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Abstract

There is an increasing interest in targeting the MDM2 oncogene for cancer therapy. SP-141, a 

novel designed small molecule MDM2 inhibitor, exerts excellent in vitro and in vivo anticancer 

activity. To facilitate the preclinical development of this candidate anticancer agent, we have 

developed an HPLC method for the quantitative analysis of SP-141. The method was validated to 

be precise, accurate, and specific, with a linear range of 16.2–32,400 ng/mL in plasma, 16.2–6480 

ng/mL in homogenates of brain, heart, liver, kidneys, lungs, muscle and tumor, and 32.4–6480 

ng/mL in spleen homogenates. The lower limit of quantification was 16.2 ng/mL in plasma and all 

the tissue homogenates, except for spleen homogenates, where it was 32.4 ng/mL. The intra- and 

inter-assay precisions (coefficient of variation) were between 0.86 and 13.39%, and accuracies 

(relative errors) ranged from −8.50 to 13.92%. The relative recoveries were 85.6–113.38%. 

SP-141 was stable in mouse plasma, modestly plasma bound and metabolized by S9 microsomal 

enzymes. We performed an initial pharmacokinetic study in tumor-bearing nude mice, 

demonstrating that SP-141 has a short half-life in plasma and wide tissue distribution. In 

summary, this HPLC method can be used in future preclinical and clinical investigations of 

SP-141.
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Introduction

Cancer poses a major public health problem worldwide, and chemotherapy remains one of 

the most effective approaches to clinical cancer treatment (Seigel et al., 2013). In spite of 

recent improvements made in early diagnosis and treatment of various cancers, the mortality 

rates are still high for most advanced cancers such as pancreatic cancer (Cao et al., 2013). 

There is an urgent need to develop novel agents for these cancer types that respond poorly to 

currently available therapies (Paulson et al., 2013). We have recently generated a number of 

novel synthetic analogs of the pyrido[b]indole class and have identified several candidate 

anticancer compounds. Among them is SP-141 {6-methoxy-1-(naphthalen-1-yl)-9H-

pyrido[3,4-b]indole} (Fig. 1A), a specific inhibitor of the MDM2 oncogene that has high 

potency against several cancers, including pancreatic cancer.

We and others have suggested that MDM2 is a valid molecular target for cancer 

chemotherapy and several MDM2 inhibitors are under preclinical and clinical development 

(Chen et al., 1998; Zhang and Wang, 2000; Zhang et al., 2003, 2004, 2005; Wang et al., 

2008, 2009). One of the unique aspects of SP-141 as a novel class of MDM2 inhibitor is its 

mechanism of action: it binds directly to MDM2 protein and induces its degradation. This 

mechanism differs remarkably from other MDM2 inhibitors under investigation that 

primarily block MDM2-p53 binding (Rayburn et al., 2005; Qin et al., 2012; Nag et al., 

2013). Therefore, there is strong interest in developing SP-141 as a lead candidate for novel 

cancer chemotherapy.

Based on its impressive in vitro and in vivo activities, we have decided to conduct further 

preclinical development of SP-141 as a novel anticancer agent. As this compound represents 

a new class of anticancer drugs, the development of an analytical method is essential for its 

preclinical and clinical development. Without a sensitive and reliable analytical method, it 

will not be possible to determine its key characteristics, including in vitro stability, 

pharmacokinetics, tissue distribution and toxicological properties (Singh, 2006; Gad, 2008). 

Herein, we report the development and validation of a high-performance liquid 

chromatographic (HPLC) method with UV detection for the quantitation of SP-141 in 

biological matrices such as plasma and tissue samples. We also carried out an initial 

pharmacokinetic study in tumor-bearing nude mice following intraperitoneal administration, 

a dosing route used in our preclinical efficacy study. It is hoped that the developed and 

validated method will facilitate the future investigations of this compound in both preclinical 

models and clinical settings.

