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ABSTRACT

Objectives: During clinical pharmacokinetic (PK) studies, human volunteers are subjected to screening with respect to clinical pathology parameters, 
based on which volunteers are considered healthy or not healthy. Even for the screened healthy volunteers, these parameters vary from person to 
person, and the reason is obvious, these parameters fall in a well-defined acceptable range. The diversity in the physiological and pathological values, 
even within the acceptable limits, could be significant enough to have an impact on systemic drug exposure. The present research was aimed to study 
the correlation between the clinical parameters (used for screening) and PKs of tacrolimus, which is a narrow therapeutic index (NTI) drug.

Methods: Twenty-four healthy adult human subjects, aged between 18 and 50  years, were recruited in this single-dose, open-label, balanced, 
randomized crossover study under fasting conditions. The eligibility of volunteers was based on inclusion and exclusion criteria mentioned in the 
study protocol, and screened healthy volunteers were enrolled in the study. Dose administration was done after fasting of 10 h and blood samples 
were collected for measurement of the tacrolimus concentrations by a validated liquid chromatography-mass spectrometry method. PK parameters 
were calculated followed by their correlation analysis with respective clinical pathological/screening parameters.

Results: The results of this study suggest that values of clinical parameters can increase or decrease the systemic exposure of the tacrolimus. 
A significant correlation was observed between PK estimates and age, serum creatinine levels, hematology, and total bilirubin. The coefficient of 
correlation was approximately 0.9.

Conclusion: The information on the correlation of demography, hematology, serology, and biochemistry with PK would assist PK researchers in 
having an optimum study design for the successful conduct of clinical studies, especially for NTI, cytotoxic, or drug molecules with high PK variability. 
These studies will also support clinicians to devise an effective drug therapy, especially for NTI medications intended for long-term treatment.
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INTRODUCTION

Bioequivalence (BE) studies are critical in the new drug development 
process and are required for the approval and marketing of generic 
drug products. These studies are generally aimed to determine that 
there is no significant difference between two drug products in terms 
of the rate and extent to which the active drug ingredient or active 
moiety becomes available at the site of drug action [1]. According to 
the criteria developed by various regulatory agencies, especially the 
U.S. Food and Drug Administration, two pharmaceutically equivalent 
products are bioequivalent when the 90% confidence interval of 
the geometric mean ratio area under the curve (AUC) and Cmax fall 
within 80–125% [2]. This approach thus indicates the 20% difference 
between the two drug products is clinically not significant. For 
some drugs where small differences in dose or blood concentration 
could produce serious therapeutic failures and/or adverse drug 
reactions, a 20% difference in blood concentration or drug exposure 
may be unacceptable. Such drugs are narrow therapeutic index 
(NTI) drugs [3]. Regulatory agencies, such as Health Canada and the 
European Medicines Agency, tightened the average BE limits for NTI 
drugs in concurrence with the meeting by the Advisory Committee for 
Pharmaceutical Science and Clinical Pharmacology in April 2010. The 
meeting stated that the requirements for confidence intervals should 
be narrower (90–111%) and “Replicate studies are important” for 
such drugs [4-7].

Tacrolimus, an immunosuppressant commonly used to prevent and 
treat allograft rejection in transplant recipients, belongs to the NTI 
category [8,9]. Like other NTI drugs, treatment with tacrolimus must 
be monitored closely to maintain drug concentrations within the 
therapeutic window. The systemic concentrations, if too high, can 
cause serious adverse effects and, if too low, can result in transplant 
rejection [9]. The NTI of tacrolimus limits its use and requires 
therapeutic drug monitoring (TDM) to optimize the dose to prevent 
toxicity and rejection [9,10]. Further, there is a significant correlation 
between its serum or dose level and the deterioration of the 
glomerular filtration rate (GFR) and serum creatinine in transplanted 
patients [11]. The clearance (CL) of tacrolimus is influenced by multiple 
factors which include cytochrome P450 (CYP) 3A genotype [12,13], age, 
body weight, and ethnicity [14]. Therefore, dose adjustment through 
TDM becomes very important to limit the duration for which a patient 
is exposed to concentrations outside the target range [10]. In addition 
to all the challenges associated with tacrolimus, it shows significant 
pharmacokinetic (PK) variability due to which the dose required to 
achieve target concentration varies from person to person and within 
an individual [15].

