGB patient

A normalization of adipokine and inflammatory cyito& concentrations may
occur after RYGB surgery [198]. For example, sefaptin, which is elevated in
obesity, begins to drop after bariatric surgerydaothose levels present in lean
body weight subjects. The reduction in leptin wasaated with the magnitude
of post-surgical decrease in body weight [199]. #ueo study examined the levels

of leptin and adiponectin in 9 patients at 3 wegsist RYGB. The results showed
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that leptin levels were significantly lower, witlo difference in adiponectin levels
observed. However, the mean reduction in body viéBghl in these patients was
very low, with only 7.4 % weight loss [200]. Withe 30 % weight loss effect of
the surgery, we have also observed this in ourepetiafter bariatric surgery.
There was an almost 50 % decrease in leptin latel®.24 + 12.7 (mean = SD),
but significantly above that seen in lean subjé€tgure 8). All patients were still
considered obese (mean BMI 36.8) at the time oktlauation. However, leptin
levels in the obese control group were 37.13 + I@®/nL (mean = SD) and
within the normal range for obese subjects (val@gje between 3.9 and77.3

range ng/mL).

RYGB has been observed to cause a relatively qwikin 3 weeks) decrease in
some other pro-inflammatory cytokines (TNF solubdeeptor and C-reactive
protein) and increase in adiponectin that stalslizad does not continue to
change with time as weight loss progresses. Othelies have shown that for
other cytokines, (TNFe, IL-6), however, there was no discernible decrease
cytokine levels [111, 201]. Our results also irdéd that IL-6 levels were not
different between patients’ post-surgery (mean 2tms) compared to weight-
matched obese controls. Despite this, howeverpétients were still considered
obese (BMI 36.8) at the time of the evaluationh@ligh they had experienced
substantial weight loss (30 %); the serum conceatra of IL-6 were still
significantly above those seen in a lean healthgufadion. The data seem to
imply that after the surgery there is a healingcpss associated with the surgery

itself, changes in nutritional uptake, or longemtechanges associated with the
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weight loss and reduction in inflammation that Imsgito normalize these
biomarkers. In an experimental setting, mild inflaation induced by the
administration of bacterial lipopolysaccharide tealthy volunteers caused
significant decreases in the CL of antipyrine, Hebital and theophylline [202],
presumably due to a decrease in CYP expressioredses in TN&, IL6, CRP
andal acid glycoprotein were demonstrated after adrnatisn of the endotoxin
in the volunteers. Perhaps because of their relgtirkecent discovery, there has
been no attention paid to the impact that adipakime their combination with

cytokines, may have on altering other importaneatpof drug disposition.

Inflammation is associated with changes in drugndparter expression.
Inflammation in rats can lead to a suppression-ghfeoprotein (Pgp) in liver and
various gastrointestinal segments [203, 204]. Hulmgpatocytes exposed to the
cytokines TN and IL6 have likewise been seen to cause decr@asesumber
of the non-energy consuming transporters encodedIb§ genes, including
OATP1B1/1B3/2B1, OCT1, OAT2 and sodium taurochoetad@sporting
polypeptide [205]. These decreases followed a desgonse pattern, with larger
decreases occurring in the presence of greaterentmations of each cytokine.
The same group found that of a number of the eneoggguming ABC proteins,
only expression of bile salt export pump was distied by TNEk; multiple drug
resistance gene (MDRL1; coding for Pgp), multidregistance gene-associated
proteins (MRP) 2 to 4, and breast cancer resistgrogein (BCRP) were

unaffected. In contrast, IL6 caused decreases iRV IMRP2 and 4, and BCRP
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[205]. In the liver of rats exposed to bacterigbjpolysaccharide findings similar
to those in human hepatocytes were seen [206]. Sdritee substrates for these
transporters may represent therapies that are caolgna@ministered to obese
subjects. For example, OATP2B1 plays a role in ititestinal absorption of

several statins, which are used to treat hypesdipic [207, 208].

AZ is a known substrate for organic anion transpgripolypeptides (OATPS)
[116, 117], and we observed in our patients thairtplasma leptin and IL-6
levels were still higher post RYGB surgery compat@dean subjects. There is a
possibility that the inflammatory biomarkers playadrole in reducing AZ
absorption as they down regulated these transgart¢he gut wall. However, AZ
is also substrate for P-glycoprotein and multidregistance-associated protein 2
(Mrp2) and these transporters play an importanésrah AZ biliary excretion
[116, 117].The down regulation of these transpertaight lead to increases in
AZ absorption which we did not see it in our stumly AZ bioavailability had

instead been reduced.