Experimental

Chemicals and reagents

The structure of the test compound SP-141 and the internal control SP-157 (Fig. 1B) was 

confirmed by UV, IR, MS and NMR spectroscopy. The purity of the compounds was 

determined to be >99%. HPLC-grade methanol was obtained from Fisher Scientific (Fair 

Lawn, NJ, USA). HPLC-grade water was obtained from the Elga Purelab Ultra® water 

purifier system. Formic acid and triethanolamine (TEA) were purchased from Sigma (St 

Louis, MO, USA). Blank mouse plasma (heparinized, non-Swiss albino) was obtained from 
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Lampire Biological Laboratories (Pipersville, PA, USA). Other chemicals and reagents were 

of highest grade available.

HPLC Instrumentation

The liquid chromatography experiments were conducted on an Agilent 1200 series® liquid 

chromatography system equipped with a G1379B Micro Vacuum Degasser, a G1312B SL 

binary pump, a G1367C high-performance autosampler (Hip-ALS SL), a G1330B FC/ALS 

Therm, a G1316B TCC SL and a G1315C DAD SL (all from Agilent Technologies, Inc., 

CA, USA). Chromatographic separation was performed on a Zorbax SB C18 column (4.6 × 

150 mm, 5 μm, Agilent) with a guard-column cartridge (Agilent, SB C18). All data were 

acquired and analyzed using the Agilent Chemstation software (Agilent Technologies, Inc., 

CA, USA).

Chromatographic conditions

The mobile phase was composed of (A) water containing 0.05% formic acid (v/v) and 

0.05% TEA (v/v), and (B) methanol containing 0.1% formic acid (v/v) and 0.05% TEA 

(v/v). Prior to application, both water and methanol were filtered using a Millipore glass 

filter system with nylon membrane (0.2 μm) and degassed for 10–12 min. Analytical 

separations were conducted at 35°C. The column elute was monitored by DAD at 295 nm, 

preceded by an RRLC in-line filter, 4.6 mm, 0.2 μm. The gradient elution was applied at a 

flow rate of 1.0 mL/min, starting at 45% A and 55% B from 0 min linearly programmed to 

5% A and 95% B in 6 min; then the gradient was changed to 45% A and 55% B and 

maintained for 2 min. Total running time was 8 min.

Preparation of standards and quality control samples

A 10 mM stock solution of SP-141 was prepared in methanol and stored at −80°C. The 

working solutions for calibration standards and quality control samples were prepared from 

the stock solution. Calibration curves were prepared at concentrations of 16.2–32,400 ng/mL 

in mouse plasma, 16.2–6480 ng/mL in mouse tissue homogenates of brain, heart, kidneys, 

liver, lungs and tumor, and 32.4–6480 ng/mL in mouse spleen homogenates, which were 

prepared by adding the working solution to the plasma or homogenates, followed by 

immediate extraction. All extraction procedures were carried out in an ice bath to avoid 

possible degradation of the analyte. The quality control samples of low (32.4 ng/mL; 162 

ng/mL for spleen), medium (324 ng/mL; 1620 ng/mL for spleen) and high (3240 ng/mL) 

concentrations were prepared in the same way to assess intra-day and inter-day precision 

and accuracy and recovery. The stability studies in mouse plasma and the various tissue 

matrices were performed at 324 and 3240 ng/mL.

Sample preparation

All samples were processed on ice at 4°C. Blood samples were collected into heparinized 

tubes via a retro-orbital bleeding and plasma was separated by centrifugation (14,000 rpm, 

15 min). Various tissue samples (brain, heart, liver, kidneys, lungs, spleen and skeletal 

muscle) and the subcutaneous tumors were collected at necropsy, immediately trimmed of 

extraneous fat and connective tissues, blotted on filter paper, and weighed. The tissues were 
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homogenized in two volumes (v/w) of PBS with a Polytron PT-10-35-GT homogenizer 

(Thomas Scientific, Swedesboro, NJ, USA) in an ice bath. The blank tissue homogenates 

were prepared by pooling three portions of tissue from different mice. If a sample 

concentration in initial assay was not covered in the range of a given standard curve, proper 

dilution and concentration procedures were used in repeated testing.