Based on these reasons, the conduct of BE studies for NTI drugs such 
as tacrolimus comes with multiple challenges. The common factors 
such as sample size, study design, and within-subject variability have 
been addressed through various research to have an impact on the 
study outcome. These factors are crucial, but other factors, such as 
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physiological or pathological variability of the subjects, which could 
affect the PK values (drug concentration) directly or indirectly, cannot 
be ignored. During clinical studies, the volunteers are screened, and 
these screening parameters or the inclusion criteria may vary from one 
subject to another. The diversity in the physiological and pathological 
values, even within the acceptable limits, could be significant enough to 
impact systemic drug exposure.

This research was aimed to study the correlation between clinical screening 
parameters such as routine serology, hematology, and demography used 
for the enrolment of study volunteers with final PK point estimates.

METHODS

Participants and study design
This was a single-dose, open-label, balanced, and randomized crossover 
fasting study. The study protocol was approved by the Jamia Hamdard 
Institutional Ethics Committee in New Delhi. Written informed consent 
was received from all the study subjects before participation in the study. 
Twenty-four healthy adult human subjects, aged between 18 and 50 years, 
were recruited in the study. Inclusion criteria were (i) absence of acute 
or chronic diseases that could affect vital organ functions, (ii) no history 
of surgery within the past 6  months, (ii) no history of hypersensitivity 
reactions or idiosyncratic reactions to tacrolimus, (iii) no history or 
current drug abuse, (iv) ability to communicate (reading, writing, and 
speaking) effectively, and (v) willingness to give informed consent for study 
participation. Exclusion criteria were (i) clinically significant abnormality 
during physical examination, (ii) clinically significant abnormality of 
electrocardiograms (ECGs) or chest X-ray, (iii) pregnancy or lactation, (iv) 
blood tests positive for hepatitis B surface antigen, hepatitis C virus, or 
human immunodeficiency viruses, (v) abnormality in blood coagulation 
or history or concurrent use of anticoagulants or antiplatelets, or (vi) 
participation in any other study in the past 3 months.

Screening of study subjects
After obtaining the written informed consent, clinical and laboratory 
investigations were carried out to confirm the eligibility of the research 
participants. These included physical examination, ECG monitoring, 
chest X-ray test, and laboratory investigations (hematology, serum 
biochemistry, urinalysis, serology, and pregnancy status). Recruitment 
continued till the required number of eligible study participants 
was achieved. The study was designed to have both male and female 
volunteers; however, only male volunteers were recruited due to the 
unavailability of desired female volunteers. Medically healthy subjects 
with clinically acceptable laboratory profiles screened within 28 days 
before initiation of the study were enrolled in the study.

Randomization
A randomization schedule for the administration of investigational 
products to each subject was generated using SAS software. The design 
of the study was three sequences and three periods wherein each 
subject was randomly assigned to one of the three treatments in the 
first period and other treatments in the following periods.

Drug administration
All the recruited subjects were admitted to the clinical pharmacology unit 
well before time to meet the 10 h fasting condition before dosing. Twenty-
four subjects were dosed with a single oral dose of either one tablet of Test 
products (two prototypes) or Reference product with 240 mL of drinking 
water at ambient temperature after at least 10 h of fasting during each 
period of the study. Water was restricted for 1 h before and after dosing, 
except for 240 mL of water given at the time of drug administration. All 
volunteers had to continue the fast till 4 h post-dose.

PK evaluation
Blood sample collection
Venous blood samples were collected through an indwelling 
intravenous cannula inserted in the forearm of the subjects during 
24  h period of frequent blood sampling. The patency of the cannula 

was maintained with 5 IU/mL of heparin in a normal saline solution. 
Blood samples were collected in pre-chilled K3EDTA vacutainers before 
drug administration (pre-dose) and at 0.500, 1.000, 1.500, 2.000, 3.000, 
4.000, 5.000, 6.000, 7.000, 8.000, 9.000, 10.000, 11.000, 12.000, 14.000, 
16.000, 20.000, 24.000, 36.000, 48.000, 72.000, 96.000, 120.000, and 
144.000 h after dose administration. Blood samples were kept in an ice 
cold water bath till storage in freezers at or below -15°C before analysis.

