East Tennessee State University
Digital Commons @ East Tennessee State University

Undergraduate Honors Theses Student Works

5-2020

Therapeutic Drug Monitoring of Apixaban Using Chromogenic Kits

Brooke Vogel

Follow this and additional works at: https://dc.etsu.edu/honors

b Part of the Biochemistry Commons, Biology Commons, and the Medicinal Chemistry and

Pharmaceutics Commons

Recommended Citation
Vogel, Brooke, "Therapeutic Drug Monitoring of Apixaban Using Chromogenic Kits" (2020). Undergraduate
Honors Theses. Paper 560. https://dc.etsu.edu/honors/560

This Honors Thesis - Open Access is brought to you for free and open access by the Student Works at Digital
Commons @ East Tennessee State University. It has been accepted for inclusion in Undergraduate Honors Theses
by an authorized administrator of Digital Commons @ East Tennessee State University. For more information,

plea ontact digilib@e d

www.manharaa.com


https://dc.etsu.edu/
https://dc.etsu.edu/honors
https://dc.etsu.edu/student-works
https://dc.etsu.edu/honors?utm_source=dc.etsu.edu%2Fhonors%2F560&utm_medium=PDF&utm_campaign=PDFCoverPages
http://network.bepress.com/hgg/discipline/2?utm_source=dc.etsu.edu%2Fhonors%2F560&utm_medium=PDF&utm_campaign=PDFCoverPages
http://network.bepress.com/hgg/discipline/41?utm_source=dc.etsu.edu%2Fhonors%2F560&utm_medium=PDF&utm_campaign=PDFCoverPages
http://network.bepress.com/hgg/discipline/65?utm_source=dc.etsu.edu%2Fhonors%2F560&utm_medium=PDF&utm_campaign=PDFCoverPages
http://network.bepress.com/hgg/discipline/65?utm_source=dc.etsu.edu%2Fhonors%2F560&utm_medium=PDF&utm_campaign=PDFCoverPages
mailto:digilib@etsu.edu

Biology Honors-in-Discipline Program

East Tennessee State University

Therapeutic Drug Monitoring of Apixaban
Using Chromogenic Kits

Brooke Vogel

An Honors Thesis submitted in partial fulfillment of the Biology Honors-in-
Discipline Program, May 2020

Dr. Stacy Brown, Faculty Advisor

Dr. Darrell Moore, Thesis Reader

Dr. Tom Laughlin, Thesis Reader

www.manaraa.com



Abstract

Therapeutic Drug Monitoring of Apixaban Using Chromogenic Kits

by
Brooke Vogel

Apixaban is a novel oral anticoagulant that prevents clotting by directly inhibiting Factor Xa in
the coagulation cascade. Due to its different pharmacokinetics, previous standards for testing
anticoagulant concentrations are ineffective at measuring apixaban. In this study, Hyphen
Biomed Biophen Direct Xa Inhibitor and Biophen Heparin chromogenic kits from Aniara
Diagnostica were used with a NanoDrop™ One/One® Microvolume UV-Vis Spectrophotometer
to see if either of these kits provide acceptable precision and accuracy for the quantification of
apixaban in plasma samples, and to evaluate if there is a significant difference in these two Kits at

varying concentrations of apixaban.

www.manaraa.com



Acknowledgements

I would like to thank my research mentor Stacy Brown for letting me come into her lab with
something new and helping me every step of the way. While it did not always work out, she was

always there to help guide me in the right direction and help keep me on track.