4.5. Effect of rat serum on hepatic mMRNA expressioby primary

rat hepatocytes in vitro

Isolated primary hepatocytes are widely used am a#itro tool to study hepatic

drug uptake. They provide a full complement of ahtgplasma membrane
(membrane permeability, active transport of drugs active excretion) compared

to in vitro systems such as cell lines. There is a possibiiay HL may alter drug
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PK by altering transporter expression. Transpastgins can be divided into two
major groups. Uptake transporters mediate the eppékirugs from the blood into
hepatocytes, whereas export pumps actively sedratgs or drug conjugates out
of hepatocytes into bile [209]. Numerous influx (DRs, MRPs, OCTs PEPT)
and VLDL, LDL lipoprotein transporters and efflul-gp) transporter proteins
can be involved in absorption; Vd and CL of manygd and the distribution of

these transporter proteins are vary throughoubdtiaty.

The receptors for LDL and VLDL particles were exagd because they are
potentially involved in cellular uptake of the LB«nd drug; they can function as
drug transport proteins for drugs that are embeddedPs. Our results had
showed that HL rat serum downregualted lipoproteireptors and could affect
tissue uptake for wide range of highly lipophiliougs. Indirectly they can also
influence the rate or extent of drug CL by contrgllthe amount of drug that can
access the drug metabolizing enzymes. During thg development process the
target goal for many new drug candidates is toigkIy lipophilic. They become

targets of P450 metabolism, leading to higher eleee and a stronger affinity for
pharmacological receptors than more polar drug8][Zllhe LDLr is extensively

expressed in the liver and VLDLr extensively in theand endothelial tissues
[156, 158]. Our results showed that indeed LPs doegulate hepatic lipoprotein
receptors such as LDLr and VLDLr. These findingaldexplain the changes in
drug tissue concentrations in the HL state; howedepending on the type of

tissue and degree of drug binding, tissue drug eximations might change. Not
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only will this impact the uptake of drugs into tier but also into other tissues.
CyA, AM, halofantrine, amphotericin B, midazolangt&conazole, nifedipine and
nelfinavir are examples of lipophilic drugs knotenbind with LPs, and their PK
profile changes in the HL state in rat [135, 1362,1146, 150, 154, 160, 211,

212].

The OATPs are a family of influx transporters exgse in various tissues and are
important determinants of anionic drug absorpti@ATP1B1, OATP1B3 and
OATP2B1 are expressed in the liver [207, 208, 218}2We measured the gene
expression of OATP2B1, which has been reporteceta facilitator of AM influx
[217]. What we observed was a significant down-fating effect of HL on this
gene that may impair transport, metabolism andatyilisecretion of numerous
drugs in the liver. OATP2B1 is expressed in sevethkr tissues such as the
intestines, kidney, and placenta [209]. Thus, timding highlights not only that
the AM uptake by liver might be changing but aléattAM absorption and
excretion could change in the HL state. Furthermeeveral other drugs, e.qg.
benzyl penicillin, fexofenadine, ezetimibe glucude and montelukast, are
known to be substrates for OATP2B1 [209]. The PKthese drugs might be
affected by such changes in OATP protein expregsitilL. OATP2B1 may play
a significant role in the intestinal absorption ssime statins (e.g., atorvastatin,
fluvastatin and rosuvastatin) [207]. Atv is subtraf OATP2B1, OATP1B1 and
OATP1B3 and they are major determinants of Atv hiepgptakein vivo [216];

Atv is commonly used in treatment of HL.
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The impact of HL itself on treatment with drugs Isugs Atv should also be
considered when the drug is used in HL patientss Tan have important effects
on the disposition and potency of the drug. Thisas an easy issue because
patients with HL often suffer from other medicalnddions such as obesity,
diabetes and elevations in blood pressure whichire@dditional medications for
their treatment. Anin vitro animal model of obesity has shown that OATP2
MRNA and protein levels were significantly dimingshin obese rats with fatty
livers [218]. However, here in our study, the p@mer 407 HL rat serum model
used is fairly restricted to increased plasma LEcwkoes not result in full blown
metabolic syndromes such as obesity and diabetbsr &tudies also have shown
that not only OTAB2B1 but also protein expressioh @ATP1Al were
significantly decreased in high-fat animals, whiATP1A1l and OATP1B2
expressions were significantly lower in HL rats wiemmpared to controls [219].
Thus, we have evidence that hyperlipidemic seruRsjlitself downregualted the

expression of OATP mRNA in primary rat hepatocytes.

