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Introduction
Tacrolimus, formerly known as FK506, is a macrolide 

antibiotic with immunosuppressive properties. Although 
structurally unrelated to cyclosporine A (CsA), its mode of 
action is similar. Tacrolimus suppresses cell-mediated immune 
reactions, whereas humoral immunity is affected to a far lesser 
extent. It exerts its effects principally through impairment of gene 
expression in target cells. Tacrolimus binds to an immunophilin, 
FK506 binding protein (FKBP), this complex inhibits calcineurin 
phosphatase, which is responsible for dephosphorylation NFATc 
(Cytosolic Nuclear Factor of Activated T cells). The tacrolimus- 
calcineurin complex cannot perform this reaction; thus, NFATc 
cannot enter the nucleus to promote the reactions that are 
required for the synthesis of a number of cytokines, including 
IL-2. The end result is a decrease in IL-2, which is the primary 
chemical stimulus for increasing the number of T lymphocytes 
[1,2]. The immunosuppressive effect of tacrolimus was more 
highly potent than cyclosporine in vivo and in vitro studies [3].

Tacrolimus is characterized by a highly variable oral 
bioavailability 5% -93% (mean average 25%) [4]. Tacrolimus  

 
absorption from the gastrointestinal tract is to a large extent 
determined by the phenotypic, genotypic, and functional 
expression of CYP3A and P-glycoprotein in the liver and gut 
wall [5]. The massive uptake of tacrolimus by red blood cells 
caused by a tacrolimus binding protein with features similar 
to a specific protein found in lymphocytes [6], its apparent 
volume of distribution (Vd) regarding blood concentrations is 
much lower (1.0 to 1.5 L/kg) compared with values regarding 
plasma concentrations (about 30 L/kg) [7]. Tacrolimus is highly 
lipophilic drug and is excreted from the body after extensive 
metabolism [8]. 

Tacrolimus is 90% metabolized by both small intestinal and 
human liver microsomes [9]. CYP3A4 is a major analogue of 
CYP3A family, with 30-fold variations in CYP3A4 levels recorded 
for the small intestine and 10-100 fold variations recorded for 
liver [10]. Most of the administered dose was regained in feces, 
referring to that bile is the major route of elimination. Urinary 
excretion estimated for less than 3% of total administered 
dose. Not more than 0.5% of unchanged drug was measurable 
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Abstract

Tacrolimus is a macrolide antibiotic with immunosuppressive properties, it is indicated as primary immunosuppressive therapy following 
liver, heart and kidney transplantation, because of its better survival results and less acute cellular rejection than cyclosporine. The main 
objectives of this study are to investigate the robustness of using a non- invasive saliva sampling method instead of a blood sampling method as a 
surrogate for therapeutic drug monitoring (TDM) of tacrolimus among Jordanian patients, develop validated, sensitive and specific method (LC-
MS/MS) for determination of tacrolimus in blood and saliva, determine the correlation between blood tacrolimus concentration versus saliva 
tacrolimus concentration and determine the variability in pharmacokinetic parameters of tacrolimus among patients to individualize dosage 
regimen. Forty two patients participated in this study. Two samples were collected from each patient two hours before morning dose, one sample 
is blood, and another is resting saliva sample. 