I would also like to thank the ETSU Biology Honors in Discipline Program, especially Dr. Pyles,
for accepting me into this program and encouraging me to do research in whatever | found
interesting, even when it was not part of the Biology department. Lastly, I would like to thank
the Honors College for providing funding through the Student-Faculty Collaborative Grant, as

well as Aniara Diagnostics for donating some supplies when our first trials failed.

www.manaraa.com



Table of Contents

AADSEIACT ...ttt bR bR e bR E R bR R R R bbbttt 2
F Ao 101 T o [=T 1T £SO 3
INEFOTUCTION ...t bbb bbbt b bbb et r et 5
IMIBENOUS ...ttt bbb bbb bR b bR E R bRt bt bbb et 8

HEPAMNN LRT K ..oeiiiiiiisie ettt sttt et e st e ta e s e sbees e e nbesneeaesneeneeseneseensenneas 8

DD : LI L SO S T S PSPPI 9
RESUITS. ...t bbb bbb bbb e bbbt 10
DHSCUSSION ...ttt b bbb E bbb bbb e 15
CONCIUSIONS ...t bbb bbb bbb bbbt sr e ens 15
RETEIEICES. ...ttt bbb bbb bbb e bbb bbbt bbb 17

www.manharaa.com




Introduction

Anticoagulants (blood thinners) are medications prescribed to patients to reduce the risk
of blood clotting. Patients are usually prescribed anticoagulants following hip/knee replacement
surgery, pulmonary embolisms, strokes, heart attacks, or patients that have atrial fibrillation (1).
While they are prescribed frequently, there are risks to taking blood thinners such as increased

risks of major bleeding, thrombocytopenia, and osteoporosis, etc. (2).

Anticoagulants work by blocking the formation of a blood clot by affecting different

factors in the coagulation cascade (Figure 1) (3). Based on the type of anticoagulant, different

steps of the coagulation cascade are affected. For e et factor
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monitoring unfractionated heparin was the activated ~F'9ure 1. Coagulation Cascade (3).

partial thromboplastin time (aPTT) (4). The activated partial thromboplastin time is a method of
measuring blood coagulation by adding different solutions to the patient’s plasma sample, and
then measuring the clotting time (4). The aPTT is commonly around 22 to 40 seconds, and if it is
less than 22 seconds the prescription would be increased, but if greater than 40 seconds, the

prescription would be decreased (4). Following UFH was the creation of new Low Molecular
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Weight Heparin (LMWH) which is one-third of the weight of UFH (2). This lower weight made
the LMWH more predictable in its binding to antithrombin and lowered its affinity for cells and
plasma proteins, which led to it becoming the recommended treatment over the UFHSs (2). While
LMWH was more predictable, close monitoring was still required, commonly still using aPTT.
Warfarin is another common anticoagulant that was produced in the 1950s and is a Vitamin K
antagonist. Warfarin affects coagulation by interfering with the conversion of vitamin K to its 2,
3 epoxide, which is required to activate different coagulation factors (1). This can be seen in
Figure 2 (5). Warfarin also needs to be monitored to keep levels in the appropriate range;

however, warfarin is commonly measured by the Prothrombin time/ International Normalized

Ratio (PT/INR) (4). Prothrombin time is NADHR - dependent
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Figure 2. Vitamin K Conversion Cycle (5).
International Normalized Ratio was
created by dividing the patients PT by the mean normal PT (4). The latest anticoagulant type is
the thrombin inhibitors or Factor Xa inhibitors, which include apixaban. These type of inhibitors
act by reversibly blocking Factor Xa at its active site (6). These new anticoagulants are different
in that they generally do not require monitoring unless the patients have impaired renal function,

are elderly, or have extreme high or low body weights (6). They do not require monitoring due to

the specific affinity of the drugs to Factor Xa and their consistent peak and trough times. The
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major downside to these new anticoagulants is that they cannot be measured using the past

standards of aPTT or PT/INR because these methods are not sensitive to Factor Xa inhibitors (7).