Determination of tacrolimus concentration
Tacrolimus was extracted from the human blood using a solid phase 
extraction technique. Chromatographic separation using the Shimadzu 
Nexera X2 high-performance liquid chromatography system (Shimadzu 
Corporation; Kyoto, Japan) was achieved on a reversed-phase C18 
analytical column (ACE 3 C18-PFP [150 mm × 4.6 mm, 3 µm]). An isocratic 
solvent system of 5 mm ammonium acetate and acetonitrile 10:90 with 
0.1% formic acid v/v at a flow rate of 0.7 mL/min was run for a total run 
time of 5  min. A  triple quadrupole mass spectrometer, MDS Sciex API-
4000 (MDS Sciex, Toronto, Ontario, Canada), equipped with electrospray 
ionization (LC-ESI-MS/MS) was tuned for detection in positive ionization 
mode. The m/z transitions observed in multiple reaction monitoring 
modes were m/z 821.6 → 768.4 and m/z 809.6 → 756.4 for tacrolimus and 
tacrolimus-related compound A (internal standard), respectively. Analysis 
for tacrolimus was performed on whole blood samples, and the linear 
concentration range used was 0.2–50 ng/mL. The analysis included blood 
samples from the subjects who completed at least two periods of the study.

PK analysis
The PK parameters were estimated from the blood concentrations 
obtained from study subjects by the non-compartmental model using 
Phoenix® WinNonlin® 8.1 Pharsight, Inc. USA. Scheduled sample 
collection time was used for PK analysis. Data from volunteers who had 
completed at least two periods of the study was used for PK analysis. 
The completion of the reference treatment period was necessary for 
the inclusion of data for PK analysis. Twenty-three out of 24 enrolled 
volunteers completed the reference treatment. The maximum 
concentration observed (referred to as Cmax) and the time at which 
maximum concentrations occurred (referred to as Tmax) were obtained 
directly from the blood concentration-time data. Terminal elimination 
half-life (t1/2) was calculated using the blood concentration-time data, and 
the AUC from zero time to the last observed time (AUC0-t) was calculated 
using the linear trapezoidal rule. The PK parameters Cmax, AUC0-t, AUC0-∞, 
Tmax, kel, and t1/2 were determined from blood concentrations.

Statistical analysis
Statistical analysis was performed using the SAS® system for Windows, 
release 9.4 (SAS Institute Inc., USA). The ratios of test and reference for 
Cmax and AUC, along with the confidence interval, were calculated to 
compare the bioavailability.

Correlations
Correlation analysis was performed for PK point estimates with clinical 
pathology parameters (hematology, serology, and biochemistry) and 
demographic values. The PK values of the reference product, which 
was a marketed product were alone used for correlation analysis. The 
correlation analysis was performed between PKs and demography 
(age and body mass index [BMI]), blood parameters (hemoglobin [Hb], 
total red blood cell [TRBC], and hematocrit [HCT]), kidney parameters 
(serum creatinine) and liver parameters (alanine aminotransferase 
[ALT] and aspartate aminotransferase [AST]). The data were divided 
into multiple groups based on the observed values for each clinical 
parameter, and the mean value was calculated for each group. The mean 
values of each group for clinical parameters were used for correlation 
analysis with the average of each respective PK estimate.

RESULTS

Demographics and laboratory parameters
The summary of major screening parameters (demography, hematology, 
serology, etc.), along with their average values used for correlation 
analysis, is presented in Table 1. The enrolled subjects were between 19 
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Table 1: Summary of screening parameters of enrolled subjects used for correlation

Subject Age (year) BMI  
(kg/m2)

Hemoglobin 
(g/dL)

Total RBC 
count/L

HCT (%) Creatinine 
(mg/dL)

Total bilirubin 
mg/dL

AST (SGOT) 
(units/L)

ALT (SGPT) 
(units/L)

N 23 23 23 23 23 23 23 23 23
Mean (±SD) 30.9 (±7.5) 22.8 (±2.9) 14.7 (±1.1) 4.9 (±0.6) 43 (±2.9) 0.8 (±0.1) 0.7 (±0.4) 27.6 (±7.5) 28.3 (±12.7)
Min 19 19.2 11.6 3.3 34.5 0.6 0.6 14.9 14.7
Max 48 29.5 16.3 6 47.9 1.1 1.4 42.2 60.3
BMI: Body mass index, RBC: Red blood cell, HCT: hematocrit, AST: Aspartate aminotransferase, ALT: Alanine aminotransferase, SD: Standard deviation, SGOT: Serum 
glutamic oxaloacetic transaminase, SGPT: Serum glutamic‑pyruvic transaminase

Table 2: Summary of PK parameters of enrolled subjects used 
for correlation

Subject Cmax (ng/mL) AUC0‑t (hr*ng/mL) AUC0‑∞ (hr*ng/mL)
N 23 23 23
Mean 
(±SD)

17.23 (±7.57) 337.596 (±208.755) 363.756 (±225.129)

Min 8.80 117.822 134.136
Max 36.89 973.528 1026.837
AUC: Area under the curve, SD: Standard deviation, PK: Pharmacokinetics

and 48 years of age, with a mean age of 30.9 years. The data presented 
in the table shows that all the participants were healthy; however, the 
variation for each parameter between the subjects was higher.

