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Abstract: The present study describes a simple and stability-indicating reverse phase high-performance liquid
chromatography (RP-HPLC) method for the determination of tacrolimus (FK506) and its related substances in
tacrolimus capsules and degradation studies. The chromatogram of KF506 and its isomers named isomer I(IS-I),
isomer II(IS-II) and other unknown related substances were found. Successful separation of the drug from the
related substances and its isomers were achieved on a KromasiL100-5 C18 column (250×4.6mm, with a diameter
of 5μm) and detector of UV at 215nm, 1.0ml/min as a flow rate, and 20 μl as an injection volume. For the RP-
HPLC method, acetonitrile- water- phosphoric acid (700: 300: 0.2, v/v/v) was used as mobile phase and the
column temperature was 60℃. Accuracy satisfactory by % recovery obtained in the range of 97.36%-101.42%,
the linearity results for KF506 and impurities in the specified concentration calibration curves was linear with a
coefficient of variation (r) not less than 0.99. An accelerated degradation study was carried out in FK506
capsules under the conditions including acid, base, peroxide, heat and photolytic degradation. The proposed RP-
HPLC assay was found to be specificity, linearity, and precision, intermediate precision, and accuracy, stability
in the assay solution and robustness.
Keywords: Tacrolimus; Reversed phase high performance liquid chromatography;Related substances; Forced
degradation; Isomers.

1. Introduction

Tacrolimus (also called FK506) was among the first
macrolide immunosuppressants discovered,
preceded by the discovery of rapamycin (sirolimus)
on Rapa Nui [1,2]. Although it is produced by a type
of bacterium called Streptomyces tsukubaensis, it
was isolated from soil fungus initially [3,4,5]. In
1994, FK506 was firstly approved by the Food and
Drug Administration for liver transplantation. Later,
it has been further used for the treatment of organ

transplants including kidney, heart, small bowel,
pancreas, lung, trachea and skin[6,7].
  Organic impurities in drug substances can arise
during the manufacturing process and storage. Thus,
the criteria for their acceptance of certain limits are
based on pharmaceutical studies or known safety
data [8]. Several methods have been reported for
the analysis of KF506 and related substances in
drug products [9,10]. High performance
liquid chromatography (HPLC) using UV detection
has been proposed for the separation of its
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isomers and other unknown related substances
[11,12,13,14,15,16]. However, no validated
stability-indicating reversed phase HPLC (RP-
HPLC) method has been used for the separation and
quantitative analysis of KF506 in its pharmaceutical
forms and its related substances including IS-I and
IS-II. In addition, drug impurities generally appeared
due to various environmental factors such as being
exposure to acid, base, peroxide, heat and photolytic
conditions. Therefore, stress testing can help to
identify the degradation of the drugs, which will
provide important information about intrinsic
stability of the drug product.
  In this study, a rapid and validated RP-HPLC
method was developed to separate KF506 and its
isomers. The limit of detection (LOD), limit of
quantification (LOQ) and sensitivity of the method
was tested in accordance with Chinese
Pharmacopoeia (CP) and ICH guidelines [17,18].

2. Experimental and Methods

2.1 Reagents, Materials and Instrumentation
Acetonitrile was obtained from Anhui Sinikang
Medicine Technology Ltd (Hefei, China). All other
chemicals of analytical grade were gained from local
sources unless specified. The instrument used was a
Shimadzu LC-10Avp HPLC system consisting of a
pump, a UV detector (Suzhou Shimadzu, China) and
N2000 data analysis software. KromasiL 100-5 C18

HPLC columns (250×4.6mm i.d., 5µ particle sizes)
were used for the analysis.

2.2 Preparation of standard solution
Weigh and transfer accurately about 100.0 mg
FK506 into a 100ml volumetric flask. Then the drug
was dissolved by the diluent solution consists of
acetonitrile and water (50:50, v/v), and then dilute
up to the mark with the diluent solution. Precisely
measure amount of 1 ml, 3 ml, 5 ml, 7 ml and 10 ml
the above FK506 solution, and then dilute them to a
100ml volumetric flask using the diluent solution,
respectively.

2.3 Preparation of sample solution
Twenty capsules of KF506 were powdered and the
capsule powder equivalent to about 2.5mg of KF506
was accurately weighed into a 25 ml volumetric
flask. Then about 15ml the diluent solution consists
of acetonitrile and water (50:50, v/v) was added and
sonicated for 5 min and the volume was made up to
25 ml with water and the solution was mixed
thoroughly to achieve a concentration of 100 μg/ml
of KF506. The solution was centrifuged for 10

minutes at 3000 rpm and filtered through 0.45
micron cellulose acetate filter.