Apixaban is considered a direct Factor Xa inhibitors. Apixaban is usually prescribed after
major orthopedic surgeries such as hip or knee replacements at a dosage of 2.5mg twice a day, or
in the case of preventing a stroke/atrial fibrillation a dosage of 5mg taken twice a day (8).
Apixaban has a peak concentration after three hours post dosage and has no interactions with
food, and has been found to be just as effective as warfarin in preventing deep vein thrombosis,
risk of stroke, and atrial fibrillation in patients (9). While regular monitoring is not needed for
apixaban, there are cases in which knowing the exact concentration would be important, such as
bleeding recurrence in thrombosis; before surgery in an invasive procedure, identification of
patients taking other drugs with possible interactions, suspicion of overdose, or need of reversal
of anticoagulant (10). As mentioned earlier, apixaban cannot be effectively measured using aPTT
or PT/INR methods,; however, there is some evidence suggests that chromogenic Xa assays can
be effective in measuring apixaban concentrations (11). There are several different types of
chromogenic Kits available to measure Antifactor Xa activity, but this research exclusively
investigates the Hyphen Biomed Biophen Direct Xa Inhibitor and Biophen Heparin chromogenic

kits from Aniara Diagnostica.

The purpose of this research is to compare the specific Biophen Direct Xa Inhibitor
(DiXal) chromogenic assay to the non-specific Biophen Heparin LRT chromogenic assay and
determine if there are any differences between the two in terms of sensitivity, specificity, or

reproducibility in measuring the Direct Xa inhibitor Apixaban.
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Methods

Heparin LRT Kit

The procedure for the Heparin Kit is the same as stated in the BIOPHEN Heparin LRT Kit’s
packaged instructions. The BIOPHEN Apixaban Standard Range Calibrator set and BIOPHEN
Apixaban Standard Range Control set was used for this experiment. The first step was to
reconstitute the BIOPHEN Apixaban Calibrators (Cal 1-3) and Controls (C1, C2) with 1mL of
distilled water, mix, then let stabilize to room temperature for thirty minutes. Meanwhile, the
Heparin Reagent 1 (R1) and Reagent 2 (R2) were equilibrated to room temperature for thirty
minutes. While waiting for them to stabilize, a water bath was set to 37°C and 2 sets of
microcentrifuge tubes were labelled the following: R1, R2, Cal 1, Cal 2, Cal 3, C1, and C2. At
the end there were 14 total labelled microcentrifuge tubes. One set of empty microcentrifuge
tubes was placed into the water bath to get them to 37°C. In the R1 and R2 tubes in the water
bath, 250l of each reagent was pipetted into the corresponding microcentrifuge tube and
allowed to reach 37°C. Next the calibrators and controls were diluted. For the Apixaban Standard
Range set of Calibrators and Controls, a 1/15 dilution was needed with 50ul of each
calibrator/control in 735ul of physiological saline. Next, a 10ml of a 20% acetic acid solution
was prepared with 2ml of acetic acid in 8ml of water. After everything had stabilized, 100ul of
each calibrator and control were placed into corresponding microcentrifuge tube that was in the
water bath. The entire experiment was then conducted in the water bath. The experiment started
Calibrator 1 and 250uL of preincubated R1 were put into the Cal 1 preincubated
microcentrifuge tube, and sat in the bath for 2 minutes undisturbed. Then after 2 minutes, 250pl
of the preincubated R2 was added. Two minutes after the addition of R2, the reaction was

stopped with 400 pl of the 20% acetic acid. This process was repeated for each of the calibrators
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and controls. Then the samples were run at 405nm using a program on a NanoDrop™ One/One®

Microvolume UV-Vis Spectrophotometer.