PK and statistics
The PK parameters calculated using non-compartmental analysis and 
used for correlation analysis are presented in Table  2. A  total of 23 
subjects completed the reference treatment, and the summary of the 
estimated PK parameters is in Table  2. Cmax values were in the range 
of 8.80 ng/mL to 36.89 ng/mL, AUC0-t values in the range of 337.596 
hr*ng/mL to 973.528 hr*ng/mL, and AUC0-∞ values in the range of 
363.756 hr*ng/mL to 1026.837 hr*ng/mL. The difference between 
the minimum and the maximum values observed for both Cmax and 
AUC were significant even for the same formulation, which proves the 
high variability of tacrolimus. The bioavailability of the test product 
was toward the lower side compared to the reference product, and 
due to high intra-subject variability, the difference between the lower 
confidence interval and upper confidence interval was significant.

Correlations
The subjects were divided into multiple age groups (Table  3), and a 
significant correlation was observed between the age and the PK values. 
The lowest average values for Cmax and AUC were observed in the age 
group 18–24 (lowest age group) and maximum in the age group 40–
50 (highest study age group). In addition to Cmax and AUC values, the 
observed half-life was also comparatively higher for upper age groups.

The data presented in Table  4 again shows significant correlations 
between serum creatinine levels and PK values. Serum creatinine 
levels of 0.6–0.72 (average 0.69) show lower concentrations of Cmax and 
AUC with observed half-life also toward the lower side. This indicates 
comparatively faster elimination and lower accumulation of the drug in 
the systemic circulation. On the other hand, serum creatinine levels >0.8 
displayed higher concentrations of Cmax and AUC with observed half-life 
toward the higher side, indicating comparatively slower elimination of 
the drug.

Hematology parameters such as Hb, HCT, and TRBC have also shown 
a positive correlation with the PK of tacrolimus. Higher drug exposure 
(Cmax and AUC) was observed at upper hematology values (Tables 5-7).

The correlation of total bilirubin count with the PK of tacrolimus 
displayed a similar trend as observed for the above-mentioned 
parameters (Table 8).

The coefficient of correlations for age, serum creatinine, and total 
bilirubin with PK estimates was around 0.9 (Table 9). The parameters 
such as BMI, ALT, and AST did not show any trend or correlation with the 
PK point estimates, which could be due to the inclusion of a controlled 
population and a smaller sample size.

DISCUSSION

Clinical investigations such as hematology, serology, and biochemistry, 
along with demography, are very important parameters to consider 
before exposing a body to drug therapy, especially for NTI drugs. These 
clinical parameters determine the overall healthy/unhealthy status 
of subjects/patients who are to be enrolled in the clinical studies. 

A clinician or a PK scientist will have to rely on the acceptable range for 
inclusion of patients/subjects in a study, and the difference in clinical 
parameters (within an acceptable range) may have a potential impact 
on the concentration levels, which could impact PK point estimates, 
especially for NTI drugs such as tacrolimus.

The correlation analysis suggests increased drug systemic levels 
with increasing age. The aging process can cause changes in body 
composition and hepatic and renal function, which are responsible 
for an increase in the volume of distribution and reduced CL of drugs. 
These changes can lead to a prolongation of plasma elimination half-
life, causing significant pharmacodynamic changes, which, in general, 
tend to increase sensitivity to drugs [16]. An age-dependent decline 
in total CL can be expected for all drugs that are mostly eliminated 
by the kidneys, and the reduction in drug elimination by the kidneys 
in elderly people will result in increased systemic drug levels [17]. 
Furthermore, the water content of the body decreases, and fat 
content rises with age, which leads to a reduction in the distribution 
volume of hydrophilic compounds and an increase in lipophilic drugs. 
However, intestinal absorption is not affected for most of the drugs, 
due to which the systemic exposure will be high for such drugs in 
elderly patients [18]. The comparatively higher systemic drug levels of 
tacrolimus observed in the current study for upper age groups could 
be a typical example of age-related changes in metabolism and other 
physiological functions. Further, with increasing age, the chances 
of comorbidity and polypharmacy are higher, and these conditions, 
together with age-related changes in PK and pharmacodynamics, 
make elderly patients vulnerable to adverse drug reactions, leading to 
relevant health burdens and costs [19].

