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Abstract: The administration of modified cyclosporine with food has been reported to decrease
oral bioavailability. The objective of this study was to compare the pharmacodynamic effects of
oral modified cyclosporine in healthy dogs when administered with and without food. In this
randomized, crossover study, eight client-owned dogs received a commercial formulation of modified
cyclosporine (median dose, 3.5 mg/kg PO q12h) with food (fed phase) or one hour before food (fasted
phase) for 7 days. Two hour post capsule administration was used as the expected time of peak
cyclosporine concentration. Peak cyclosporine blood concentration measured by antibody-conjugated
magnetic immunoassay and interleukin-2 (IL-2) mRNA expression assessed by quantitative reverse
transcription PCR (qQRT-PCR) were measured at baseline, seventh day of each phase, and after a
21-day washout. Three dogs were withdrawn due to refractory anorexia. For the five dogs that
completed this study, no difference in cytokine expression (p = 0.9) was found when comparing
gRT-PCR values between the fed and fasted phase. All dogs achieved post-treatment IL-2 expression
corresponding with “moderate” levels of immunosuppression or higher after both phases. No
difference in peak blood cyclosporine concentration was found between the 7th day of the fed phase
(median, 2042; range, 1484-2100 ng/mL) and fasted phase (median, 1990; range 1137-2100 ng/mL;
p = 0.8). Feeding dogs at the time of the administration of oral modified cyclosporine can achieve
similar suppression of IL-2 expression and blood concentrations two hours post drug administration
as compared to when the drug is administered without food.

Keywords: cyclosporine; immunosuppression; pharmacodynamic; interleukin-2 (IL-2); quantitative
reverse transcription PCR (qRT-PCR)

1. Introduction

Cyclosporine is a potent immunomodulator used to treat a spectrum of chronic inflam-
matory and immune-mediated diseases in dogs. Modified cyclosporine is commercially
available and approved for treatment of atopic dermatitis in dogs. In healthy dogs, the
administration of cyclosporine as a microemulsified (modified) formulation with food was
found to decrease peak drug concentration by 23% and increase individual variability in
blood concentrations. Additionally, it was found that the time to peak concentration was
1.4 h in fasted dogs [1]. This supports the manufacturer’s recommendation to administer
the drug 1 h before or 2 h after feeding [2]. Cyclosporine is generally well-tolerated, and
the most common adverse effects are gastrointestinal in nature [2,3]. Despite the potential
association with reduced peak drug concentration, in practice, some veterinarians may
recommend administering cyclosporine with food in hopes of preventing gastrointestinal
side effects. A study in dogs with atopic dermatitis did not demonstrate any impact of
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feeding on the clinical efficacy of cyclosporine, although the administration of cyclosporine
with food was not shown to reduce the frequency of gastrointestinal adverse events [4].

Cyclosporine decreases the activation and proliferation of T-lymphocytes by inhibiting
calcineurin, a calmodulin-dependent serine/threonine phosphatase enzyme, within the cell.
Calcineurin inhibition blunts the transcription of nuclear factor of activated T cell-regulated
cytokines, most notably interleukin-2 (IL-2) [5]. IL-2 plays an essential role in the activation
and proliferation of T-lymphocytes, and suppressed IL-2 expression blunts immune re-
sponses [3,6]. A pharmacodynamic assay could evaluate the immunosuppressive effects of
cyclosporine in dogs by measurement of activated T-cell production of IL-2. While the effect
of cyclosporine on IL-2 expression in dogs is well established [7-9], whether feeding at the
time of cyclosporine administration influences IL-2 expression has not been investigated.

The objective of this study was to compare the pharmacodynamic effects of oral
modified cyclosporine in healthy dogs when administered with and without food. We
hypothesized that healthy dogs administered cyclosporine with food would have less IL-2
suppression than when administered the drug without food.

2. Materials and Methods
2.1. Animals

Eight healthy dogs privately owned by staff and students at Oregon State University
were recruited. The inclusion criteria included adult dogs (>1 year old) and body weight
between 15 and 30 kg. The body weight range was determined to attain an approximate
dose of 5 mg/kg (£30%) when administered one 100 mg capsule, a dose that has previously
been recommended for use for systemic immunomodulatory effects [10]. Dogs were
deemed healthy based on a normal physical examination, complete blood count, serum
biochemistry, and urinalysis. Dogs were excluded if they were previously diagnosed
or treated for chronic gastrointestinal illness, received immunomodulatory drugs within
6 months of entry, or were receiving medications other than routine ectoparasite and
heartworm preventatives.