SP-141 was extracted from the plasma and homogenized tissue samples by precipitating 

proteins with methanol (containing 0.04% formic acid). Briefly, ice-cold methanol (600 μL) 

was added to 200 μL plasma or tissue homogenates; the samples were vortexed for 30 s and 

then centrifuged at 14,000 rpm for 10 min at 4°C. The supernatant was transferred to a glass 

tube and evaporated to dryness at 35°C under a nitrogen stream, using a TurboVap® LV 

Concentration Workstation (Caliper Lifesciences, Hopkinton, MA, USA). Finally, the dried 

samples were reconstituted in 200 μL of mobile phase, vortex mixed well for 1 min, and 

then centrifuged at 14,000 rpm for 10 min at 4°C. After syringe filtered, 10 μL of the 

reconstituted samples was injected onto the HPLC.

Method validation

Selectivity—The specificity of the method was assessed by analyzing blank plasma and 

tissue samples spiked with SP-141 to observe the possible endogenous interference from 

plasma and tissue samples with the analyte. A structurally related compound (SP-157, 7-

methoxy-1-(naphthalen-2-yl)-9H-pyrido[3,4-b]indole; Fig. 1B) was chosen as the internal 

standard due to its similarity to SP-141 in terms of extractability and chromatographic 

behavior.

Linearity—The linearity of the relationship between the detector response and SP-141 

concentrations was confirmed within the concentration range of 16.2–32,400 ng/mL for 

mouse plasma, 16.2–6480 ng/mL for mouse brain, heart, kidney, liver, lung and tumor tissue 

homogenates, and 32.4–6480 ng/mL for mouse spleen homogenates. Calibration curves of 

the slope, intercept and determination coefficients were calculated by plotting the peak area 

ratios (y) for SP-141 vs the nominal concentrations (x) in standard plasma or tissue by the 

1/x2 weighted least-square linear regression.

Precision and accuracy—To evaluate the precision and accuracy of the method, we 

analyzed quality control samples at three concentration levels (low, 162 ng/mL; medium, 

1620 ng/mL; and high, 3240 ng/mL for spleen homogenates; low, 32.4 ng/mL; medium, 324 

ng/mL; and high, 3240 ng/mL for plasma and other tissues homogenates) in five replicates 

on four separate days. Mean, standard deviation (SD) and the ratio of the standard deviation 

to the mean (coefficient of variation, CV) were calculated and used to evaluate the precision. 

The accuracy of the assay was assessed by comparing the calculated mean concentrations to 

the actual concentrations of serial dilutions. Accuracy was required to be within ±15%, and 

the intra- and interday precisions (represented by CV) were not to exceed 15%.

Lower limits of detection and quantification—The lower limit of detection (LLOD) 

was defined as the peak signal of the compound equal to three times the average noise level. 
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The lower limit of quantification (LLOQ) was defined as the lowest concentration of 

compound giving a signal-noise ratio of 5:1 with a precision and accuracy of 100 ± 20%.

Sample extraction recovery—The percentage recoveries of SP-141 at three quality 

control levels (n = 3) from mouse plasma and eight tissues were determined by comparing 

the mean peak area of the quality controls with those of pure compound prepared in the 

mobile phase.

Stability studies

The stability of SP-141 was assessed by comparing the initial concentration with the final 

concentration following incubation of the compound at the noted conditions, and expressing 

the final results as a percentage of the initial concentration.

Freeze–thaw stability—The stabilities of SP-141 samples of two concentrations (324 and 

3240 ng/mL) were analyzed in triplicate, after undergoing three freeze–thaw cycles. Briefly, 

the samples were stored at −20°C for 24 h. They were then removed from the freezer and 

allowed to thaw unassisted at room temperature. When completely thawed, the samples 

were refrozen for 24 h under the same conditions. This freeze–thaw cycle was repeated 

twice more, for a total of three cycles. Then the samples were extracted using the above 

methods before HPLC analysis.