Another highlight of the present study was higher systemic exposure 
for volunteers with comparatively higher serum creatinine levels. 
The correlation between serum creatinine and drug PK values is 
obvious, as serum creatinine values indicate kidney functioning. The 
decreased kidney functioning means less elimination of the drug and 
the corresponding increase in systemic exposure [18]. Therefore, 
serum creatinine values or kidney functioning is an important factor 
for the selection of dose especially for drugs such as tacrolimus. The 
error in the dosing of NTI drugs or even non-NTI drugs in patients with 
renal impairment can cause adverse effects and poor outcomes [20,21]. 
Furthermore, patients with higher BMI tend to have an increased GFR, 
which can be a sign of kidney damage [22]. Hence, dose selection in 
such scenarios becomes challenging for clinicians. The serum creatinine 
or renal function can normally be correlated with age and both these 
parameters alone as well as together affect the PK of the drugs.
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Table 4: Summary of mean serum creatinine concentrations and their respective mean pharmacokinetic values

Serum, creatinine (mg/dL) Group Cmax (ng/mL)# AUC0‑t (hr*ng/mL)# AUC0‑∞ (hr*ng/mL)# T½ (hr)#

0.63–0.74 (n=7) 14.601 (±5.258) 278.757 (±124.003) 294.490 (±128.824) 32.744 (±6.985)
0.75–0.84 (n=8) 14.158 (±5.106) 286.134 (±174.340) 312.464 (±197.332) 33.842 (±10.398)
0.85–1.1 (n=8) 22.603 (±8.916) 440.542 (±273.471) 475.657 (±289.846) 36.804 (±10.986)
#Mean (±SD). AUC: Area under the curve, SD: Standard deviation

Table 6: Summary of mean TRBC count and their respective mean pharmacokinetic values

TRBC Count Group Cmax (ng/mL)# AUC0‑t (hr*ng/mL)# AUC0‑∞ (hr*ng/mL)# T½ (hr)#

3.3–4.4 (n=6) 12.725 (±2.707) 264.398 (±127.527) 295.961 (±160.913) 33.967 (±15.456)
4.5–5 (n=7) 16.777 (±5.417) 315.348 (±186.075) 335.428 (±191.167) 32.628 (±6.285)
5–5.5 (n=6) 20.092 (±11.151) 393.512 (±271.302) 414.297 (±286.174) 33.849 (±4.757)
Above 5.5 (n=4) 20.621 (±6.552) 405.431 (±270.945) 447.520 (±305.435) 41.744 (±10.201)
#Mean (±SD). AUC: Area under the curve, SD: Standard deviation, TRBC: Total red blood cell

Table 3: Summary of age groups and their respective mean pharmacokinetic values

Age group (Years) Cmax (ng/mL)# AUC0‑t (hr*ng/mL)# AUC0‑∞ (hr*ng/mL)# T½ (hr)#

18–25 (n=5) 13.885 (±4.485) 305.745 (±190.129) 320.386 (±196.153) 32.942 (±5.030)
26–33 (n=6) 12.946 (±2.772) 285.337 (±119.906) 315.030 (±152.407) 36.734 (±11.911)
34–40 (n=6) 17.627 (±5.386) 319.289 (±210.549) 349.919 (±237.368) 39.705 (±7.636)
40–50 (n=6) 23.905 (±10.596) 434.703 (±296.831) 462.462 (±309.844) 40.506 (±8.440)
#Mean (±SD). AUC: Area under the curve, SD: Standard deviation

Table 5: Summary of mean hemoglobin concentrations of different groups and their respective mean pharmacokinetic values

Hemoglobin# (Group) Cmax (ng/mL)# AUC0‑t (hr*ng/mL)# AUC0‑∞ (hr*ng/mL)# T½ (hr)#

12.9(±0.957) (Group‑ 1) 14.980 (±6.096) 312.865 (±143.137) 334.788 (±145.017) 27.787 (±9.035)
14.5 (±0.206) (Group‑2) 18.005 (±7.466) 326.060 (±172.194) 352.863 (±189.107) 35.685 (±10.662)
15.5 (±0.276) (Group‑3) 14.383 (±5.328) 276.730 (±177.072) 300.596 (±202.374) 35.741 (±8.983)
16.3(±0.1291) (Group‑4) 29.632 (±6.148) 682.430 (±232.067) 723.354 (±249.249) 38.067 (±2.110)
#Mean(±SD), Group‑1&4; n=4, Group‑2; n=8 & Group‑3; n=7. AUC: Area under the curve, SD: Standard deviation