Microsoft Excel program was used for descriptive statistics and t-testing. Optimized effective intestinal permeability of tacrolimus was 
estimated by PK-Sim program version 7, which classified tacrolimus as class III based on Salivary Excretion Classification System (SECS). A 
significant correlation of 0.51 (P < 0.05) between blood and saliva concentrations was observed, which indicate that saliva sampling is a good 
alternative matrix for tacrolimus TDM. Mean blood tacrolimus concentrations and mean saliva tacrolimus concentrations are 4.15 ng/ml and 
0.93 ng/ml, respectively, with a mean saliva/blood ratio of 0.286. Calculated normal tacrolimus therapeutic range after the first six months of 
transplantation for both blood and saliva are (2.73-3.82) ng/ml and (0.93-1.3) ng/ml, respectively.
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in feces and urine [11]. The terminal elimination half-life 
(t1/2) of tacrolimus is approximately 12 hours (with a range 
of 3.5 to 40.5 hours), so it needs 60 hours to reach steady state 
and start monitoring [7]. Due to narrow therapeutic index, 
high pharmacokinetic variability and many potential drug–
drug interactions, close monitoring of blood concentrations 
is essential to prevent rejection and minimize toxicity, it is 
recommended to quantify tacrolimus in whole blood because 
of high distribution in erythrocytes: about 95% [12]. A common 
theory in therapeutic drug monitoring is that the trough 
concentration (C trough) will be a logical index of overall patient 
exposure to drug [6].

Tacrolimus is a highly lipophilic compound with log P and 
predicted pKa values of 3.3 and 9.96, respectively. Because of 
these characteristics, tacrolimus is not ionized at a physiological 
PH. Because only the free drug can pass through capillaries and 
reach the site of action, the portion of a drug that is present in the 
Oral Fluid (OF) should represent the free or pharmacologically 
active form of a drug. Given that the free concentration is 
responsible for both the therapeutic effect and toxicity, OF 
concentration may predict the therapeutic outcomes better than 
the total drug concentration [13,14].

Utility of saliva to monitor overall health, diagnose various 
oral or systemic disorders and drug monitoring. Saliva offers 
advantages over serum because it can be collected noninvasively 
by individuals with modest training, which offers a cost-effective 
approach for the screening of large populations. In addition, 
gland-specific saliva can also be used for diagnosis of pathology 
specific to one of the major salivary glands, with minimal risk of 
contracting infections during saliva collection. Saliva can be used 
in clinically challenging situations, such as obtaining samples 
from children or handicapped or anxious patients, in whom 
blood sampling could be a difficult act to perform [15,16].

Salivary Excretion Classification System (SECS) was 
established according to physicochemical properties of the 
drug. The two main parameters this system based on are protein 
binding and intestinal permeability of the drug, which classifies 
drugs into four classes [17]. Class I drugs of low protein binding 
with high intestinal permeability, like azithromycinare exposed 
to salivary excretion. Class II drugs of low protein binding with 
low intestinal permeability, like hydrochlorothiazide are exposed 
to salivary excretion since low permeability is counterbalanced 
by high fraction unbound. Class III drugs of high protein binding 
with high intestinal permeability, like rosuvastatin are exposed to 
salivary excretion since low fraction unbound is counterbalanced 
by high permeability. Class IV drugs of high protein binding with 
low intestinal permeability, like montelukast are not exposed to 
salivary excretion.

Objectives
The objectives are Investigate the robustness of using a non- 

invasive saliva sampling method instead of a blood sampling 
method as a surrogate for therapeutic drug monitoring of 

tacrolimus among Jordanian patients, develop validated, specific 
and sensitive LC-MS/MS method for determination of tacrolimus 
in blood and saliva, determine the correlation between blood 
tacrolimus concentration versus saliva tacrolimus concentration, 
and determine the variability in pharmacokinetic parameters of 
tacrolimus among patients.

Experimental

Study designs and human subjects
This study is an observational study that has been conducted 

at Jordan University Hospital/Ammanafter approval by 
Institutional Review Board (IRB). Forty two patients who treated 
with Tacrolimus (PanGraf®) were included in this study. Patients 
with kidney transplantation in nephrology department were 
enrolled in this study. Patients demographics were: age ranging 
from 22 to 67 years (mean 41.59, ±SD 11.35), female patients 
represent 33.3 % while male patients represent 66.7% in this 
study, actual weight of all patients is ranged from 52 to 102 kg 
(mean 77.35, ±SD 12.63). The patients were randomly selected 
if they reached steady state concentration for tacrolimus (steady 
state is achieved within 2 to 3 days of repeated administration), 
consent form is available. Two samples were taken from each 
patient, one sample of blood and another of resting saliva. Both 
samples are trough and were taken two hours before morning 
dose. 