P-glycoprotein, also referred to as multidrug-riesise protein (MDR), is an
example of an efflux transporter that is locatedtmblood-brain barrier, adrenal
gland, kidney, intestine and liver with relativalifferent expression patterns [80,
220-222]. LPs caused a reduction in MDR mRNA in tiver; this suggests
impairment of the biliary secretion of numeroushah molecular weight drugs in
the liver. In addition, absorption and tissue disttion of P-gp substrates is

expected to increase, whereas elimination mightrdsiced. AZ, sirolimus,
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tacrolimus, digoxin, verapamil, diltiazem, and $oltare known to be substrates
for P-gp [65, 67]. They are more likely to be atéstwith the reduction of P-gp
expression and/or function. In addition, some LRfzbmedications such as CyA
and AM have been found to have an inhibitory effactPgp; therefore they are
expected to have drug interactions with their sabss adding on another factor

beside the effect of HL itself on the transportes1].

HL might also be associated with changes in CYRemmaxpression. Indeed, this
in combination with increased LP-containing drugtickes and down regulation
of LP receptors, could lead to a decrease in dratpbolism. Drug clearance is
affected by differences in CYP activity and the abelic interactions of drugs
and endogenous substances with these enzymesfdreerariability in CYP3A
expression is expected to have substantial effactisoth the efficacy and safety
of narrow therapeutic window drugs like CyA and ANat are metabolized by
CYP3As. CyA is metabolised by CYP3A enzymes [2234]2 The two main
metabolic reactions involved are hydroxylation aNddemethylation [224].
Several enzymes have been shown to be responsid metabolite formation
in the liver and intestines. CYP2D1, CYP2C11 andP3X2 are the major
enzymes involved in AM metabolism in rats [225]. Wed reason to believe that
a change in CYP3A and/or other isoforms such asZCYIR and CYP2D1gene
expressions by HL may have an impact on drug PKRJ[1€YP1Al1 and 1A2
facilitate the biotransformation of AM to the phawoologically and

toxicologically active metabolite, desethylamiodso(DEA) [225]. Primary
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cultured hepatocytes are useful tools for invesiiga drug metabolism, induction
of drug metabolizing enzymes, and screening of toyxio and genotoxic
compounds [167]. For this reason, using a subsképétocytes, we examined the
gene expressions not only of transporter protemms dlso other metabolizing
enzymes for which CyA and AM are known to be swdies. We determined the
effect of serum LPs on the hepatic CYP1Al, CYP20YP3A2 and CYP2C11.
Our results were in line with the previous repariswhich an experimental
hyperlipidemia rat model (P407) had been shown tavrd regulate the
expressions of CYP3A1/2 and CYP2C11 hepatic drugabadizing enzymes
[160, 226]. Additionally, in regards to CYP actiiand/or expression, other
models of HL resulted in comparable observations.afA example, researchers
recently showed a decrease in the expression ofvéber of drug metabolizing
enzymes and transport proteins was exhibited byZtieker obese rat [227]. A
down-regulation of hepatic expression of CYP3A raftgs were fed a high fat

diet has also been reported [228].

Our findings perhaps could help to explain the dase in CyA and AM
metabolism in hepatocytes. Since CYP2C11 and CYIPBAre regulated by the
transcription factors CAR and PXR, the inhibitidntloese nuclear transcriptional
factors which might be responsible for down regatat{229]. These findings
suggest that not only CyA and AM metabolism migataffected in an HL state.
CYP450 enzymes catalyze the oxidative metabolismaofvide range of
exogenous and endogenous lipophilic substrates].[Z30P3As are the most

abundant P450s in the liver.. In humans, CYP3A e/ contribute to the
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metabolism of approximately half the drugs that ewerently in clinical use

[114]. Therfore, these findings can impact a widege of drugs for which CYP
enzymes are responsible for their metabolism. Téreyexpected to have drug
interactions with their substrates, adding on asotactor beside the effect of HL

itself on the transporter.