Short- and long-term stability—The stability of SP-141 in mouse plasma and various 

tissue homogenates was evaluated by analyzing duplicates of the samples that were exposed 

to different conditions (time and temperature) at concentrations of 324 and 3240 ng/mL. The 

short-term stability in plasma was assessed by analyzing samples kept at 37°C for 2, 4, 6, 8, 

12 and 24 h and samples kept at 4°C for 4, 8, 12 and 24 h. The long-term stability was 

determined by assaying samples after storage at −80°C for 2, 4, 6 and 8 weeks. Then the 

samples were extracted using the above methods before HPLC analysis. These final results 

were compared with those obtained for freshly prepared samples.

Bench-top stability—To assess the bench-top stability of SP-141 in a particular 

biological matrix at room temperature, SP-141 (324 and 3240 ng/mL) was incubated in 

plasma or tissue homogenates and kept at ambient temperature (25°C) for 4, 8, 12 and 24 h, 

which far exceeded the routine sample preparation time.

Homogenization stability—To assess the effects of the homogenization and extraction 

procedures on the stability of the analyte, SP-141 at 324 and 3240 ng/mL was injected into 

equal weights of blank control tissues (brain, heart, liver, kidneys, lungs, spleen, tumor and 

muscle) in the collection tube. Care was taken to ensure the drug solution was contained 

inside the tissue/organs. The tissue samples were homogenized as above, and extracted and 

immediately analyzed.

Stock solution stability—Fresh and stored at room temperature (25°C) stock solutions 

of comparison standards (SP-141 and SP-157) with low and high quality control 

concentrations (324 and 3240 ng/mL) were tested at 6, 12 and 24 h after sample preparation. 

The extraction and analytical methods were identical to the above sample preparation.
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Nonspecific binding

The nonspecific binding was determined by using a sequential transfer test as described 

previously (Ji et al. 2010). The test was performed by spiking plasma and tissue 

homogenates with the low (324.0 ng/mL) or high (3240.0 ng/mL) quality control 

concentrations of SP-141. The samples were collected in four clean and dry test tubes with 

same composition and size. A portion of the solution was transferred into the first tube, and 

then from there to the second tube, then to the remaining tubes. All transfers were done 

without the use of a pipette. Between transfers, the solution in the donor tube was left at 

room temperature (5–20 min) for analyte adsorption. From each tube, an appropriate amount 

(100 μL) was pipetted out for analyte detection using the same HPLC method.

Protein binding

The extent to which SP-141 was bound by mouse plasma proteins was assessed by a micro-

ultrafiltration system as described previously (Agarwal et al., 1998). Mouse plasma samples 

spiked with SP-141 at concentrations of 324 and 3240 ng/mL were maintained at 37°C for 1 

h. The control samples were prepared using PBS instead of plasma. From each of these 

preparations, a portion was aliquoted and placed in a sample reservoir of an Amicon 

Centrifree® ultrafiltration system (Millipore Co., Bedford, MA). The filter systems were 

centrifuged at 2000g until the reservoirs were dry. From each sample, triplicate portions 

were taken for analysis by HPLC. The amounts present in the filtrates were designated as 

‘free drug’ (F). The concentrations of the unfiltered solutions were also determined by 

triplicate analyses. This amount represented the ‘total drug’ concentration (T). The amount 

bound nonspecifically to the filter (X) also was determined. The percentage of SP-141 bound 

to plasma proteins was calculated by the following formula:

S9 Metabolism in vitro

We used hepatic microsomal S9 fractions from CD2F1 mice (In Vitro Technologies, 

Boston, MA, USA) to determine the in vitro metabolism of SP-141. The reaction mixture 

consisted of 20 μL of 3240 ng/mL SP-141 (in DMSO) and 1280 μL of cold 100 mM Tris 

buffer (pH 7.4). The reactions were initiated by adding 200 μL of the appropriate S9 

fractions and were maintained at 37°C. The negative controls did not contain the hepatic S9 

fractions. Metabolic reactions were initiated by adding phase I (NADPH regenerating 

systems) or phase II (UDPGA and PAPS) reagents to the reaction mixtures, respectively 

(Ezell et al., 2010; Rayburn et al., 2012; Wang et al., 2012; Zhang et al., 2012). At 

designated time points (0, 15, 30, 45 and 60 min), duplicate 100 μL portions of the 

incubation mixture were removed and subjected to HPLC analysis by the same procedure 

described for plasma samples above. The stability of the drug was determined by analysis of 

intact SP-141, in comparison with negative control (without S9 fractions).

Pharmacokinetics of SP-141 in tumor-bearing nude mice

To demonstrate the utility of the HPLC method, the pharmacokinetics of the compound in 

mouse plasma and the compound’s tissue distribution were determined in pancreatic cancer 
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cell (MIA PaCa-2) xenograft tumors implanted in female nu/nu mice (4–6 weeks) following 

intraperitoneal administration. The animal study protocol was approved by the Institutional 

Animal Care and Use Committee of Texas Tech University Health Sciences Center. To 

establish the MIAPaCa-2 human pancreatic cancer xenograft tumors, cultured MIAPaCa-2 

(1 × 107) cells were harvested from monolayer cultures, washed twice with serum-free 

medium, re-suspended, and injected subcutaneously (total volume 0.2 mL) into the left 

inguinal area of the mice. All animals were monitored for activity, physical condition, body 

weight and tumor growth. Tumor size was determined every three days by caliper 

measurement of two perpendicular diameters of the implant. Tumor mass (in grams) was 

calculated by the formula,  where a is the long diameter and b is the short diameter 

(in centimeters) (Wang et al., 2009, 2012; Hao et al., 2011; Zhang et al., 2012). When the 

tumor mass reached 100 mg, the animals were randomly divided into groups of three each, 

and 40 mg/kg of SP-141 formulated in PEG400–EtOH–saline (57.1:14.3:28.6, v/v/v) was 

administered. Plasma and tissue samples were collected at 0 (pre-dose), 5, 10, 30 and 60 

min, and 2, 4, 6, 8, and 24 h after drug administration. Plasma was obtained from the retro-

orbital plexus of the anesthetized mice. Various tissues (liver, heart, lungs, kidneys, spleen 

and brain) and the subcutaneous tumors were collected at necropsy, immediately trimmed of 

extraneous fat and connective tissue, blotted on filter paper and weighed. Urine and feces 

were collected on ice after 24 h from mice housed in metabolic cages (n = 3/study). The 

collection containers and cages were washed twice with PBS solution and each urine 

collection and each wash was analyzed separately. Values for each mouse were then added 

together to determine the total SP-141 present in urine during the collection period. Tissues 

were stored at −80°C until processing. For SP-141 extraction, tissue samples were 

homogenized in PBS. The samples were then processed as described above, and 

concentration–time curves were obtained for plasma and each tissue.

Results

Method validation

Chromatographic separation and quantitation of SP-141—The specificity of the 

assay was examined using the described chromatographic conditions. Figure 2 depicts the 

representative chromatograms of the samples of blank mouse plasma (Fig. 2A), control 

(drug-free) mouse plasma spiked to contain 16.2 ng/mL (LLOQ, Fig. 2B) and 1620 ng/mL 

(Fig. 2C) SP-141, blank tumor tissue (Fig. 2D) and control (drug-free) tumor tissue spiked to 

contain 16.2 ng/mL (LLOQ, Fig. 2E) and 1620 ng/mL (Fig. 2F) SP-141, respectively. No 

endogenous interference at the retention time of the peak of interest (~4.1 min) was detected 

in plasma and tissue homogenates. The theoretical plate number of the column was 11,975 

and the asymmetry factor was 1.04.

