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ABSTRACT . Validation and Stability parameters . Accuracy and Precision . Dilution . Stability in Injection Medium
NU172 is a DNA aptamer (26 nucleotides) that is directed against the human co- . L . To address plasma samples in which the NU172 concentration is above that of
agulation factor, a-thrombin. NU172 binds to the fibrinogen-binding exosite 1 of ) E.pecnf!;:lty I(:oogflsntra/_r’:ﬁalil/lﬁg-g? (CgloanOI/rFr:rI_e)CéuSr:cc;mHSIgIlrl?gI(?EZELGOSOO]c t?r?nli_)l_v(v)e?é%(;aflo;fd”ag /g}hl,’t ;%YZ}SC the high standard in the calibration curve, six replicates of the Dilution-QC were Two sets of replicates (n=6) of the LOW-QC, MID-QC and HIGH-QC, along with
thrombin with high affinity and inhibits thrombin-mediated effects on coagulation ) L:_ng?ln()éensitivit ) dard Cﬁve in,cluding a bIanE?The average, standard delilgijation and %RSI% for aﬁj QC levels were diluted with plasma, prior to digestion, to a concentration within the standard calibration curves and blanks, were digested. Following digestion one set was
and platelet aggregation. NU172 is being developed as an alternative anticoagu- IntraA A y d Precis calculated. curve and then analyzed. stored under ambient conditions and the other was stored under refrigerated (5°C
lant during cardiac surgical procedures, including cardiopulmonary bypass and lntra—Assay Accuracy and Prec!s!on + 3°C) conditions in the LC vials intended to be used during routine analysis. At
elective or emergent percutaneous coronary intervention. Cn er=Assay ACCUracy and Frecision For Inter-Assay Accuracy and Precision in three separate analyses, six replicates of LLOQ-QC, Table 6. Dilution Results in Rat Plasma. Similar results observed in Monkey Plasma. the following time points the samples and the blank were analyzed against the
arry-over . LOW-QC, MID-QC and HIGH-QC were analyzed. A second analyst performed one of the three standard curve: Initial, 7 days and 14 days. After each analysis, the caps on the
The purpose of this study was to validate a method for the determination of NU172 in . Free;g/ Thavy St_ablhty _ analyses. The Intra-assay accuracy and pre_cision evaluation was used as one of the separate Theoretical Observed LC vials were replaced.
rat and monkey plasma by high performance liquid chromatography (HPLC). The . Stab!I!ty In Injection Medium | 3 analyses. The grand mean, standard deviation and %RSD for all QC levels from all analyses Concentration | Concentration | %Recovery Mean SD %RSD
method was developed to quantify NU172 with a method that has the specificity to Stability in Plasma Under Ambient Conditions were calculated. (ng/mL) (ng/mL) Recovery
separate NU172 from its 3-truncated forms (NU172 truncated species N-1, N-2, N-3, . Stability in Plasma at -80 °C Table 9.  Stability in Iniection Medium in Monkev P! der Ambient and Refrigerated
N-4, N-5 and N-6), where a truncated form of NU172 is NU172 with a nucleotide de- . Stock Standard Solution Stability N | sble 9. Stability in Injoction Medium In Monkey Plasma under Amblent and Refrigerate
leted sequentially from the 3"-end of the parent compound NU172. Table 2. A_ccyracy and Precision I_?esults in Monkey Plasma at LLOQ (0.16 pg/mL). . -
o Similar results observed in Rat Plasma. T Theoretical _ Day-7 Day-14
TR o , . T e SpeleICIty (10X Dilution 1.4 Concentration | >torage [Time-0Mean| Day-7Mean | o e oo [DAY-14Mean | o b ence
