M easurem ent of cyclosporine A in aqueous humor of rabbit eyes by HPLC
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ABSTRACT: OBJECTIVE To develop a simple and reproducible high-performance liquid chromatography ( HPLC) method for de-
temm ination of cyclosporine A ( CsA, also known as cyclosporin A) in aqueous humor of rabbit eyes using CsD as interal standard.
METHODS The pretratment involved one step of liquid- liquid extraction with ether from aqueous humor samples. Chromatography
was carried out using an ODS column which was controlled at 75°C under isocratic elution with the mobile phase of acetonitrile-de ion-
ized water (89:11, v/v) at the flow rate of0. 1mL* min"' and the detector set at200 nm. RESULTS The mean absolute recovery of
CsA from aqueous humor was 86% and the mean rlative recovery was 100. 7% . The linearity was assessed in the range of 25 ~ 500 ng
* mL', with a correlation coefficient of 0. 9986. The lim it of quantification and detection of the present method were 25 and 10 ng*
mL™', respectivel,. CONCLUSION This method has been used to analyze large numbers of aqueous humor samples of rabbit eyes
for ophthalm ic research and proved to be rapid with good accuracy and precision.
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1 Introduction tion' > 7?1

Cyclosporine is a cyclic undecapeptide consisting of 11 am - During the past two decades, many attempts have been

no acids. It is an important immunosuppressive drmug used com-
monly to reduce tissue rejection after organ transplantation. Topi
cal preparation of CsA dmg delivery system vehicled by biode-
gradable PLGA or ophthalm ic solution can be used to prevent re-
jection of penetrating keratoplasty (PKP)“'Z]. Methodological
approaches to measuring CsA: include high-perfommance liquid
chromatography ( HPLC) and a variety of immunoassay-based
methods. Although immunoassay-based methods are simple to
use, the cross-reactivity of the antibody with the metabolites
leads to overestimation of the parent CsA concentrations in sam-
ples by these methods. The great different amount of protein in
blood and aqueous humormake them not appropriate for detem

nation of CsA in aqueous hum or because of the different absorp-

29, )
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made to improve HPLC method for CsA analysis in blood, resul-
ting in numerous published methods most of which involve the
use of solid-phase extraction ( SPE) procedure or liquid liquid
extraction followed by reconstitution with n-hexane using Cyclos-

porin D (CsD) as intemal standard, which is time-consu-

ming "7,

can only offer detection lim it of 50 ng* mL™' from 1 to2mL ma-

Whats more, the described chromatographic operation

trix which can not be followed to detem ine the small-volumed
specimen with low CsA concentration such as aqueous humor
with volume of 0. 2mL.

The present study aims to modify the rported method for
CsA assay in aqueous humor. In this paper, we report a simple

and reproducible HPLC method using simple pretreatment proce-
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dure and demonstrate applicability of the method.
2 Materials and m ethod
2.1 Reagents

All chemicals were reagent or HPLC grade. Acetonitrile,
methanol, were obtained from Merck, Gemany. Both CsA and
CsD standard products were provided by National Institute for
Control of Phamaceutical and Biological Products. Deionized
water was obtained by using USF-ELGA purification system.
2.2 Instrumentation

Analysis was performed using a Agilent 1100 HPLC system
(Agilent, USA) consisting of a on-line degasser, a quatemary
pump, a autoinjector, a column oven, a VWD detector and a
chemstation. A stablebond C, rweversed-phase column ( 80A,
SHm, 2. 1mm i d., dpl50mm ZOBARX, Agilent, USA) was
used for chromatographic separation. The detector was set to 200
nm. The mobile phase comprised of acetonitrile- deionized water
(89:11). Analyses were mun at flow rate of 0. ImL* min~' at
75°C for10min. The samples were quantified using peak height
ratio of CsA and CsD.
2.3 Standard solutions

The stock standard solutions of CsA and CsD (1mg-*
mL') were prepared by dissolving the powder in methanol re-
spectively. For constructing calibration curves and for assay valtr
dation covering the range, both the working standard solutions of
2.5bge mL™' for CsA and 25U g* mL' for CsD were obtained
by diluting stock solutions.
2.4 Sample preparation

To a 200HL of aqueous humor in conical test tube, 2HL
working standard solution of CsD and 1 mL ether were added suc-
cessively. The tube was vortex-m ixed for 60s and centrifuged for
2 min at3000 rpm. The supematant layer was transferred to an-
other clean tube and evaporated in-water bath at 60°C . After re-
constitution with 20l L mobile phase, 10ML volume was injected
into the chromatograph.
3 Results and conclusion
3.1 Chromatographic behavior

The selectivity of the HPLC method was checked by analy-
zing different independent blank aqueous humor samples from
rabbit eyes mespectively. Representative chromatograms showed
in Figl indicate that no endogeneous interfering peaks at the re-
tention time of CsA were found.
3.2 Linearity

The linearity was evaluated with six blank aqueous humor
spiked with various amounts of working standard solution contat
ning 25, 50, 100, 200, 400, and 500 ng* mL™' of CsA. For

each concentration three measurements were performed and
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Fig1 Chromatograms of blank aqueous humor ( a) and con-
trolled sample ( b) of rabbit eyes
1 A HPLC
a. b.