Table 8: Summary of mean total bilirubin concentrations and their respective mean pharmacokinetic values

Total bilirubin (mg/dL) Cmax (ng/mL)# AUC0‑t (hr*ng/mL)# AUC0‑∞ (hr*ng/mL)# T½ (hr)#

≤0.4 (n=6) 14.220 (±4.498) 269.827 (±160.335) 286.286 (±161.657) 30.537 (±9.211)
0.41–0.7 (n=8) 17.124 (±9.278) 309.462 (±306.952) 332.354 (±328.117) 31.073 (±7.876)
0.71–0.9 (n=4) 19.460 (±3.391) 421.798 (±161.345) 443.610 (±206.016) 35.073 (±16.790)
Above 0.9 (n=5) 20.337 (±9.990) 445.591 (±89.494) 500.453 (±96.516) 45.249 (±4.694)
#Mean (±SD). AUC: Area under the curve, SD: Standard deviation

Table 7: Summary of mean Hematocrit concentrations and their respective mean pharmacokinetic values

HCT (%) Group Cmax (ng/mL)# AUC0‑t (hr*ng/mL)# AUC0‑∞ (hr*ng/mL)# T½ (hr)#

≤40 (n=5) 14.370 (±5.452) 290.303 (±133.833) 312.773 (±134.892) 28.866 (±8.188)
41–42 (n=5) 15.316 (±2.928) 345.053 (±216.854) 381.980 (±238.989) 41.794 (±11.600)
42–44 (n=8) 18.161 (±9.261) 322.764 (±177.931) 345.462 (±202.272) 32.227 (±9.177)
Above 44 (n=5) 20.515 (±9.825) 401.163 (±333.144) 425.788 (±350.290) 36.653 (±4.381)
#Mean (±SD). HCT: Hematocrit, AUC: Area under the curve, SD: Standard deviation

Table 9: Summary of coefficient of correlation for clinical 
parameters with PK values

PK Parameters Age 
(years)

Serum 
creatinine 
(mg/dL)

Total bilirubin 
(mg/dL)

Tmax (hr) −0.29868 −0.31062 −0.32798
Cmax (ng/mL) 0.902399 0.906874 0.937149
AUC0‑t (hr*ng/mL) 0.89306 0.889785 0.940271
AUC0‑∞ (hr*ng/mL) 0.890481 0.890775 0.942407
T½ (hr) 0.942815 0.912834 0.901782
PK: Pharmacokinetics, AUC: Area under the curve, SD: Standard deviation

Hematology parameters such as Hb, TRBC, and HCT also displayed a 
positive correlation with systemic tacrolimus concentrations. This 
could be due to the extensive binding of tacrolimus to RBC (Hb), and 
as a result, the distribution of tacrolimus into whole blood is strongly 
affected by hematocrit [23]. A decrease in Hb count increases the free 
drug concentrations, which increases the CL of tacrolimus, resulting in 
decreased overall exposure to the drug [24]. Further in this study, an 
increase in systemic exposure (Cmax and AUC) and the corresponding 
decrease in tacrolimus CL (higher half-life) with elevated total bilirubin 
count was observed. This can be supported by the fact that an elevated 
total bilirubin decreases the biliary excretion of tacrolimus, resulting in 
a decrease in the overall CL of the drug from systemic circulation [24].
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CONCLUSION

The overall study shows that the PK of tacrolimus has a significant 
correlation with clinical investigations or screening parameters. 
Diversity in the values of these parameters, which decide the overall 
health of study participants and their correlation with PK values, could 
be a potential reason for the systemic variability of the drugs. Even with 
the small sample size and the values of clinical parameters within a 
healthy range, significant variability and noticeable correlations were 
observed. Higher systemic exposures were observed at upper values for 
clinical parameters such as age, serum creatinine, total bilirubin, and Hb 
and vice versa. This study with a larger and less controlled population 
(patients) can further magnify the role of clinical pathology together 
with demography on systemic drug exposure. These correlations will 
assist clinicians in developing effective drug therapies, particularly 
for NTI medications intended for long-term use and will also enable 
pharmaceutical researchers to optimally design clinical studies that 
yield better outcomes and higher success rates.
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