This study was approved by the Oregon State University Animal Care and Use
Committee (IACUC-2018-0034), and the protocol followed the American Association for
Accreditation of Laboratory Animal Care guidelines.

2.2. Experimental Protocol

In this two-way crossover study, the dogs were randomly assigned by an online
random number generator (www.random.org) to receive a 100 mg capsule of modified
cyclosporine (Atopica, Elanco, Greenfield, IN, USA) orally twice daily either with food
(fed treatment phase) or 1 h prior to feeding (fasted treatment phase) for 7 days. After a
washout period of at least 21 days, the dogs were crossed over for the second phase of this
study.

Prior to drug administration, whole blood was collected from all dogs for the assess-
ment of baseline IL-2 mRNA expression using a previously validated assay (Mississippi
State University Pharmacodynamic Laboratory, Starkville, MS, USA). During each study
phase, dogs received cyclosporine doses at approximately 12 h intervals at home for 6 days.
On the 7th day of each phase, whole blood was collected 2 h after drug administration and
submitted to commercial laboratories to measure the expected peak blood cyclosporine
concentrations (Auburn University Clinical Pharmacology Laboratory, Auburn, AL, USA)
and IL-2 mRNA expression. Samples were collected and shipped after sample collection
according to the laboratory recommendations. The samples to the Mississippi State Uni-
versity Pharmacologic Laboratory were shipped in an insulated box with cold packs for
overnight delivery and samples to Auburn University Clinical Pharmacology Laboratory
were shipped for express delivery without ice. To confirm adequate washout, whole-blood
cyclosporine concentration and IL-2 mRNA expression were measured prior to the start
of the second phase to demonstrate that each dog’s IL-2 expression had returned to its
pretreatment baseline and that the blood cyclosporine concentration was undetectable
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(<25 ng/mL). These results were used as the baseline IL-2 mRNA expression for the second
phase of this study.

Owners were asked to keep the diet regimen of their dog the same during this study.
For the fasted treatment phase, owners were instructed to give the capsule without any
medication-masking treats or food. For the fed treatment phase, owners were instructed to
give the capsule immediately after a meal. Owners maintained a log and recorded a daily
appetite score (scored from 0 to 4; from no food consumed to all food consumed) and fecal
consistency score (scored from 1 to 7; from hard to watery feces). Owners were provided a
pictorial fecal chart with a description of consistency. This fecal consistency scoring system
has not been validated in dogs but has previously been used in published studies [11,12].
The time and score of each observed defecation was recorded. Owners recorded fecal and
appetite scores for 7 days prior to starting the first treatment phase for practice. If the dogs
were anorexic (defined as absolutely no food intake; score 0), the owners were instructed to
improve dietary palatability by non-pharmaceutical approaches, such as warming the food
or the addition of high value treats or food. Dogs were withdrawn from this study if they
remained anorexic for 24 h.

2.3. IL-2 Quantitative Reverse Transcription Polymerase Chain Reaction

Whole-blood samples were activated before RNA extraction with 12.5 ng/mL of
phorbol myristate acetate (Sigma-Aldrich, St. Louis, MI, USA) and 0.8 uM of ionomycin
(Sigma-Aldrich), as previously described [13]. All samples were then incubated for 5 h at
37 °C. RNA was extracted by using a previously published protocol [13]. Total RNA was
isolated from 1.2 mL of heparinized whole blood by using a QlAamp RNA Blood Mini
Kit (Qiagen, Valencia, CA, USA, Cat. No. 52304). Homogenized cell lysates resuspended
in RLT buffer were frozen until the next phase of RNA extraction. Genomic DNA was
removed from the samples according to the manufacturer’s instructions of an on-column
DNase (27.27 Kunitz units) treatment (Qiagen, Cat. No. 79254). RNA samples were then
stored at —80 °C until further analysis.

