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Abstract
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Introduction: Tacrolimus is a macrolide immunosuppressant. Due to the serious side effects and narrow therapeutic window of Tacrolimus 
It is necessary to monitor the blood concentrations of tacrolimus. The trough concentration of the drug may also differ based on patients’ 
demographic data, protein binding, and erythrocyte binding. This study was conducted to estimate Tacrolimus binding to erythrocyte in liver 
transplant recipients in Saudi Arabia.
Method: Patients on tacrolimus, as the main immunosuppressant, who underwent liver transplant throughout 2012-2014 were retrospective-
ly studied. Demographic characteristic, tacrolimus blood trough concentrations, liver, renal, biochemistry, and hematology lab results were 
all collected. Lab results and other factors like weight and age were examined to check their influence on the Tacrolimus blood concentra-
tions. 
Results:  184 liver transplant recipients met the criteria and were included in this study. The predicted Tacrolimus free plasma concentration 
averaged 239.3 ng/L and the estimated binding of Tacrolimus to erythrocyte was found to be 96.61 %.
Conclusions: The percentage binding of tacrolimus to erythrocyte was estimated in Liver transplant patients. Further analysis is required to 
check whether this binding affect pharmacokinetics of Tacrolimus or not.

Introduction
One of the most important issue after organ transplant is rejection, 
but with the development of immunosuppressants, rejection is no lon-
ger a problem. FK506, which is also known as Tacrolimus, is a macro-
lide antibiotic working as immunosuppressant by inhibiting calcineurin 
and thus activating T-cell transcription factor (1). Due to the large vari-
ability in the rate of absorption and absolute bioavailability in orally 
administered tacrolimus (2) and being a drug with a narrow therapeutic 
window with serious side effects (1,3,4) in addition to the presence of 
some factors affecting its pharmacokinetic parameters (5), monitoring 
of Tacrolimus blood concentration and dose should be individualized 
based on patients’ factors to prevent rejection and minimize side ef-
fects. In a previous study, Tacrolimus pharmacokinetics were estimat-
ed in Saudi patients (6). This study was conducted to identify Tacrolimus 
percentage binding to erythrocyte and Patients’ specific demographic 
characteristics (as weight, gender… etc) that may affect the Tacrolim-
us blood levels.
Methodology
Data of liver transplant recipients, who underwent transplant between 
2012-2014, were retrospectively collected during the year of 2015. A 
total of 184 patients receiving Tacrolimus as their main immunosup-
pressant therapy, aged ≥ 16 years were included in our study. Pregnant 
women, and patient with another organ transplant were excluded. 
Clinical data about participants (demographic characteristics, concom-
itant diseases and medications, Tacrolimus dose and trough level, and 
biochemistry, hematology, renal and liver profile) were collected (10 
readings post-transplant) using a standardized data collection form 
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(appendix 1). Patients were categorized into groups based on BMI. 
In addition, BSA, using Mostellar (7) and DuBois equations (8), IBW by 
Devine formula (9), and creatinine clearance by Cockcroft-Gault equa-
tions were all calculated for each patient (10). 
Statistical analysis was performed using SPSS version 23 (SPSS IBM, 
New York, U.S.A). Data were tested for normality using Shapiro-Wilk 
test and Kolmogorov-Smirnov test. Baseline normally-distributed data 
were expressed as mean± standard deviation and any differences 
in the groups were analyzed using one of the appropriate paramet-
ric tests (e.g.; Student t-test, ANOVA, etc). If data were found to be 
non-normally distributed, an appropriate nonparametric test is used 
(e.g.; Mann-Whitney test, Wilcoxon rank test, Kruskal-Wallis test, etc) 
depending on the number of the groups and type of comparisons. In 
addition, linear, nonlinear, multiple and logistic regression analysis 
were utilized when appropriate to explore any relationship between 
selected variables
Results
This study has involved 184 liver transplant patients who met the in-
clusion criteria and their data were analyzed. Table 1 shows the demo-
graphic characteristics of the study sample. The 184 liver transplant pa-

tients have an age range between 16-80 years with an average age of 
52.43 ± 14.06 years (mean ±SD). Males comprise 58.7 % (n=108) of our 
sample of patients with an average age of 53.69 ± 13.03  years (mean 
±SD), whereas Females accounted for 41.3 % (n=76) of the sample of 
patients with an average age of 50.63 ± 15.30 years.
Females’ mean height, weight, and ideal body weight (IBW) were 
155.67 ±6.71 cm (mean ±SD), 70.40 ± 19.33 kg, and 48.80 ± 6.04 kg, 
respectively, which are lower than the corresponding mean height, 
weight, and IBW for males (167.32 ± 8.66 cm, 74 ± 18.65 kg, and 63.80 
±7.80 kg, respectively). 
A comparison between males and females with respect to their demo-
graphic data showed that there was no significant difference in age 
and weight between male and female (p>0.05).  Whereas height, IBW, 
BMI and BSA showed that they were extremely statistically significant 
difference (p<0.05) table (1). 
The hematological laboratory measurements were carried out for 
these patients as shown in table 2. Table 3 shows the clinical biochem-
ical laboratory measurements for the same sample, and in Table 4 
another statistically significant difference was found in MCHC, serum 
creatinine, and total protein between males and females (p<0.05).