4.6. Cyclosporine uptake study

In NL human plasma, 31 % of CyA is associated widmbined LDL and VLDL
classes and 44 % with HDL [163]. In human HL plasiie CyA unbound
fraction was found to be less than 10 % [142], #mel drug shifted into the
LDL/VLDL fractions from the HDL fraction [163]. Pokamer 407 caused 32.9
and 42.3-fold increases in TG and CHOL in rat pasmespectively. CHOL
concentrations were greatly increased in the TRd te LDL fractions; they
were increased by 125 and 13 fold, respectivelypamed with NL rat plasma
[161]. In HL rats, the CyA unbound fraction was outo be from 16 to 30 %
[142], and the CyA AUC in plasma, blood, kidney,daliver was increased
compared with NL rats. However, the AUC of CyA waecreased in heart and
spleen [146]. Previous studies had suggested ltkatDL may be playing a role
in cellular drug uptake of CyA, aminoglycosides auonic liposomes [231-
233]. Recently, a study had shown that LDLr overegpion was associated with
an increased uptake of radiolabelled CyA [234]. ldeer, other studies have
reported instead that LDL decreased CyA uptake ¢etts via the LDLr receptor

[235].
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The current study using am vitro cellular system found that when CyA was co-
incubated with NL rat serum, there was a signifidanrease in the CyA uptake
when hepatocytes were preincubated with dilutedreflserum nearly up to a
10% increase. In addition, the same trend was wbdewith a significant and
even greater increase in CyA uptake when hepat®aytre preincubated with
either 5 UM Atv or FF [nearly up to 21 % and 23Rérease, respectively]. This
could be explained due to the effect of HL and ditgatments on the efflux
transporter. The increase in CyA uptake when puiated with HL rat serum
and Atv could be attributed to a decrease in PHjpxetransport. This ultimately
results in more drugs being inside the cells. Tioeee we examined the
expression of the MDR gene, which codes for P-gpvuch CyA is known to be
a substrate and inhibitor. Atv caused downregutatif P-gp mMRNA nearly 33 %
(Table 14). As a result, more CyA will be inside ttells. Our gene expression
results are in line with another study, which shdwhat Atv treated with 1, 10
and 20 uM of Atv caused dose-dependent down regaolatff P-gp mRNA of

nearly 60 % in HepG2 cells, explained as a deergasiRNA stability [236].

In addition, HL also caused down-regulation of PrgRNA by almost 31 %
decreases. This possibly could explain the mechabishind our findings with
the preincubated HL groups. Unexpectedly, FF iredaCyA uptake more than
the two other treatments, up to 23 %. It has besported that FF has an

inhibitory potency against P-gp at concentratioh®ouM, which are much
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higher than in our study [237]. FF did not altegf-or LDLr mRNA levels,
perhaps because the inhibitory drug concentrasomuch lower here, at only 5

HM.

Interestingly, the addition of HL sera led to sigiant increases up to 54 %
compared to the NL preincubation group. Atv ledtsignificant increase in CyA
uptake (nearly 20 %), while FF caused only a 10%ease of CyA uptake
compared with NL preincubation group. These findioguld be explained by the
effect of treatments on LDLr-mediated uptake and wanfirmed by RT-PCR
results as Atv caused a 5 fold increase in LDLr mMRédmpared with the NL
control group. Our results were in line with otlstmdies. In humans, 20 mg Atv
daily for 4 weeks increased LDLR mRNA expressionabpproximately 30-40 %
in mononuclear blood cells of normal subjects JAfly also up-regulated LDLR

MRNA expression in circulating mononuclear cellfiinimans [238].

In rat, Atv (0.5 to 10 pM) concentrations also gesed LDLr expression 5 and 2
fold in HepG2 and Hep3B cells respectively, and adtn3 fold in the liver of
Sprague-Dawley rats [239]. However, HL and FF dmt ohange the LDLr
MRNA. FF is known to act on an enzyme in the bleatled LP lipase. The
structure of the LDL substances already preserdlteyed when this enzyme
breaks down fats, resulting in a decrease in igb/teridelevels. This results in
an increased particle size, which the body can meamsily break down.
However, this is not the case in our results siEgreincubated had washed out