Assay methodology
Blank human blood and saliva samples were derived from 

healthy volunteers at Truimpharma LLC to establish and validate 
the method of analysis using LC-MS/MS (API 5500). Paracetamol 
internal standard 50 µl was added to 500 µl of subject blood 
or saliva, vortex the sample for about 15 seconds, 4 ml of Tert 
butyl methyl ether was added, vortex the sample for about 3 
seconds, the samples were centrifuged at 4000 r.p.m for about 
10 minutes, evaporation organic layer then reconstitution with 
300 µl mobile phase, then transfer 200 µl to the Auto Sampler 
vial insert. Calibration curve were constructed by plotting 
the analytical response of the instrument (Analyte area/IS 
area) versus tacrolimus concentration. A linear relationship 
(R=0.9984) between the analytical response and concentrations 
of tacrolimus was obtained over concentration range (0.05-50) 
ng/ml and lower limit for quantification was 0.05 ng/ml for both 
blood and saliva. Average recovery was 97.9 for blood, and 99.8 
for saliva. Method for both blood and saliva was linear in range 
of 0.05-50 ng/ml, with intra-day variability < 10%.

Data analysis

i.    Optimized effective intestinal permeability

Effective intestinal permeability (Peff) values were estimated 
by Nelder-Mead algorithm of Parameter Estimation module 
using PK-Sim program V7. Nelder-Mead method, which is 
also called downhill simplex, is a commonly used nonlinear 
optimization algorithm. This was done by searching for the 
best parameter values that produce plasma concentration that 
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matches the actual plasma concentration at the same time. The 
objective function is the weighted sum of squared differences of 
observed and model predicted values.

Fraction absorbed (Fa) of tacrolimus was calculated 
according to equations below:

Fa = 1 – e-2An

An = Peff * tres/R

An: absorption number, R: radius of human small intestine, 
tres: mean residence time.

R = 1.75 cm, tres = 3 hours

ii.    Statistical analysis

Microsoft Excel program was used for descriptive statistics 
and ANOVA, t- testing after log transformation, P- value of 0.05 
for significant difference.

Results and Discussion
The trough blood tacrolimus levels in the forty two patients 

involved in this study, as shown in Table 1, ranged from .065 to 
17.58 ng/ml with a mean level of 4.15 ng/ml, standard deviation 
± 3.26 ng/ml, CV% = 78.6%. 

Table 1: Trough blood and saliva tacrolimus levels (ng/ml) in 42 patients enrolled in this study

No.
Cmin. blood 

tacrolimus (ng/
ml)

Cmin. saliva 
tacrolimus (ng/

ml)
No.

Cmin. blood 
tacrolimus (ng/

ml)

Cmin. saliva 
tacrolimus (ng/

ml)
No.

Cmin. blood 
tacrolimus (ng/

ml)

Cmin. saliva 
tacrolimus (ng/

ml)