Mean ±SD
(range)

P-value*
(sig)

Males
(n=108)

Females
(n=76)

Total 
(n=184)

Age
 (years)

53.69 ±13.03
(16-80)

50.63 ± 15.30
(16-74)

52.43 ±14.06
(16-80)

 0.158

Weight 
(kg)

74 ± 18.65
(24.8-122.6)

70.40 ± 19.33
(44-131)

72.51 ± 18.97
(24.8-131)

0.206

Height 
(cm)

167.32 ±8.66
(132-191)

155.67 ± 6.71
(140-173)

162.51 ±9.77
(132-191)

0.000

IBW (kg) 63.80 ± 7.80
(32-85.1)

48.80 ±6.04
(34.70-64.4)

57.60 ± 10.26
(32-85.1)

0.000

BMI 
(kg/m2)

26.36 ± 6.10
(8.10-43.06)

29 ± 74.1
(17.19-49.57)

27.45± 6.79
(8.10-49.51)

0.009

BSA (m2) 1.83 ± 0.25
(1.02-2.44)

1.71 ± 0.23
(1.37-2.37)

1.78 ±0.25
(1.02-2.44)

0.001

* Student’s t-test for independent samples (Normality test = Shapiro-Wilk’s test)
IBW= ideal body weight, BMI= body mass index, BSA= body surface area

Table 1: Demographic characteristics of patients’ sample as a function of gender in 184 liver transplant recipients
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Test Units Mean ± SD Range

WBC 10^9 WBC 7.66 ± 3.13 2.45-22.25
RBC 10^12 RBC 3.15± 0.45 2.19-4.45
Hemoglobin g/L 92.16 ± 11.28 72.3-128
Hematocrit L/L 0.27 ± 0.033 0.2-0.38
MCV fL 86.49 ±5.45 74.11-101.72
MCH Pg 29.38 ± 1.94 24.63-34.74
MCHC g/L 339.93 ± 9.71 311.3-364.30
RDW % 18.102 ± 2.57 12.51-26.8
Platelets 10^9 Plt 113.34 ± 63.68 16-365.20
MPV fL 11.14 ± 1.21 1.54-14.10

WBC=white blood cell, RBC=red blood cell, MCV=mean corpuscular volume, MCH=mean corpuscular he-
moglobin, MCHC=mean corpuscular hemoglobin content, RDW=red cell distribution width, MPV=mean 
platelet volume.

Table 2: hematological laboratory test for 184 liver transplant recipients

Test Units Mean ± SD Range
Urea mmol/L 8.42 ± 5.02 2.15-35.70

Serum Creatinine µmol/L 97.28 ± 65.90 14-558.9
Creatinine Clearance mL/min 94.033 ± 42.26 17.54-281.73

Random Glucose mmol/L 7.62 ±  2.31 3.67-15.24
Fasting Blood Glucose mmol/L 7.71 ± 2.15 3.78-16.71

Albumin g/L  35.73 ± 4.096 26.73-50
Total Protein g/L 52.92 ±6.29 37.93-73.50

Total Bilirubin µmol/L 65.54± 77.011 5.82-636.1
Direct Bilirubin µmol/L 44.97 ± 53.52 0-329.1

Uric Acid µmol/L 291
GGT IU/L 155.47± 129.61 0-918.30

Alkaline Phosphatase U/L 109.46 ± 76.83 20.03-428.60
AST U/L 64.43 ± 66.28 0-520.7
ALT U/L 111.74 ± 85.89 0-466.42

Globulin g/L 17.16 ±5.55 5.11-32.80
Ammonia µmol/L 30.61 ± 17.45 0-127.60

HbA1c % 0.059±0.017 0.04-0.1

GGT=gamma glutamyl transferase, AST=aspartate aminotransferase, ALT=alanine aminotransfer-
ase, HbA1c=glycated hemoglobin
Table 3: Biochemistry laboratory tests for 184 liver transplant recipients.
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Test Male
(n=108)

Female
(n=76)

p-value*

MCHC                                                         (g/L) 341.74 ± 9.83 338.28 ± 9.27 0.031
BUN                                                          (mmol/L) 8.66 ± 5.28 8.29 ± 5.26 0.675
Scr                                                             (µmol/L) 103.91 ±71.63 85.94 ± 65.91 0.047
CLcr                                                           (mL/min) 93.98 ± 43.06 97.15 ± 45.65 0.442
Total Protein                                           (g/L) 51.36 ± 5.13 54.05 ± 6.83 0.002
Ammonia                                                 (µg/L) 29.27 ± 19.57 32.47 ±13.94 0.262

* Independent t-test (Normality by Shapiro-Wilk), MCHC=Mean Corpuscular Hemoglobin Content, BUN=blood urea nitrogen, Scr=serum cre-
atinine, CLcr=creatinine clearance.