before CyA was added.
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It has been reported that CyA binds more with TBIlofving with LDL in HL rat
plasma. However, CyA binding shifts into the HDladtion in NL rat plasma
[161]. Unexpectedly, the observations of CyA couipated with diluted HL rat
serum were against our hypothesis. With HL, theiteeh of HL rat serum led to
restricted accessibility of CyA to the cells andswassociated with less CyA
available inside the cells (Table 9). HL causecerelase of CyA uptake ranging
from 20 to 28 %. These results suggest that therljidhys a minor role in CyA
hepatic uptake. This was clear with Atv in whichACyptake increased by the
same trend up to 20 % in both NL and HL coincubaexips. This was in line
with our findings regarding the LDLr gene expressim which the HL
preincubated group did not change LDLr mRNA exgmssThis raised the
possibility of other factors besides LP recept@mst involved. The mechanisms
are not clear but it perhaps could suggest thaCg#e-bound fraction transported
by other ways could be affected by preincubatiotihhWwPs rather than the LDLr;

further studies are needed to clarify these finsling

Many patients develop HL after transplantation, aih@ use of CyA in
combination with steroids has caused an increaseidence of post-transplant
dyslipidemia [240, 241]. Statins are commonly uséat treatment of
dyslipidemia. Our findings are highly clinicallygsiificant and relevant as renal
transplant recipients typically receive multidrdgettapy. Therefore, there is the
possibility of CyA and antihyperlipidemic drugs (XTand FF) interacting when

they are coadministered to these patients. CyAgkiy1bound to LPs in plasma,
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and the lipid-lowering effect of statins will polski alter its free fraction. In
humans, Atv has been shown to increase the CyA AY&pproximately a 10 %
- 13 % in stable liver transplant recipients [24Bpwever, other studies have
shown instead a 9.5 — 13.5 % decrease in CyA AUnaaximum concentrations
(Cmax) with coadministration of statin therapy [24B43, 244]. The current
literature conflicts in regard to the impact of Alm CyA PK in renal transplant
recipients. In our study, Atv caused an increaskeipatic CyA uptake in rats by
nearly 20 %, and led to more CyA accessible tolitrex. Our findings indicate
that the combination of an inhibition of CYP450-negdd metabolism, an up
regulation of LDLr mRNA and a downregulation of B-gnRNA could be a
possible contributing mechanism for this interactioIn addition, FF might also
increase CyA hepatic uptake when coadministeretd @A to hyperlipidemic
transplant patients. In general, these findingsliagt that not only can CyA
hepatic concentrations be affected by antihypeldipiic drugs but also there is
the possibility of an increase in CyA uptake inesthissues such as heart or

kidney possessing LP receptors.
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5. Conclusion
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A selective, simple, sensitive and rapid liquid ashatographic—electrospray
ionization mass spectrometric method for deternonadf AZ in human plasma
was first developed and validated. This assay ®féesimple and relatively rapid
alternative tool for quantifying AZ levels that elils selectivity and sensitivity,
with validated lower limits of quantification of Ifig/mL using volumes 0.5 mL

of plasma which are suitable for PK studies.

The present method was successfully applied to mneasZ concentrations in the
samples of 14 obese women and demonstrated thatdti®d is reproducible. To
our knowledge, we have performed the first PK stthigt has examined AZ
levels in obese patients. Each of the PK parameterasured in our obese
subjects were comparable with previous observatiomealthy volunteers. Until
more studies on large numbers of patients can he,dibsage adjustment of AZ

does not seem to be needed in obese populations.

By using the assay we were also able to perforniitstecontrolled study that has
examined AZ levels after gastric bypass. After RY@® concentrations were
substantially reduced in gastric bypass subjeatspened with controls. Although
the clinical relevance is currently uncertain, dosedification and/or closer
clinical monitoring for treatment failure may bequé&ed. In addition, the
remission effects of post-surgery diseases likesibpand hyperlipidemia that are

usually associated with the effect of the surgesgli on the distribution and
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clearance of drugs must be considered before watitndp abnormal serum
concentrations of drugs to malabsorption and makKingl conclusions after
RYGB surgery. In general, until more PK studies arailable, practitioners
should apply the principles of pKa and log P ofiwdual drugs in an attempt to
predict the potential impact of the RYGB on a deugbhsorption, which requires a
more in-depth look at mechanisms of drug absorptMare studies should be
done on the changes in disease states (hyperlipacemd obesity) associated with

the surgery.

Regarding cytokine levels, the present analysisaldaed to previously published
data by analyzing the serial changes in leptin lhR@, 25 months after RYGB.
Our results were in line with previous studies; bwer, the levels of both leptin
and IL-6 were higher compared to published liteatdata from lean subjects.
This suggests that the surgery might initiate aflammmatory state, with
reductions in biomarkers to normal levels not seemil longer after.
Complications associated with the surgery couldeadt in part, underlie some of
these responses in the inflammatory markers. Araegpion for the potential
delay in the reduction of the inflammatory biomaskés that the severe energy
restriction after this type of surgery leads tospsent stress that can elevate

certain markers.