The validation included specificity, linearity, lower limit of quantitation (sensitivity), e —— Sboorveg from 1809) (ug/mL) Condition | %Recovery | %Recovery | . "= " | %Recovery | . "= "
intra-assay precision and accuracy, inter-assay precision and accuracy, carry-over Concentration Analysis | Concentration | %Recovery | Grand Mean SD % RSD —= —— — = — —
(for two different HPLC systems), freeze/thaw stability, stability in injection medium Al six lots of blank rat plasma showed no interfering peaks at the retention time of (ug/mL) (ug/mL) “%eRecovery 502 5°C +3°C 1005 1053 38 105.3 38
under refrigerated conditions, stability in plasma prior to digestion under ambient NU172 (response<20.0% of the LLOQ standard). The replicates (n=6) of MID-QC in 6 0.22 134.7 402 102.1 102.2 0.1 101.9 -0.2
conditions, stability in plasma at -80°C and stock standard solution stability. The different lots of rat plasma had a mean %Recovery of 103.5%. The sample containing 0.19 118.1 0.25 108.4 106.1 -2.1 104.3 -3.8
imati : i : : . o 0.18 113.4 ] B} 50.2 ambient 109.2 104.8 -4.0 102.3 -6.3
la_ertEOn(])e:)r}OOd 1fgrngemdLe;r(;n;n(?SZztﬁ;t[i\lolﬂ:r?azn glgne rg}f’g‘fl%ytg'g%rgi s\;\;?nsl_valldated with NU172 and the metabolites (NU172 truncated species N-1, N-2... and N-x) had a reso- 1 = — Carry-Over 0. 1092 1018 2.0 102 o
- - - lution of 1.7 between NU172 and the N-1 truncated species. The acceptance criteria KN T04 0
P P 81: Zg-i Therefore additional LLOQ-QC samples were included to evaluate the extent of . Stability in Plasma Under Ambient Conditions
. Figure 2. Blank chromatogram of Rat Plasma. : : carry-over. Replicates of the LLOQ-QC (n=12) and the HIGH-QC (n=2) were ana-
To a 50 pL aliquot of each standard, QC, blank and sample 0.17 105.1 . . . . :
, 0.16 102.6 11.4 11.2 lyzed ag.?_lnstg cahlbr_atlfhn ct;Jr;/ehlnclléd;L\g a blan(l;.tOne gf ttr;\e HI((Bj-H ﬁr? ssr?prl]es Replicates (n=6) of the LOW-QC and HIGH-QC were stored under ambient condi-
25 uL of digestion buffer (60 mM Tris-HCI, pH 8.0, 100 mM EDTA, 0.5% was positioned early In the batch, and e second towards tne end ot the batc tions for at least 24 hours. Aliquots were taken between 6 and 8 hours as well as
’ ’ ’ (the latter to check that there was no build up of analyte in the assay system). The fter 24 h d lvzed : freshl d dard d a blank
SDS wiv) order of sample injection on the HPLC was as follows: HIGH QC, LLOQ-QC #1 _?_r’:er ours an a]?a yzeh agla.uns’g a Ires Iy prepare 1stano arf curve and a blank.
. ’ ’ +
75 UL of protei K solution (1.0 ma/mL LLOQ-QC #2, LLOQ-QC #3, LLOQ-QC #4, LLOQ-QC #5, LLOQ-QC #6... HIGH e mean recovery for each validation level must be + 15.0% of time zero.
UL of proteinase-K solution (1.0 mg/mL) QC, LLOQ-QC #1, LLOQ-QC #2, LLOQ-QC #3, LLOQ-QC #4, LLOQ-QC #5,
. o : : LLOQ-QC #6.
were added. The samples were incubated at 55 + 5°C with shaking overnight for Table 10. Stability in Plasma Under Ambient Conditions in Monkey Plasma.
|
HF;LC vials and analyzed by HPLC-UV Table 3. Accuracy and Precision Results in Monkey Plasma at 0.25 pg/mL. the first LLOQ-QC |pjected folIowmg the HIGH-QC early in the batch on the Shlma- Theoretlc.al Time-0 Mean| 8-hour Mean 8_-hour 26-hour 2.6-hour
' imilar resul rved in Rat Plasma. dzu HPLC was equivalent to 135.5% of target. It was demonstrated that one injec- Concentration %Difference Mean %Difference
Similar results observed at Plasma Recovery Recovery . .