Table 4: Comparison between Males and Females in some Clinical hematological and biochemical characteristics.

The end-stage liver disease accounts for 69.6 % of all cases of liver 
transplant. While the second reason for liver transplant was hepati-
tis C 34.2 % compared to hepatitis V which was the cause in 31 of the 
recipients. 31 %, 25.5 %, 13.6 %, 12 % were the percentages of patients 
receiving liver transplant for hepatocellular carcinoma, cryptogenic 
liver cirrhosis, liver cirrhosis, and autoimmune hepatitis, respectively. 
Diseases which account for less than 10 % of the cases were nonalco-
holic steathepatitis, sclerosing cholangitis, Wilson disease, biliary cir-
rhosis, and budd-chiary syndrome. And only 1 % of the cases were due 
to Progressive familial intrahepatic cholestasis, Liver tumor, Alagile 
syndrome, schistosomia, Alcoholic liver cirrhosis, Focal nodular hyper-
plasia, jaundice, hyperbilirubinemia, and Dubin Johnson syndrome.

The distribution of patients based on their type of transplant and gen-
der is shown in Table (5). 25 females underwent deceased donor liver 
transplant whereas 51 had a living donor liver transplant. For males, 37 
underwent deceased donor liver transplant and 71 males underwent 
living donor liver transplant. The comparison between living-donor 
and deceased-donor transplant recipients revealed a statistically sig-
nificant difference in platelets (p=0.001), globulin (p=0.003), and al-
kaline phosphatase (p<0.001) as shown in table (6). Tacrolimus blood 
concentrations and doses for 10 levels post-transplant were collected 
as shown in Table (7). The average Tacrolimus blood concentration 
were found to be mean ± SD  7.0440 ± 1.7565  μg/L with an average 
dose mean ± SD 5.3557 ± 2.36454 mg.

Transplant type
Number (%)

Male Female Total
Deceased Donor 37 (34.2) 25 (32.8) 62 (33.6)

Living Donor 71 (65.7) 51 (67.1) 122 (66.3)

Table 5: The distribution of patients as a function of transplant type in 184 liver transplant recipients.

Test
Living-Donor
(n=122)

Deceased Donor
(n=62)

p-value*

Platelets                                  (103/µL) 100.12 ± 49.42 137.75 ± 79.81 0.001
Total protein                         (g/L) 52.42 ± 6.27 53.853± 6.13 0.098
Globulin                                  (g/L) 16.31 ± 5.46 18.84 ± 5.39 0.003
Alkaline phosphatase         (U/L) 88.01 ± 59.97 152.87 ± 88.92 0.000

Table 6: Comparison between living-donor and deceased-donor transplant recipients in some Clinical hematolog-
ical and biochemical characteristics
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Tacrolimus level Dose Concentration
Mean ± SD
Min-max

Mean ± SD
Min-max

TAC 1 4.1576 ± 2.3353
1 – 12

4.1560 ± 2.07698
2.10 – 15.70

TAC 2 4.7951 ± 2.54056 
1 – 15

5.5723 ± 3.06876
2.10 – 19.80

TAC 3 5.2361 ± 2.4586
1 – 12 

6.7147 ± 3.24414
2.10 – 14.90

TAC 4 5.5497 ± 2.64843
1 – 14 

6.4527 ± 2.44978
2.40 – 15.30

TAC 5 5.6381 ± 2.80579
1 – 16

8.2126 ± 3.95468
2.50 – 23.80

TAC 6 5.5721 ± 2.88719
1 – 16

8.2379 ± 3.82798
2.10 – 19.90

TAC 7 5.5282 ±  2.99939
1 - 17

7.8829 ± 3.49167
0 – 17.60

TAC 8 5.6618 ± 3.19381
1 – 16

7.2700 ± 2.56552
2.10 – 13.90

TAC 9 5.6523 ± 3.19475
1 – 16

8.1246 ± 3.56688
2.10 – 26.70

TAC 10 5.7948 ± 3.19744
1 - 16

8.0876 ± 3.46644
2.10 – 26.20

Table 7: The average Tacrolimus blood trough concentrations and the average dose 
for 184 liver transplant patients