DiXal Kit

The procedure for the DiXal Kit is the same as stated in the BIOPHEN DiXal Kit’s packaged
Instructions. The BIOPHEN Apixaban Standard Range Calibrator set and BIOPHEN Apixaban
Standard Range Control set was used for this experiment. The first step was to reconstitute the
BIOPHEN Apixaban Calibrators (Cal 1-3) and Controls (C1, C2) with 1mL of distilled water,
mix, and then let stabilize to room temperature for thirty minutes. Meanwhile, the DiXal Reagent
1 (R1) and Reagent 2 (R2) were reconstituted with 2.5mL of distilled water, mixed, and let
stabilize to room temperature for thirty minutes. The pre-constituted DiXal Reagent 3 (R3) was
also set to room temperature for thirty minutes. While waiting for them to stabilize, a water bath
was set to 37°C and 2 sets of microcentrifuge tubes were labelled the following: R1, R2, Cal 1,
Cal 2, Cal 3, C1, and C2. At the end there were 14 total labelled microcentrifuge tubes. One set
of empty microcentrifuge tubes was placed into the water bath to reach 37°C. In the R1 and R2
tubes in the water bath, 1000l of each reagent was pipetted into the corresponding
microcentrifuge tube and let reach 37°C. Next the calibrators and controls were diluted. For the
Apixaban Standard Range set of Calibrators and Controls, a 1/40 dilution was needed with 50ul
of each calibrator/control in 1985ul of Reagent 3 (R3).Next, 10ml of a 20% acetic acid solution
was prepared with 2ml of acetic acid in 8ml of water. After everything had stabilized, 200l of
each diluted calibrator and control was place into its corresponding microcentrifuge tube that
was in the water bath. The entire experiment was then conducted in the water bath. Starting with
Calibrator 1, 200uL of preincubated R1 was added to the microcentrifuge tube labelled R1 that

was in the water bath. After 1 minute, 200l of the preincubated R2 was added. Exactly 45
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seconds later the reaction was stopped by adding 400 ul of the 20% acetic acid. This process was
repeated for each of the calibrators and controls. Afterwards, each of the calibrators and controls
were placed on a NanoDrop™ One/One® Microvolume UV-Vis Spectrophotometer and run at

405nm. Each of the calibrators were run five times to test reproducibility.

Results

Table 1 summarizes the apixaban concentration (z standard deviation) measured at
405nm using the DiXal and Heparin kits from Aniara Diagnostics and the NanoDrop instrument
from Thermo Scientific. Since all samples tested were standardized calibrators and controls
prepared in lyophilized plasma, the target values for apixaban in these samples is also shown in
the table. The mean and standard deviation for the Heparin and DiXal kits were computed using
Prism GraphPad 8 software. Before calculating results, out of range values and outliers were
taken from the data using the ROUT function in GraphPad. Both a Welch’s t-test and an
independent t-test was done for each of the data sets. An independent t-test was used to see if
there was a significant difference in the mean between the Heparin LRT kit and the DiXal kit. A
Welch’s t-test was done to compare each the DiXal and Heparin kit’s values to the target values
at each of the calibrators and controls, with an a priori level of significance assigned at p=0.05.
As seen in Table 1, there was a significant difference in the target value and measured value for
both the Heparin and DiXal kits at Calibrator 1 and Calibrator 2. There was also a significant
difference in the target value and measured value at Calibrator 3 for the Heparin Kit, and Control

2 for the DiXal Kit.

10
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Target Value | Kit N | Mean | Std Deviation | Sig. (2-tailed)
Calibrator 1 | 0.000 DiXal 26 | 0.0249 | 0.0153 <0.005
Heparin | 22 | 0.0250 | 0.0188 <0.005
Calibrator 2 | 0.290 DiXal 30 | 0.2588 | 0.0276 <0.005
Heparin | 30 | 0.2680 | 0.0394 0.005
Calibrator 3 | 0.578 DiXal 10 | 0.5713 | 0.0148 0.185
Heparin | 18 | 0.5456 | 0.0433 0.006
Control 1 0.178 DiXal 29 | 0.1734 | 0.0266 0.596
Heparin | 29 | 0.1825 | 0.0394 0.548
Control 2 0.384 DiXal 28 | 0.4211 | 0.0328 0.000
Heparin | 28 | 0.3701 | 0.0555 0.196

Table 1. Welch’s T- Test Results for DiXal and Heparin Kit at p,0.05.