From our hepatocyte work, the results showed tbairs LP downregualted all

hepatic mMRNA of the genes that were studied. Theenéxof decrease in
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expression was most noticeable for OATP2B1 (81 @uceon), and for CYP2D1
(84 % decrease). Our results confirmed our hymmhehat HL indeed
downregualted mRNA expression of LP receptors saschDLr and VLDLr and
OATP2B1 transporter proteins, as well as a numliemetabolizing enzymes
such as CYP1A1,CYP2D1, CYP2C1l1l and CYP3A2 and thgp Refflux
transporter. All of these effects could lead tord®in the PK of protein-bound
drugs and drugs which are known to be substrateghiese proteins. These
changes are expected not only in the liver but edsather tissues in which these
transporters and enzymes are known to be expreSkmd. studies are needed to
determine the possible influence of LPs on the esgon of other influx
transporters like OCT and OTP in liver and othssues. Furthermore, studies on
the effect of LPs on other common CYP enzymes khatvn to be involved in

drug disposition are needed.

Our uptake study results seem contrary to expecstbased on hepatic CyA
uptake increases via LDL receptors in HL serum Rs testricted CyA access to
the cells. However, our uptake studies showed Hhatpreincubated caused
increased CyA uptake by almost 10% with an additicffect of LPs on CyA
uptake when CyA was coincubated with HL rat serdimese findings suggest
that HL increased CyA uptake via other complex negms besides inhibiting
P-gp transporters, and the possibility of involvemef LDL receptors in
increasing CyA uptake cannot be completely ruled buaddition, in the HL

state, antihyperlipidemic drugs (Atv and FF) ledato increase in CyA hepatic
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uptake that could potentially cause a clinicallyngiicant interaction and increase

CyA PD in other tissues via LDLr, P-gp and otheknmwn mechanisms.

In conclusion, a clear understanding of the esakewmtmponents of CMS is
needed together with data to support the relatwgortance of each component
on drug PK. Our findings could explain some valigbiin drug PK and

unexpected dose versus effect outcomes in cardarokt patients that could

contribute to both HL and the obesity state.
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6. Future Directions

In our LC-MS analysis we reported that the LLQ vi@sng/mL. Future work will
be needed to measure such drug concentrations a€idgul or less matrix
volume. This would be helpful for collecting humsaimples at more frequent and

longer times in clinical experiments.

Regarding PK studies, additional studies compaA@gintracellular and tissue
concentrations between gastric bypass patientsamniols is needed to rule out
the possibility of treatment failure, especiallythvimore resistant bacterial strains.
Further studies could be done using a suitableystiedign that allows for longer
sampling periods to accurately measure half-lifd ealculate oral clearance and
exclude any possibility of changes in clearancd@mneblume of distribution as a
result of the surgeryin addition, the effects of obesity on changeseivels of
proinflammatory cytokines and on drug transport@mg metabolizing enzymes

could be studied further using an obese rat model.

HL was found to affect not only hepatic expressibhP receptors but also other
influx and efflux transporters besides metabolizemgymes. Further studies are
required to explore the mechanisms behind thesbnfys in other tissues such
heart, kidney and intestine. Specific experimentsingi different LP

concentrations should be performed.
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We demonstrated that further studies will be rexfiito accept the significant
influence of LDLr on CyA uptake. Using hepatocytesm HL rats might result
in a better explanation of our findings with the Hieincubation group, since HL
increased hepatic uptake significantly despite ldveer fu with HL rat serum.
This pointed to the possibility of the effect ofl®@amer itself on hepatocytes in
vivo. In addition, the effect of Poloxamer itseti the hepatic protein expression

is worthy of future study.

We used only one drug concentration to study theepaof drug uptake. In future
a wide range of drug concentrations might be us&hbrter experimental times
with more time points should be considered to bettelerstand the influence of

LDLr on CyA uptake.

Finally, since HL was shown to potentiate the Cy#Hayperlipidemic drug

interactions, further studies could be explorediétermine the effect of HL on
CyA toxicity in the presence of these drugs; sucllies could be done in vivo in
rats to see whether or not it affects drug respandexicity in other tissues like

the kidney.
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