Y R 2.00 4.00 6.00 8.00 10.00 12.00 14.00 16.00 18.00 20.00 22.00 24.00 26.00 28.00 30.00 Ion O nee e WaS O Owe y One InJeC Ion O e IgeS Ion u er an a Sa Ine IJg m rom Ime ecovery rom Ime
_ _ ‘ _ _ ‘ _ _ _ _ _ _ _ _ _ ti f di h foll db injecti f the digestion buff d I (Mg/mL) fromTime 0 | R from Time 0
HPLC conditions ——— T — blank was sufficient to eliminate any significant injector carry-over in the Shimadzu 0.05 101.9 905 Y 87 5 12
Concentration Analysis | Concentration | %Recovery | €rand Mean sD %RSD HPLC as all 12 replicates of the LLOQ-QC were within the acceptance criteria of 4'02 1 03' 2 1 02' = _0'7 1 OO' c 5 é
Figure 3.  Spike of TA and truncated species N-1, N-2, N-3, N-4, N-5 and N-6 into Monkey (ug/mL) (ug/mL) %oRecovery +20.0% of target. : : : : :
Equipment: HPLC system equipped with an autosampler, column- Plasma.
temperature-controller and UV detector ma _ _ _ . _ e
Column: Dionex DNAPac PA-100 (2 x 250mm) with Guard (2 x 50mm) . o 1 Table 7. Rat Matrix Blanks Results Using a Shimadzu HPLC. Similar Results observed in . Stablllty In Plasma at —-80°C
B 2 Monkey Plasma
0 - oz | 28
Column Tempera- ~ 40°C o Wash Target Observed % Replicates of the LOW-QC and HIGH-QC samples were stored at -80°C. On the day
ture: - Procedure Sample Concentration | Concentration Recovery of preparation and after approximately 45, 90, 120 and 180 days, replicates (n=6) for
_ _ ; (ug/mL) (ug/mL) each level were removed from storage and analyzed against a freshly prepared stan-
Flow Rate: 0.5 mL/min 2" 095 5 103.3 10 08 LLOQ QC - 1 0.16 0.22 135.5 dard curve and a blank. Two consecutive time-points failed to meet the acceptance
L _ " LLOQ QC - 2 0.16 0.16 101.0 criteria and were trending in the same direction (i.e. both time-points failed low)
Injection Volume: 30 pL oo LLOQ QC - 3 016 016 97 2 therefore stability assessment was terminated.
UV Detector: 256 nm LLOQ QC - 4 0.16 0.15 95.3
200] < LLOQ QC -5 0.16 0.15 96.7 o o~
Run Time- 31 minutes oo 3 8.2; 183(1) g LLOQ QC - 6 016 0.15 02 2 Table 11. Stability in Plasma at —80°C in Monkey Plasma.
. . . - 2.60 - 4.60 - 6.60 - 8.60 o ‘10ﬂ00‘ ‘ ‘12ﬁ00‘ o 14ﬂ00‘ ‘Mir;ulioo‘ ‘ ‘18ﬁ00‘ ‘ ‘20‘.00‘ ‘ ‘22ﬂ00‘ ‘ ‘24ﬂ00‘ ‘ ‘26‘.00‘ ‘ ‘28ﬂ00‘ ‘ ‘30ﬂ00‘ 026 1035 O LLOQ QC - 7 O_ 1 6 0_ 1 8 1 1 3_5 ] o
NU172 Retention  Approximately 10 min G 071 Zz  [LLOQQC-8 0.16 0.15 96.7 Concentration | 1Me-0 Mean|Day-49 Mean| [iCUC] ° |Day-89 Meanf, ol [ PUECE f, PR
Time: Table 4. Accuracy and Precision Results in Monkey Plasma at 50 pg/mL. LLOQQC -9 0.16 0.14 90.2 (hg/mL) Recovery | RecoVery 1 rom Time 0| "*R°°°Ye | from Time 0| %Recovery | from Time o
Note: There are different injector washing solutions, depending on . Linearity Similar results observed in Rat Plasma. LLOQ QC - 10 0.16 0.16 97.4 0.25 114.0 108.1 5.2 95.0 -16.7 90.4 20.7
the mOdel Of HPLC Used for anaIySiS LLOQ QC _ 1 1 016 015 955 404 114.0 102.9 97 08.3 -13.8 97.3 -14.6
Iniector Washin : : : Theoretical Observed LLOQ QC - 12 0.16 0.14 87.4 ' . . ' . . .