2.4 Method validation
The RP-HPLC method was validated for specificity,
system suitability, linearity, LOD, LOQ, precision,
accuracy, solution stability and robustness according
to CP and ICH guidelines.

2.5 Statistical analysis
The %RSD value, the linear regression analysis by
the method of least squares and other statistical
analysis were calculated using Excel program.

3. Results and discussion

3.1 Optimization of chromatographic conditions
During method development, many HPLC columns
were evaluated for the peak shape, retention time
and resolution of KF506, IS-I and IS-II peaks. To
obtain the selectivity for substances, trials were
conducted using ctadecyldimethyl-silane (C18) and
octyldimethylsilane (C8) stationary phases with
changing pH, flow rate, composition of mobile
phase solution of different column and temperature.
IS-I, IS-II, KF506 and other unknown related
substances was eventually separated using a
KromasiL100-5 C18 HPLC column (150mm×4.6mm,
5μm particle sizes). The chromatograms recorded
using these columns have been presented in Figures
1 to 2.

Acetonitrile, water and phosphoric acid were
selected as the mobile phases. An asymmetry peak
shape was obtained as the column temperature was
50℃. Whereas, a symmetry peak shape was
obtained as the column temperature was 60℃. The
optimized wavelength was 215nm as the
pharmaceutical excipients in KF506 capsules did not
interfere with each other at this wavelength (Figure
3, Figure 4 and Figure 5). The system suitability
parameters were achieved using different test mobile
phases and column temperatures (Table 1). The
standard and spiked sample chromatograms obtained
by using the selected column and the mobile phase
has been presented in Figures 3 and 4, respectively.
The retention times of KF506, IS-I and IS-II are
about 12.0, 7.0 and 10.0 min, respectively. The
relative retention time of KF506 was 1.71 and IS-II
was 1.43 with respect to IS-I peak. The tailing factor
for the peaks was not more than 1.0 and the number
of theoretical plates of the peak of KF506 was more
than 2000. The peaks of KF506, IS-I and IS-II were
spectrally pure as calculated by the software on the
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basis of the purity angle and purity threshold. For
the RP-HPLC, acetonitrile- water- phosphoric acid
(700: 300: 0.2, v/v/v) was used as mobile phase and
the column temperature was 60℃. The wavelength
was set at 215nm using a KromasiL100-5 C18 HPLC

column (150mm×4.6mm, the diameter of the
particle was 5μm). The flow rate was kept at
1mL/min. The sample injection volume was 20 µl.

Figure1 Standard chromatogram in C8 column 250 × 4.6 mm, 5 µ.

Figure 2. Standard chromatogram in C18 column 250 × 4.6 mm, 5 µ, using acetonitrile-water（65：35）as mobile
phase, the column temperature at 60℃.
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Figure 3. Standard chromatogram in C18 column 250 × 4.6 mm, 5 µ, using acetonitrile- water- phosphoric
acid(700：300：0.2 v/v/v), the column temperature at 50℃.

Figure 4. Standard chromatogram in C18 column 250 × 4.6 mm, 5 µ, using acetonitrile- water- phosphoric
acid(700：300：0.2 v/v/v), the column temperature at 60℃.
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Figure5 Chromatogram of blank sample solution

Figure6 Chromatogram of acid degradation
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Figure 7 Chromatogram of thermal degradation

Figure8 Chromatogram of peroxide degradation
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Figure9 Chromatogram of photolytic degradation

Figure10 Chromatogram of alkali degradation
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Tab1e1- the system suitability parameters using different test mobile phase and different column temperature

 chromatographic conditions system suitability parameters

Retention time Theoretical -plates separating -degree trailing factor Asymmetry factor
mobile phase

column
temperat

ure IS-I IS-II KF506 IS-I IS-II KF506 IS-I IS-II KF506 IS-I IS-II KF506 IS-I IS-II KF506

acetonitrile-
water（65：35） 50℃ 2.182 2.740 17.548 242.14 414.77 2015.61 0.785 0.863 11.974 1.02 2.491 0.709 1.407 3.793 0.700

acetonitrile-
water（65：35） 60℃ 2.215 2.793 9.365 183.28 104.88 2607.52 1.197 0.710 2.343 1.094 2.438 0.726 1.399 4.012 0.708

acetonitrile-
water（70：30） 60℃ 2.207 2.640 12.365 1076.0 4600.9 2015.12 1.484 1.150 9.246 1.224 2.686 1.575 1.448 4.020 0.918

acetonitrile-water-
phosphoric

acid（700：300:0.1）
50℃ 3.548 10.515 12.907 4712.1 8002.2 1048.15 4.028 17.490 1.968 1.246 1.075 0.936 1.411 1.067 0.860

acetonitrile-water-
phosphoric

acid（700：300:0.1）
60℃ 6.682 10.032 12.098 1221.3 8802.4 2215.38 5.748 4.774 2.412 0.788 1.009 0.990 0.626 1.021 0.988

acetonitrile-water-
phosphoric

acid（700：300:0.2）
50℃ 6.515 9.865 11.932 1135.8 8400.7 2154.7 5.681 4.729 2.408 0.818 1.020 0.987 1.261 1.049 0.979

acetonitrile-water-
phosphoric

acid（700：300:0.2）
60℃ 6.682 10.032 12.098 1248.9 8462.8 2179.2 5.752 4.774 2.485 0.862 0.988 0.987 0.717 0.987 0.975