The concentration and purity of the RNA were estimated by a Nanodrop One spec-
trophotometer with NanoDrop One (version 1.4.2) software (NanoDrop Technologies,
Wilmington, DE, USA). A SuperScript III Platinum SYBR Green One-Step kit with Rox
as a reference dye (Invitrogen, Grand Island, NY, USA, Cat. No. 11736-059) was used to
quantify the expression of the gene of interest (IL-2) and the expression of the housekeeping
gene GAPDH. Primers were based on previously published GenBank sequences [14]. All
reactions were performed in a 96-well format on a Stratagene Mx3005P Multiplex Quantita-
tive PCR system (Agilent Technologies, Santa Clara, CA, USA) and analyzed with MxPro
software. The RT-qPCR reaction was performed with a final volume of 20 uL containing a
total of 30 ng of template RNA and 200 nM of each primer. The following thermal cycling
parameters were used: 50 °C for 3 min, 95 °C for 5 min, then 40 cycles of 95 °C for 15 s and
60 °C for 30 s. Melting curve analysis was performed.

All samples were run in triplicate. Delta cycle threshold (ACt) values were compared
against each other for pretreatment activated baseline samples as well as samples on Day 7
of each phase, where ACt = Cty; , — Ctgapp- GAPDH is the reference gene. Data were
analyzed using the clinical score methodology developed in the Pharmacodynamic Lab
at Mississippi State University where clinical score (CS) represents ACtyna — ACtacr, in
which UNA represents sample prior to activation and ACT represents activated sample. Cy-
tokine gene expression for samples collected on Day 7 of drug treatment was calculated by
comparing the CS of Day 7-treated samples to CS of pretreatment baseline samples, where
the CS of pretreatment baseline samples represented 100% gene expression for IL-2. Per-
centage of IL-2 suppression was calculated as 100 — CS% where CS% = [(ACtTreatment-UNA

- ACtTreat'ment-ACT) X 100]/ (ACtPretreatment-UNA - AClL'Pretreatment—ACT)-
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2.4. Blood Cyclosporine Concentration

Whole-blood concentrations of cyclosporine were measured as previously published
using an antibody-conjugated magnetic immunoassay at Auburn University Clinical Phar-
macology Laboratory. A peak concentration of 800 to 1400 ng/mL measured on a blood
sample collected 1.5-2 h after drug administration is recommended in dogs with immune-
mediated disease [15].

2.5. Statistical Methods

Statistical analysis was performed using SAS for Windows 9.4 (SAS Institute Inc., Cary,
NC, USA). The assumption of normality was ensured by visual assessment of the data
distribution. The effectiveness of the washout period was assessed by comparing baseline
IL-2 expression before the first and second treatment phase using a paired f-test with PROC
TTEST. The effect of treatment and time on IL-2 expression was assessed by a linear mixed
model using PROC MIXED. Treatment (fed vs. fasted), time, phase, sequence, and the
interaction between treatment and time were initially included as fixed effects. Phase,
sequence, and the treatment-time interaction term were sequentially removed and the
model refit if not significant. Dog identity and treatment phase were included as random
effects. The assumptions of normality and homoskedasticity for the statistical model were
determined by the assessment of conditional residuals plots. The blood cyclosporine
concentrations collected 2 h post drug administration were analyzed by a Wilcoxon Signed
Rank test using PROC UNIVARIATE. The blood cyclosporine concentrations of dogs that
exceeded the maximum level of detection (2100 ng/mL) were arbitrarily estimated to be
2100 ng/mL. An alpha level of 0.05 was used to determine statistical significance for all
analyses.

3. Results
3.1. Dogs

Eight dogs were enrolled in this study. Three dogs were withdrawn due to refractory
anorexia and were excluded from analysis. Of the five dogs that completed this study, three
were neutered males and two were spayed females, with a median age of 4 years (range,
2-10 years). Breeds represented included three mixed large-breed dogs, one German shep-
herd, and one Australian shepherd. The median weight was 27.0 kg (range, 25.4-29.1 kg).
The median cyclosporine dose was 3.5 mg/kg (range, 3.4-3.9 mg/kg) twice daily.

3.2. Effect of Feeding on IL-2 Expression

Quantitative reverse-transcription polymerase chain reaction of T-cell cytokine IL-2
mRNA expression results were expressed as least-squares mean ACt values, where ACt
values are negatively correlated with cytokine mRNA expression (i.e., the higher the ACt
value, the lower the cytokine mRNA expression). At baseline prior to the first phase, the
median ACt for the five dogs was —3.55 (range, —4.62——2.69). The ACt for the five dogs
prior to the second phase after washout was —3.45 (range, —4.78——1.49). The lack of
detected difference in IL-2 expression prior to the start of each study phase confirmed that
the washout period was adequate (p = 0.25).