Jject g , , o A calibration curve was generated using 13 levels of standards and evaluated based on the re- Concentration Analvsis | Concentration %, Recover Grand Mean sSD %RSD e ————————————————
0 y y %R
Solution (Waters 75% 25 mM sodium phosphate dibasic in water (pH 7.4) and coveries of those standards. Individual back-calculated concentrations for all 13 levels (ug/mL) (ug/mL) orecovery o LLOQ QC - 1 0.16 0.15 95.2 _ -
HPLC): 25% Acetonitrile containing 400 mM NaClO, of standards, including the LLOQ, were between 89.3 and 111.4% of target. The correlation coef- ] 50.20 99.4 < o £ LLOQ QC -2 0.16 0.15 93.4 . Stock Standard Solution Stability
| _ ficient (Rz) value was 0.997. Acceptance criteria with respect to linearity were met. Similar results 51.00 101.0 cgﬁ g CCDU LLOQ QC - 3 0.16 0.15 05.7
Injector Washing observed in Rat Plasma. , > S o [lLoOQQC-4 0.16 0.15 o5 2 A stock standard was prepared from a fresh weighing and stored at 5°C + 3°C, pro-
SO|U’[IOT\ (Shimadzu 75% DI Water, 25% Acetonitrile g _gi © LLOQ QC-5 0.16 0.16 98 0 tected from light. On the day of preparation and after approximately 3,_14 and 30
HPLC): Figure 4. Representative Calibration Curve (Nominal Concentration 0.16 to 500 ug/mL) % ISh < ILLOQQC-6 016 014 900 days, the stock standard was removed from storage and analyzed against a freshly
-0 ® : ' ' prepared stock standard. The difference in peak area response of NU172 between
Mobile Phase: A: 75% 25 mM sodium phosphate dibasic buffer (pH 7.4) | o 35 m|LLOQQC-/ 0.16 0.15 93.8 the original and freshly prepared standard solution must have been < 5.0%.
and 25% Acetonitrile. 632 |LLOQQC-8 0.16 0.15 95.6
| o 505 2 100.8 35 34 S 2.9 |LLOQQC-9 0.16 0.15 93.7 The percent difference of peak area response of NU172 between the original and a
B: 75% 25 mM SO.dIl.Jm phosphate dibasic in water (pH 7.4) =3 3 LLOQ QC - 10 0.16 0.15 92.2 freshly prepared standard was -0.1, -0.8, 0.1 and 0.6% after 0, 3, 14 and 34 days, re-
and 25% Acetonitrile containing 400 mM NaClO, - g’ LLOQ QC - 11 0.16 0.15 91.0 spectively. The acceptance criterion with respect to stock standard solution stability
. oA . LLOQ QC - 12 0.16 0.15 93.6 has been met.