Table2- Linearity, LOD, LOQ and accuracy dataof KF506 and the two isomers

drug linear equation r range of concentration LOD LOQ
Accuracy

%Recovery(n=3)
KF506 Y=14328X+16944 0.9992 10.20μg/mL～100.20μg/mL 0.128μg/mL 10.20μg/mL 98.53～99.57

IS-I Y=12718X-917.54 0.9990 0.930μg/mL～9.303μg/mL 0.128μg/mL 0.930μg/mL 97.36～99.95
IS-II Y=10735X+657.07 0.9992 0.590μg/mL～5.903μg/mL 0.128μg/mL 0.590μg/mL 98.64～101.42
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3.2 Method validation
3.2.1 Specificity
To evaluate the ability of the proposed method to
separate FK506 form the isomers and its related
substances, degradation study was carried out under
stress conditions including heat (100℃, 4h), acid
(1.0M HCL,4h), base (1M NaOH, 4h), oxidation
(3.0% H2O2 RT, 4h) and photolytic degradation
(4500Lx, 4h). The chromatogram of the forced
degradation studies are given in Figure 6 to 10. The
blank sample solution had no interference with
KF506 and its isomers under the chromatographic
conditions (Figure 5). The study showed that the
baseline separation was achieved between the three
tautomeric isomers and their degradation products.
This study proved the specificity and stability-
indicating of the method.

3.2.2 Precision
The system precision was validated by injecting a
concentration of 50μg/ml of KF506 standard
solutions to prove the consistency of the signal
output from the HPLC system. The method
precision was assessed by calculating RSD (%) for
the results obtained from six individual injections
using standard and sample solutions to prove the
consistency of the method. RSD (%) of three
tautomeric forms (IS-I, IS-II and KF506) for method
precision were less than 3.5%, which are no more
than the acceptance criteria: % RSD not more than
5.0.

3.2.3 Linearity
The linearity of response for each known drug was
determined in the concentration range of the limit of
quantitation to about 150% of specification limit for
each known drug and substances. Acceptance
criteria squared correlation coefficient was not less
than 0.99 (Table2).

3.2.4 Limit of detection and limit of quantification
The Limit of detection (LOD) and limit of
quantification (LOQ) were determined from the
slopes of linear regression curves. The LOD and
LOQ for IS-I, IS-Ⅱand KF506 were determined by
injecting a series of dilute solutions. The results
were depicted in Table 2.

3.2.5 Accuracy
The accuracy of the method was verified by
calculating the recovery of IS-I, IS-Ⅱand KF506 at
three different concentrations of 80, 100 and 120%
at the specific limit. The results presented in Table 2
showed the recovery ranges from 97.36% to

101.42%, indicating the accuracy of the method was
acceptable.

3.2.6 Robustness
When the chromatographic conditions varied, the
chromatograph was recorded. The selected
parameters were mobile phase composition (±2% of
gradient composition), flow rate (±10%),
wavelength (±5nm) and column temperature (±2°C).
System suitability requirements of tailing factor,
number of theoretical plates and resolution were
within the specified limits even with the altered
method parameters indicating that the method is
robust and that slight changes the flow rate of
mobile phase and column temperature do not affect
the performance of the method.

3.2.7 Solution stability
The stability of the standard and sample solutions
was monitored at 0 h, 1 h, 2 h, 4 h, 6 h, 8 h, 12 h and
24 h. The results indicated no significant difference
was noted in the area of the peaks compared to the
initial peak area (within ±2% for KF506 and its
tautomeric isomers). All this demonstrated the test
sample was stable at room temperature for 24 hours.

4. Conclusions

The RP-HPLC method developed for the estimation
of IS-I, IS-II, KF506 and its related substances in the
capsules is very useful tool for monitoring of the
quality of KF506 and its pharmaceutical forms. The
method validation tests show that this is a stability
indicating robust method which can be used for
checking the quality of the manufactured capsules as
well as for stability studies of the pharmaceutical
capsules. The proposed RP-HPLC assay was found
to be specificity, linearity, and precision,
intermediate precision, and accuracy, stability in the
assay solution and robustness.
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