An independent-t-test was also done between the two kits at each of the calibrator and
control concentrations. For Calibrator 1, both the DiXal and Heparin kits had similar mean
values and both kits had at least five out of range values; however, the DiXal kit had a slightly
smaller standard deviation than the Heparin kit but was further away from the target value than
the Heparin kit, as seen in Figure 1. Calibrator 2 had similar results with both kits not being
significantly different from each other, as well as DiXal having a smaller standard deviation and
Heparin being closer to the target value as seen in Figure 2. Calibrator 2 was different from the
other calibrators and controls in that there were no out of range values measured. Figure 3
displays the results of the independent t-test for Calibrator 3. Calibrator 3 not only had the most
out of range values compared to any of the other concentrations but was the only concentration
that had a significant difference between the Heparin and DiXal kit values. For Calibrator 3, the
Heparin kit was significantly different than the DiXal kit, with the DiXal kit having a smaller

standard deviation and being closer to the target value than the Heparin kit. In Figure 4 is the t-

11

www.manaraa.com



test results for Control 1. For Control 1, neither Kkits were significantly different from each other;
however, once again DiXal had a smaller standard deviation and was closer to the target value.
Lastly, Control 2 results for the independent t-test is found in Figure 5. For Control 2, there was
a significant difference between the two kits’ results at p=0.05, and the Heparin had the smaller

standard deviation and was closer to the target value than the DiXal Kit.

DiXal versus Heparin Kit for Calibrator 1

0.10+
S
5 0.08
o
<
T 0.06-
)
(&S]
& 0.04 1
=
%
_2: 0.024 J_
0.00 T J.—
DiXal Heparin
Kit

Figure 1. Boxplot for DiXal and Heparin absorbance values at 405nm for Calibrator 1. At
p,0.05, no significant difference between DiXal and Heparin kits at Calibrator 1.
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DiXal versus Heparin Kit for Calibrator 2
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Figure 2. Boxplot for DiXal and Heparin absorbance values at 405nm for Calibrator 2. At
p,0.05, no significant difference between DiXal and Heparin kits at Calibrator 2.

Kit

DiXal versus Heparin Kit for Calibrator 3
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Figure 3. Boxplot for DiXal and Heparin absorbance values at 405nm for Calibrator 3. At
p,0.05, there is a significant difference between DiXal and Heparin kits at Calibrator 3,

indicated by (*).
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DiXI versus Heparin Kit for Control 1
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Figure 4. Boxplot for DiXal and Heparin absorbance values at 405nm for Control 1. At
p,0.05, no significant difference between DiXal and Heparin kits at Control 1.

DiXal versus Heparin Kit for Control 2
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Figure 5. Boxplot for DiXal and Heparin absorbance values at 405nm for Control 2. At
p,0.05, there is a significant difference between DiXal and Heparin kits at Control 2,
indicated by (*).
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Discussion

The DiXal kit was more precise as shown by the smaller standard deviation at every
concentration level when compared to the Heparin kit. For example, at Calibrator 1 DiXal kit’s
standard deviation was 0.0153, while the Heparin kit’s standard deviation was 0.0188. This trend
continues for every concentration. However, the Heparin kit tended to be more accurate when
comparing the measured concentration to the target concentration value. At Calibrator 2, Control
1, and Control 2, the Heparin kit’s mean was closer to the target concentration value than the
DiXal kit. For Calibrator 1 and Calibrator 3 the DiXal kit was more accurate for example
Calibrator’s target value was 0.578, and the DiXal kit's mean value was 0.5713 while the
Heparin kit’s mean value was 0.5456. Still, both kits still had a significant difference between
their mean values and the target values for every concentration except for Control 1. There is no
clear relationship between which kit performs more accurately at different concentrations, nor is
there a significant difference between either kit except for the higher concentrations which were
Calibrator 3 and Control 2. This difference in Calibrator 3 could be explained by both kits having
disproportionately high amounts of out of range values at this concentration. While measuring
the samples for Calibrator 3 the spectrophotometer repeatedly read out of range, which could
mean the measurement was too high seeing as this calibrator had the highest concentration of
apixaban. This could be fixed with another dilution; however, this protocol is already lacking in

accuracy and another dilution could add to it.