calibration curves based on the peak height ratio of CsA and CsD
versus nom inal concentrations of CsA expressed in ng* mL’'
were constructed. The equation was y =0. 694391 x with the cor
relation coefficient of 0. 9986 and was calculated by least-square
linear regression analysis packed in the chemstation.
3.3 Accurnacy and rcovety

In the accuracy evaluation, three working standard solutions
in aqueous humor covering the calibration range and containing
25, 100 and 500 ng* mL™" of CsA wer prepared as described
in the pretreatment section previously. Five consecutive measure-
ments were performed for each concentration within the same
day. Relative recovery was calculated by comparing the results
from the standard curve above and the theoretical concentrations.
Extraction recovery was calculated by comparing the heights of
CsA from aqueous humor spiked with working standard solution
and those resulting from the direct sampling of working standard
solutions prepared in mobile phase having the same theoretical
concentrations of CsA considering the folding effect and complete
recovery of the pretreatment. The individual and the overall mean
percent recovery were calculated in Table I and a RSD value of
maximum 15% was set as the acceptance criteria.
Tab 1 Recovery of the method for analysis of CsA in aqueous
hum or

1 CsA (n=5)

Concentration Relative recovery Absolute recovery

(nge mL") recovery’ RSD recovery RSD
(%) (%) (%) (%)

25 104.4 £10.1 9.7 86 £7.2 8.4

100 99.4 *6.1 6.1 88 16.8 7.7
500 98.46 £4.36 4.4 83 +7.3 8.8

Note: * calculated from peak height ratio ( CsA: CsD) and expressed as
recovety in percent, n =5, x £s.
( CsA: CsD), ,n=5,x%s.
3.4 Reproducibility
The within-day and day-to-day analytical reproducibility
were detem ined by analyzing three different working standard so-

lutions in aqueous humor having 25, 100 and 500 ng* mL' of
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CsA showed in Table 2. Five consecutive measurments were
perfomed for each concentration within the same day and on five
different days. The acceptance criteria for within-day and day-to-
day R. S. D. values were not more than 15% .
3.5 Sensitivity

The sensitivity in tems of detection and quantification lim its
were detem ined by using series of different working standard so-
lutions in aqueous humor varying from 5 to30ng® mL™' of CsA,
which were prepared as described in the standard solutions and
pretreatment sections. The concentration measured with suitable
accuracy and precision was accepted as the limit of quantifica-
tion. The lim it of detection at a signal-to-noise ratio of about3:1
was regarded as the lowest detectable amount which was 10ng*
mL".
Tab 2 W ithin-day and between-day reproducibility of the meth-

od for analysis of CsA in aqueous humor

2 (n=5)
Concentration W ithin-day Between-day
added - .

(ng® mL™") found RSD found RSD
(%) (%) (%) (%)
25 25 26.1 F2.52 9.7  26.73%3.56 13.5
100 100 100.2 £6.93 6.9 96.8 £9.97 10.3
500 500 506.5 £21.6 4.3 504.7 £29.1 5.8

Note: © Calculated from peak height ratio ( CsA: CsD) and expressed as
found amount in percent, n =35, x ts.
. ( CsA: CsD), ,n=5,x%s

4 Discussion

Most of the HPLC methods'® 7! use extensive sample clean-
up procedure following deproteinization that complicates HPLC
assay of CsA in the whole blood. This may explain why most of
the labomatories prefer to use immunoassay methods. In the pres-
ent study, it is dem onstrated that CsA in aqueous humor could be
analyzed by HPLC following only one-step extraction.

Commercially available HPLC columns show great differ
ences in their chromatographic behavior. Columns with different
packing materials such as C18, C8, and CN were tested and all
were found suitable according to the refference®!. Columns like
CN should be operated at 60C with the mobile phase of 50%
acetonitrile, while 70°C and 75% acetonitrile should be used for
Cl8 or C8 columns. To improve the sensitivity, analytical nar
row-bore column of CI8 controlled at 75°C was applied in this
study with better performance. The detective wave length of
200nm was used in this study which was different from reference
but showed strongest absorption. The reduction of flow rate from
usuallmL* min"' to 0. I1mL* min' causes the probability of
improving sensitivity greatly which makes it possible to measure
CsA in aqueous humor.

The storage condition is usually considered important when
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validating a method. As is reported that freezing of blood samples
increases interferences dramatically and should be avoided. Sev-
eral studies show that CsA is stable in blood samples for2 ~ 3
months when stored at1 ~4C™ . In this study, even though
stored up to more than 3 months at4C or below 0C, the num-
ber and intensity of interfering peaks were not increased and the
CsA was still well separated in aqueous humor samples. Repre-
sentative chromatograms obtained with CsA are shown in Fig. 1.
The CsA peak, which had a retention time of 7.8 min, was well
resolved and free of interference from endogenous compounds in
the aqueous humor. One fact should be noted that polypropylene
tubes can not be used for pretreatment to avoid interfering addi
tives which have much similar chromatographic behavior as CsA
in them.

In conclusion, the HPLC method described here is simple,
sensitive, meproducible and is applicable to phamacokinetic
studies of CsA in aqueous humor of mabbit eyes during topical

the rapy.
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