1 1.44 0.33 15 1.39 0.55 29 7.23 0.39

2 2.73 1.76 16 2.21 0.67 30 8.06 0.21

3 2.56 0.09 17 2.69 0.64 31 17.58 0.64

4 5.66 1.18 18 0.07 0.08 32 3.2 3.12

5 4.25 0.29 19 4.38 0.66 33 1.79 0.11

6 0.99 0.26 20 2.79 0.36 34 2.88 0.67

7 4.53 2.79 21 2.29 3.14 35 5.8 0.62

8 7.69 0.24 22 2.18 0.32 36 8.18 0.61

9 3.05 0.25 23 2.77 0.29 37 12.41 0.72

10 6.04 0.27 24 3.05 0.39 38 9.58 0.59

11 3.48 1.24 25 3.28 0.72 39 7.38 0.39

12 1.63 0.4 26 4.43 1.47 40 3.02 0.38

13 5.42 9.17 27 2.72 0.58 41 3.39 1.43

14 3.13 0.35 28 3.63 0.18 42 4.67 0.4

The trough saliva tacrolimus levels in the forty two patients 
involved in this study, as shown in Table 1, ranged from 0.08 to 
9.17 ng/ml with a mean level of 0.93 ng/ml, standard deviation 
± 1.5 (ng/ml), CV%= 161.8%. The results showed that there is 
strong correlation (P < 0.05) between blood and saliva among 
patients with correlation coefficient of 0.51 as shown in Figure 1, 
which indicates that saliva sample can be used as an alternative 
matrix for tacrolimus TDM.

Figure 1: Plot of C min. / dose of blood (BD) versus C min. / 
dose of saliva (SD) in patients enrolled in this study.

Tacrolimus is extensively bound to red blood cells, α1-acid 
glycoprotein and albumin. Tacrolimus as reported has low oral 

bioavailability, approximately 25% [18]. Based on Idkaidek 
and Arafat theory published in 2012 (SECS), the permeability 
and protein binding are major key factors in salivary excretion 
system. Permeability optimization was shown in Figure 2. 
Optimized effective permeability coefficient was 8.9 * 10-4 cm/
sec, with fraction absorbed (Fa)=0.99.Tacrolimus classified as 
class III drugs, with high protein binding and high intestinal 
permeability, so it exposed to salivary excretion since low 
fraction unbound is counterbalanced by high permeability.

Figure 2: Tacrolimus blood concentration profile of observed 
versus PK-Sim predicted tacrolimus blood concentration.
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Toxicology laboratory of Jordan university hospital used 
chemiluminescent microparticle immunoassay (CMIA) for 
tacrolimus analysis. Normal range considered by the lab 
depends mainly on the time of transplantation (according 
Abbott laboratories). Majority of patients in this study have been 
transplanted more than six months. Normal blood tacrolimus 
range after six months of transplantation (according to Abbott 
lab.) is 5-7 ng/ml.

Table 2: The predicted normal blood and saliva levels.

Time of 
transplantation

Normal (kit) 
level, ng/ml

Normal 
(blood) level, 

ng/ml

Normal 
(saliva) level, 

ng/ml

Six months 05-Jul 2.73-3.82 0.93-1.3

The mean (SD) ratio of saliva to blood tacrolimus 
concentrations equal 0.286 (± 0.377), and the calculated normal 
blood and saliva levels are summarized in Table 2. The mean of 
ratios of LC-MS/MS to immunoassay tacrolimus concentrations 
equal 0.656, SD ± 0.455. This result consistent with which is 
reported, that immunoassay has  a higher result than LC- MS/
MS, due to metabolites cross reactivity in immunoassays [19].

Table 3: P-values of factors contributing to pharmacokinetic variability 
of tacrolimus.

Blood Saliva

Age 0.375 0.79 

Gender 0.577 0.051

Weight 0.105 0.818

Urea 0.955 0.66

Anaemia 0.187 0.393

Smoking 0.096 0.38

MMF 0.708 1.035

Prednisolone 0.162 0.981

CYP. inhibitor 0.777 0.432

DM 0.113 0.432

HTN 0.874 0.856

Dose 0.282 0.987

Analysis of variance (ANOVA) was also done using 
SYSTAT V5.0. It was found that there is no significant effect 
for these variable (gender, age, smoking, urea levels, diabetes 
mellitus (DM), hypertension (HTN) and co-administration of 
prednisolone, mycophenolate mofetil and CYP. Inhibitor drugs) 
on tacrolimus concentrations, as shown in Table 3. These results 
are consistent with which is reported that the CYP. genotype was 
the most significant covariate for the dose and dose‐adjusted 
trough levels of tacrolimus [20]. 
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