0 0 :
2x106—; 3 S
2060000 28 28 Freeze/Thaw Stability . conclusions
Gradient Table: 20'01 0 100 ¢ 52.81 104.8 _
23.00 0 100 Replicates (n=6) of the LOW-QC and HIGH-QCsampleswere?nalyzedafter3 Analytical method validation demonstrated that the method was suitable for the de-
23 01 80 20 0.0 25.0 50.0 75.0 100.0 125.0 150.0 175.0 200.0 225.0 uzs/&fm 275.0 3000  325.0 350.0 375.0 4000 4250 450.0 4750 5000 o . freeze/thaw CyC|eS Samp|eS Were Stored at apprOX|mate|y '80 C fOr at |eaSt 12 termlnatlon Of NU172 |n rat and monkey plasma, Wlthln the ||m|tS Imposed by Carl’y-
» OO 50 0 Table 5. g_cc!:racy anld Precision BGTRU"ISPIIH Monkey Plasma at 400 pg/mL. hours between thaw cycles and thawed under ambient conditions and mixed gen- over. The HPLC method for the determination of NU172 in rat and monkey plasma
- imilar results observed in Rat Plasma. tly. On the day of_preparatlon and after the three freeze/thaw cycles the samples was validated with an LLOQ of 0.16 pg/mL and a range of 0.16 to 500 ug/mL. Care-
LLOQ (Sensitivity) — —— were analyzed against a standard curve and a blank. ful consideration however must be given to low concentration samples to determine if
Figure 1 Example chromatogram of 10.0 ughnL of TA In water Concentration Analysis | Concentration | %Recovery ?;220'\:',:?; SD %RSD measured concentrations are affected or limited by the carry-over related effects.
- ' ImL ImL ° Table 8. F /IThaw Stability Results in Monkey PI . Similar Results ob d in Rat
The mean recovery of all six LLOQ samples was 92.7 £ 2.4 % with 2.6% RSD. The analyte re- o) (259724) 113.2 e P:::rznea oW SHabtity Testlis I Tontey Tasma, Siniiar Fesulis observedin =a The stability of NU172 in Monkey plasma has been confirmed in plasma through
5 . inree freezefhaw cycles 2s wel 3 i he nfetion medium afer 14 days when
o = ' P P ' P ' 1 2202 oo Theoretm?' Time-0 Time-0 Mean| Freeze/thaw | | recze/thaw % Difference stored either refrigerated or at ambient conditions. Stability determination in rat
— 468.40 115.9 Concentration Mean - : o -
= i o YW r— ImL %Recovery | %Recovery | %Recovery %R from Time 0 plasma is ongoing. The stability of the stock standard solution has also been con-
. Table 1. LLOQ (Sensitivity) in Rat Plasma — — (hg/mL) ohecovery firmed after 34 days when stored refrigerated.
o _ 351.93 345 99.1 192.07
ooso Theoretical Observed Mean 383.42 9.9 95.7 103.5 Care should be taken however to minimize the time that plasma containing NU172 is
2 o0 Concentration | Concentration | %Recovery |, o SD %RSD 204 , 369.79 91.5 (028 . . 0.95 96.8 97 0 93.8 94.4 27 exposed to ambient temperatures. Unanalyzed sample should be returned to storage
" (ng/mL) (ng/mL) ° Y 376.20 93.1 ' | | 95.3 97.9 at -80°C immediately after aliquots are taken to minimize loss. The stability of NU172
| —= 385.69 95.5 96.0 89.1 has been shown to be acceptable for up to 26 hours in monkey plasma. Long term
oo : ' 379.55 3.9 99.1 8r7.9 storage of monkey plasma samples containing NU172 should be limited to 49 days
. 0.15 404.62 100.2 98.1 95.5 at -80°C
] 0.16 0.14 92 7 04 0 404.90 100.2 08.9 97.1 '
| 2 o ' 0.14 | | | 3 — — 403 7.9 98.6 99.5 95.3 3.3
0.00(F: ) 0.15 . . 981 92-8 A k I
- ‘2.‘00‘ ‘ ‘4.‘00‘ ‘ ‘6.60‘ ‘ ‘8.‘00‘ ‘ "IOiOO‘ ‘ ‘12.‘00‘ ‘ ‘14i00‘ ‘.‘1&00‘ ‘ "ISﬁOO‘ ‘ ‘20‘.00‘ ‘ ‘22i00‘ ‘ ‘24ﬁ00‘ ‘ ‘26i00‘ ‘ ‘ZSﬁOO‘ ‘ ‘30‘.00‘ 415.98 1030 98.9 95.7 ¢ c now edgement
0.15 94.3 203.87 100.0 1002 95 5 | |
*This value was rejected as an outlier with 90% confidence. The mean value was calculated with The authors thank Larry Dumont of Nuvelo for his support of this work.
the remaining 5 values