Activated whole-blood IL-2 mRNA expression represented as ACt values at baseline
before each treatment and on the 7th day of each treatment phase (fed and fasted) for each
dog is shown in Figure 1. No significant difference was found when comparing the ACt
values on the 7th day of treatment between when dogs received cyclosporine with food
(median, 5.16; range, 3.79-6.32) or without food (median, 5.12; range, 3.08-6.31; p = 0.91).
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Figure 1. Scatter plot of activated whole-blood IL-2 mRNA expression for 5 healthy dogs before
(filled shapes) and after (open shapes) treatment (7th day of drug administration) with cyclosporine
(median 3.5 mg/kg BID; range, 3.4-3.9 mg/kg BID). The effect of administration with food (black
circles) and without food (gray triangles) is demonstrated, with expression presented as ACt values.
The higher the ACt value, the lower the cytokine mRNA expression. The dashed and solid lines
represent the mean ACt values for dogs during the fed phase (black) and fasted phase (gray) before
and after 7 days of cyclosporine, respectively.

The median percent suppression of IL-2 expression on the 7th day of each treatment
phase (fed and fasted) for each dog is shown in Figure 2. When comparing the ACt values of
the pretreatment baseline samples collected prior to each phase to the samples collected on
the 7th day of treatment while accounting for the effect of treatment, there was a significant
suppression of IL-2 mRNA expression in all dogs (p < 0.001).
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Figure 2. Scatter plot of activated whole-blood IL-2 mRNA expression in 5 healthy dogs, each
represented by a unique symbol, presented as a percentage of untreated baseline samples, in which
the untreated baseline samples represent 100% cytokine production. The effects of cyclosporine
administered with food (open shapes) and without food (solid shapes) on T-cell cytokine mRNA
expression over 7 days of treatment are presented. The solid line represents the median percent
suppression of dogs in the fed phase and the dashed line represents the median percent suppression
of dogs in the fasted phase.
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The Mississippi State University Pharmacodynamic Laboratory defines “moderate
and “moderate-high” suppression of IL-2 expression as 50-80% and 80-95% suppression
of IL-2 mRNA expression of the control sample, respectively. Three of the five dogs had
moderate suppression of IL-2 expression on the 7th day of receiving cyclosporine both
with food (range, 61-74%) and without food (range, 73-88%). One dog had moderate-high
suppression (81%) on the 7th day of receiving cyclosporine with food and then moderate
suppression (77%) when receiving cyclosporine without food. One dog had moderate
suppression (78%) on the 7th day of receiving cyclosporine with food and moderate-high
suppression (87%) when receiving cyclosporine without food.

3.3. Effect of Feeding on Blood Cyclosporine Concentration

All dogs achieved the recommended peak blood cyclosporine concentration after
7 days of treatment in both phases. In two dogs, the blood cyclosporine concentrations
exceeded the maximum level of detection (2100 ng/mL) in both phases of this study. On the
7th day of the fed treatment phase, the median peak cyclosporine blood concentration was
2042 ng/mL (range, 1484-2100 ng/mL). On the 7th day of the fasted treatment phase, the
median peak cyclosporine blood concentration was 1990 ng/mL (range, 11372100 ng/mL).
No significant difference was found in cyclosporine concentration at the expected time
of peak concentration (p = 0.8) between the fasted and fed treatment phases. Blood cy-
closporine concentration after the washout period was undetectable (<25.0 ng/mL) in all
dogs, indicating that the washout was adequate.

3.4. Adverse Events

Three dogs were withdrawn from this study due to refractory anorexia, along with
other gastrointestinal signs deemed unacceptable by the owner, including vomiting (n = 3)
with or without hemorrhagic diarrhea (n = 2). One dog was withdrawn while receiving
cyclosporine with food during the first phase of this study. Two dogs were withdrawn
while receiving cyclosporine without food during the second phase of this study. These
three dogs were excluded from statistical analysis and were receiving a median dose of
4.2 mg/kg (range, 3.9-6.3 mg/kg) twice daily. All dogs recovered after the discontinuation
of cyclosporine without further intervention. The five dogs that remained in this study
had normal-formed stools throughout this study. Vomiting was noted once during each
treatment phase by two different dogs. Two dogs were able to remain in this study because
they ate after food enhancements during the fed treatment phase.