Conclusions
Overall, there was not a statistically significant difference between the two kits at almost
every concentration; however, the DiXal kit tended to be more precise while the Heparin kit

tended to be more accurate. For the most part, both kits gave results significantly different from

15
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the target values of each calibrator and control, and would not be the best option to quantify

apixaban blood levels. These kits could be useful to detect whether or not apixaban is in the

blood stream, if the concentration is not too high and does not give an out of range reading such
as with Calibrator 3. This could lead to less accurate readings and could alter the applicability for
the antidote Andexxa, if an overdose is suspected. These kits also have limited utility for
therapeutic drug monitoring, where dose adjustment for individual patients is predicated on
accurate drug measurements. Furthermore, the execution of these kits require finesse to achieve
accurate results. Not only does it require a UV-Vis spectrophotometer to be precisely tuned, it
also requires precise timing in allowing solutions to reach the proper temperatures, reagents to be
mixed at exact times, and samples that are only good for two hours after being mixed. As of
now, the gold standard to measure plasma drug concentrations is mass spectrometry which is
limited and expensive, so other techniques are being looked at such as using Dilute Russell’s
viper venom time which is commonly used for detection of lupus anticoagulants but has been

seen to be sensitive to determine the anticoagulant effects of apixaban (10).

16

www.manaraa.com



References
1. Oral Anticoagulants: Mechanism of Action, Clinical Effectiveness, and Optimal Therapeutic

Range. Hirsh, Jack, et al. 2001, Chest, pp. 8-21.

2. Evolution of heparin anticoagulants to ultra-low-molecular-weight heparins: A review of
pharmacologic and clinical differences and applications in patients with cancer. Walenga,
Jeanine M. and Lyman, Gary H. 2013, Critical Reviews in Oncology and Hematology, pp. 1-
18.

3. Shantsila, Eduard and YH Lip, Gregory. Non-Vitamin K Antagonist Oral Anticoagulants:
A Concise Guide. [Internet] s.I. : Adis, 2016.

4. Coagulation Assays. Bates, Shannon and Weitz, Jeffrey. 2005, Circulation, pp. 53-60.
5. Wikipedia. Vitamin K. Wikipedia. [Online] https://en.wikipedia.org/wiki/Vitamin_K.

6. The evolution of anticoagulant therapy. Franchini, Massimo, et al. 2016, Blood Transfusion,
pp. 175-184.

7. Standard Coagulation assays alone are not sufficient to exclude surgically relevant
rivaroxaban plasma concentrations. Kaserer, Alexander, et al. 2019, Perioperative Medicine,
pp. 8-15.

8. Impact of apixaban on routine and specific coagulation assays: a practical laboratory guide.
Douxfils, Jonathan, et al. 2013, Blood Coagulation, pp. 283-294.

9. Apixaban: First Global Approval. Watson, Julia, Whiteside, Glen and Perry, Caroline.
2011, Drugs, pp. 2079-2089.

10. Monitoring anticoagulant therapy with new oral agents. Ramos-Esquivel, Allan. 2015,
World Journal of Methodology, pp. 212-215.

11. The effect of the direct factor Xa inhibitors a apixaban and rivaroxaban on haemostasis
tests: a comprehensive assessment using in vitro and ex vivo samples. Bonar, Roslyn, et al.
2016, Haematology, pp. 60-71.

17

www.manaraa.com



	Therapeutic Drug Monitoring of Apixaban Using Chromogenic Kits
	Recommended Citation

	tmp.1587401885.pdf.lDTY4