Estimation of tacrolimus binding
It is well known that tacrolimus preferentially binds to erythrocyte af-
ter drug absorption. Jusko et al., (1995) (11) suggested a theory-based 
model included concentration-dependent binding of tacrolimus to 
erythrocyte. The equation that describes the model is as follows:

where 
•   CWB  is the concentration of tacrolimus in whole blood
•   CP is the free (unbound) concentration of tacrolimus in plasma
• Bmax  is the maximum binding concentration expressed as volume of 
erythrocyte
•KD is the equilibrium dissociation constant of plasma
•FHCT is the fraction of hematocrit
 CWB  and FHCT  were taken from the medical record of each patient. 
The free concentration of tacrolimus in the plasma (CP ) was predicted 

max1 HCT
WB P

P D

B FC C
C K

 ⋅
= + + 

using nonlinear regression analysis of Equation 1. The values of Bmax 
and KD were extracted from published reports (Jusko et al 1995) (11) as 
418 µg/L and 3.8 µg/L, respectively. These two values were used as the 
constants of the equation.  
Table 8 shows the predicted tacrolimus unbound (free) concentration 
in plasma versus its concentration in whole blood as a result of the 
changes observed in the fraction of hematocrit in our sample of pa-
tients. The percentage of the drug bound to hematocrit was also cal-
culated as shown in the table. Nonlinear regression analysis was used 
to fit the data to the appropriate model for the relationship between 
these variables. The predicted free tacrolimus plasma concentration 
averaged 239.3 ng/L (range, 147-286 ng/L) in these patients and per-
centage of tacrolimus bound to erythrocytes was found to be 96.61% 
(i.e., the free drug concentration that elicits pharmacologic response 
is less than 3.5% of the total concentration in the blood). This result 
revealed that the drug distributes into the erythrocytes and binds to 
them showing a blood to plasma ratio of 27.75 with the fraction of 
hematocrit of about 27%.
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Tacrolimus 
level

CWB
(µg/L) FHCT Cp

(µg/L) % bound

TAC1 4.17 ± 2.11 0.256 ± 0.035 0.147 ± 0.006 96.47
TAC2 5.58 ± 3.11  0.26 ± 0.033 0.195 ± 0.008 96.50
TAC3 6.75 ± 3.28 0.264 ± 0.034 0.237 ± 0.008 96.48
TAC4 6.74 ± 2.36  0.28 ± 0.051 0.209 ± 0.006 96.73
TAC5 8.27 ± 3.97  0.27 ± 0.038 0.286 ± 0.011 96.54
TAC6 8.30 ± 3.84  0.27 ± 0.042 0.281 ± 0.010 96.61
TAC7 7.92 ± 3.49  0.27 ± 0.041 0.270 ± 0.010 96.59
TAC8 7.27 ± 2.56  0.28 ± 0.049 0.241 ± 0.007 96.68
TAC9 8.11 ± 3.57  0.28 ± 0.051 0.269 ± 0.010 96.68
TAC10 8.08 ± 3.46  0.28 ± 0.055 0.258 ± 0.009 96.80

Cwb= concentration in whole blood, Cp= concentration in plasma, FHCT= fraction of hematocrit, TAC= tacrolimus trough level
Table 8: the estimated tacrolimus unbound (free) concentration in plasma (Cp) and tacrolimus binding percentage to erythrocyte 
in 184 liver transplant recipients

Discussion
Tacrolimus trough levels for 184 adult liver transplant patients were 
extracted from the medical files of the studied patients, with other 
demographic characteristics, concurrent diseases, concomitant inter-
acting drugs and important lab results.
Our sample showed a statistically significant difference between 
males and females with regard to height, IBW, BMI and BSA. These 
differences are caused by higher muscle mass in males and greater 
bone density. These factors also contribute to the difference in serum 
creatinine, BUN and creatinine clearance between males and females.
The difference in graft size between living-donor and deceased-donor 
liver transplant may be the reason for the statistically significant differ-
ence regarding platelets, globulin, and alkaline phosphatase.
Males and females showed statistically different values for MCHC, se-
rum creatinine, and total protein. This difference may be attributed to 
different muscle mass between females and males.
Tacrolimus binding to erythrocyte was estimated using nonlinear re-
gression to be 96.61% meaning that less than 3.5 % of the unbound 
drug elicits the pharmacological action. Other investigators reported 
that tacrolimus distributes into and binds to erythrocytes, showing a 
blood-to-plasma ratio of approximately 50 with a hematocrit of 45% 
(12), and the unbound fraction in the blood is <1% (13).
Conclusion
This is a retrospective study conducted in Riyadh for the estimation of 
Tacrolimus erythrocyte binding after liver transplant.
It was found that less than 3.5 % of the total concentration of Tacrolim-
us in blood elicits the pharmacological response. 
Recommendation: 
Multicenter larger studies are still required to determine other factors 
affecting the trough concentrations of the drug and causing inter and 
intra patients' variability.
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