4. Discussion

Our study is the first pharmacodynamic study in dogs to evaluate the effect of feeding
at the time of drug administration on the immunomodulatory properties of cyclosporine
by the measurement of activated T-cell IL-2 mRNA expression. In healthy dogs, we found
that administering modified cyclosporine with food did not change the expression of IL-
2 production in active T cells when compared to administration on an empty stomach,
leading us to reject our hypothesis. Based on this small cohort of healthy dogs, adequate
IL-2 suppression can be achieved when cyclosporine is administered with or without food
at the same dose. This study was conducted in healthy dogs and not in dogs with systemic
illness. Only healthy dogs were studied to avoid the possibility of reducing the efficacy
of a potential life-saving therapy in patients that require immunomodulation. Since this
study was conducted in healthy dogs, it is unknown whether this finding is applicable
to dogs with systemic illness or gastrointestinal disease. The modified formulation of
cyclosporine requires bile emulsification for absorption across the epithelium of the small
intestine [3]. Cyclosporine bioavailability can therefore be affected by physiologic factors,
such as bile excretion and intestinal motility. Dogs with chronic enteropathy or secondary
gastrointestinal disease due to systemic illness can have dysmotility or intestinal edema
that could affect drug absorption across the small intestinal epithelium and ultimately
the pharmacodynamic effect of cyclosporine. Further study is needed to demonstrate
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the potential effect of a meal on IL-2 suppression in dogs with systemic illness or chronic
enteropathy receiving modified cyclosporine.

No significant difference in blood cyclosporine concentration was identified between
when dogs received food at the time of cyclosporine administration and when they were
fasted at the time of administration. All dogs in this study achieved the recommended
peak therapeutic concentration provided by the Auburn University Clinical Pharmacol-
ogy Laboratory of 800 to 1400 ng/mL on the 7th day of drug administration during
both phases. A previous pharmacokinetic study found that 30% of dogs fed at the time
of receiving a single 5 mg/kg dose of modified cyclosporine had low peak concentra-
tions (<600 ng/mL; approximately 2 h after drug administration), while adequate peak
concentrations were achieved in all fasted dogs [1]. However, our study and this prior phar-
macokinetic study cannot be directly compared due to differences in study design and that
the studies utilized different immunoassays as the quantification method of whole-blood
cyclosporine [16,17]. The previous study used a fluorescence polarization immunoassay;,
and we used an antibody-conjugated magnetic immunoassay for whole-blood cyclosporine
quantification. Cyclosporine is extensively metabolized to at least 30 different metabolites,
each with variable activity [18-20]; therefore, antibody-based immunoassays can provide
varying results due to difference in reactivity and cross-reactivity patterns with metabolites
of cyclosporine. High-performance liquid chromatography is the preferred method because
this method can be used to distinguish between active compound and its metabolites [6].
However, to the authors” knowledge, there is not an available commercial assay utilizing
this method for the quantification of cyclosporine blood concentration.

Similar to previous studies, vomiting, diarrhea, and anorexia were the most frequent
adverse events in our study cohort [21-23]. Due to adverse gastrointestinal side effects
that were deemed unacceptable by the owner, three dogs were removed from this study.
All dogs recovered after the discontinuation of cyclosporine without the need for further
medical intervention. These dogs were not included in the statistical analysis, thereby
limiting our ability to discern the true effect of feeding on gastrointestinal adverse effects. It
is notable that of the three dogs withdrawn from this study, two dogs were withdrawn when
cyclosporine was administered without food in their second phase, as compared to one
dog in their first phase, when cyclosporine was administered with food. Given our limited
sample size, it is not possible to conclude whether this is of clinical significance, and future
studies with larger sample sizes are needed to draw conclusion regarding cyclosporine
tolerability when administered with and without food. Gastrointestinal adverse effects
secondary to cyclosporine in the excluded dogs may potentially have been because of
the local gastrointestinal effects of the drug or because of excessive cyclosporine blood
concentrations; however, a blood sample was not obtained at the time of exclusion. The
excluded dogs were the three smallest dogs, and they therefore received a higher dose
(median dose of 4.2 mg/kg; range, 3.9-6.3 mg/kg) than the dogs that remained in this study.
The positive association between dosage and adverse events is supported by a previous
study where vomiting, diarrhea, and weight loss were seen with greater frequency with
higher drug dosage [2].

The standard recommended cyclosporine starting dosage for dogs with life-threatening
or severe immune-mediated disease is typically 5 mg/kg twice daily, although doses may
be reduced in dogs with milder or localized inflammatory disease [6,10,24]. A target dose
of approximately 5 mg/kg twice daily was chosen for this study, with the expectation that,
because of varying dog sizes, there would be some degree of variability in actual dosage.
The body weight range for study inclusion was determined based on the goal of each dog
receiving one 100 mg capsule twice daily [2]. The final median dose in this study, however,
was 3.5 mg/kg administered twice daily, and this was in part due to the attrition of several
of the smaller dogs enrolled in this study. Although the actual final median dose was
lower than intended, all dogs reached laboratory-recommended therapeutic cyclosporine
blood concentrations, and all had a moderate suppression of IL-2 expression or higher,
on the 7th day of drug administration. The results suggest that the dosage used in this
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study achieved meaningful and clinically relevant cyclosporine blood concentration and
pharmacodynamic effects in this cohort of healthy dogs.

Our study had limitations. Firstly, the small sample of dogs increases the likelihood of
type Il error. The low statistical power renders our lack of statistical difference between
treatment phases questionable. Nonetheless, veterinarians should also be aware of prelimi-
nary evidence that some dogs may achieve levels of IL-2 suppression that correspond to
adequate immunosuppression even if cyclosporine is administered with food. This allows
veterinarians to make individualized recommendations to dog owners based upon the
caretaker’s need in effort to increase overall compliance and exemplifies the importance of
therapeutic drug monitoring.

Secondly, the actual median dosage was 30% less than the targeted dosage and many
clinicians are using a higher dosage, especially for immunosuppression. The decision
to use a fixed dose was to reduce the variability of administration of multiple capsules
or formulation (i.e., 50 mg capsule). The total daily dosage used in this study is more
suited in non-life-threatening diseases requiring immunomodulation, such as pemphigus
foliaceus, atopic dermatitis, and sebaceous adenitis [25-27]. The result of the current study
suggests that IL-2 mRNA expression and expected peak blood cyclosporine concentration
are not affected by feeding at the low dose and therefore the result is unlikely to change in
higher dosage. However, future studies with a higher target dose are needed to make this
conclusion.

Thirdly, our study only measured blood cyclosporine concentration 2 h after drug
administration because this is the current recommended protocol for the laboratory and
it is most practical for veterinarians and owners. One of the limitations of this study was
assuming that 2 h post drug administration was the expected peak blood cyclosporine
concentration for all dogs included in this study and ideally other time points would have
been measured to confirm time of peak concentration for each dog. Future studies may
include more timepoints to make conclusions on the effect of food on altering expected
peak cyclosporine concentration.

Our study included a German shepherd and an Australian shepherd, two breeds
that are known to carry a genetic deletion (MDR1; ATP-binding cassette sub family B
member 1-1A) mutation affecting the P-glycoprotein efflux pump [28]. As a substrate for
P-glycoprotein, it is possible that deficient efflux pump would result in greater intracellular
cyclosporine concentration and experience enhanced immunosuppression [29]. This varia-
tion in pharmacological effect of cyclosporine in dogs with heterozygous MDR1 mutation
has not been fully elucidated but was suspected in a case report [30,31]. Testing for the
presence of mutant MDR1 allele is available but was not performed in any of the dogs
in this study. The two dogs with the highest potential to be carrying an MDR1 mutation
did not display exceptional IL-2 suppression. While the prevalence of MDR1 mutation in
unclassified mixed-breed dogs is reported to be 5%, it is unlikely but plausible that the
dogs enrolled in this study were affected [28].

Lastly, the diet was deliberately not controlled in our study to simulate the practical
clinical environment. Although owners were instructed not to change the diet for the
duration of this study, this study allowed participants to add food enhancements (broth
and high-valued treats) if the patients became anorexic. This study variation was permitted
to decrease study withdrawal due to anorexia. Two dogs receiving cyclosporine with a meal
were able to remain in this study because they ate after food enhancements. A limitation
of this approach is that it is not possible to determine how food enhancements may have
further altered appetite, fecal consistency, peak cyclosporine concentration, or IL-2 mRNA
expression. Future studies with stricter dietary regimens would require enrolling more
dogs to account for those that may withdraw due to anorexia.

5. Conclusions

Feeding at the time of drug administration achieved levels of IL-2 expression that
correspond to adequate immunosuppression and adequate blood cyclosporine concentra-
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tions in this small group of healthy dogs. In healthy dogs, modified cyclosporine can be
administered with food without affecting its IL-2 gene expression or expected peak drug
concentration.
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