Linearity of the calibration curve, lower limit of detection, and lower limit of 
quantitation—The correlation coefficients (R) of the standard curves for SP-141 in plasma 

and various tissue homogenates were all >0.9888. All the linearity and range parameters and 

their related validation data are shown in Table 1. The LLOD and LLOQ for SP-141 in 

plasma using the optimized conditions were 3.24 ng/mL (LLOD) and 16.2 ng/mL (LLOQ). 
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The present method afforded an LLOD of 3.24 ng/mL and an LLOQ of 16.2 ng/mL for 

SP-141 in seven mouse tissues, and an LLOD of 6.48 ng/mL and an LLOQ of 32. 4 ng/mL 

for SP-141 in mouse spleen.

Precision and accuracy—The intra- and interday precision and accuracy for detection of 

SP-141 in mouse plasma and tissue samples are presented in Table 2. Precision was defined 

as the variation between replicate samples. Accuracy was defined as the percentage of the 

observed concentration calculated from peak areas compared with the known concentration 

of the prepared samples. The CV of the intra- and inter-day precision for SP-141 was 10.61, 

13.39 and 10.74 for the low, moderate and high concentrations, respectively. The accuracy 

of the quantitative analysis of the compound ranged from 91.50 to 113.92% for intra-day 

and from 91.84 to 108.68% for inter-day analyses. The precision and accuracy values were 

well within the acceptable range as described by the United States Food and Drug 

Administration (CDER/US FDA, 2007).

Extraction recovery—Extraction recoveries of the compound at low (32.4 ng/mL), 

moderate (324 ng/mL) and high (3240 ng/mL) concentrations (in triplicate) in plasma and in 

all tissue homogenates, including tumor tissue, were >85% (Table 3). The recoveries 

determined at low (32.4 ng/mL), medium (324 ng/mL) and high (3240 ng/mL) 

concentrations (in triplicate) in plasma, brain, heart, liver, kidney, lungs and muscle were 

86.35 ± 6.76, 86.34 ± 2.87 and 89.78 ± 5.62%, respectively. The recoveries determined at 

low (162 ng/mL), medium (324 or 1620 ng/mL), and high (3240 ng/mL) concentrations (in 

triplicate) in spleen and tumor tissue were 90.32 ± 5.58, 85.60 ± 5.13 and 95.60 ± 2.87%, 

respectively.

Stability of SP-141

Freeze–thaw stability—SP-141 was found to hace excellent freeze–thaw stability. After 

three freeze–thaw cycles, the percentages of the remaining concentrations were 98.24 ± 

0.69% at 324 ng/mL and 97.44 ± 1.53% at 3240 ng/mL of SP141.

Short- and long-term stability—SP-141 was relatively stable in mouse plasma at 37°C, 

with more than 77% of the compound remaining after a 24 h incubation period for both the 

low (324 ng/mL) and high (3240 ng/mL) concentrations (Fig. 3A). We also found that 

SP-141 can be stored at either 4°C for a short period of time, or −80°C for a longer period of 

time. After a 24 h storage in mouse plasma at 4°C, >94% of the compound still remained 

intact (95.9% for the 324 ng/mL and 94.3% for the 3240 ng/mL, respectively; Fig. 3B). 

When the plasma was stored at −80°C for 8 weeks, 95.7 and 98.7% of the compound 

remained for the 324 and 3240 ng/mL concentrations, respectively (Fig 3C).

Bench-top stability—As shown in Fig. 4, we found that SP-141 was relatively stable in 

plasma (Fig. 4A) and in most tissue homogenates except for liver (Fig. 4B–I). There was 

76% of the compound remaining after a 4 h incubation period for high (3240 ng/mL) 

concentrations (Fig. 4D).
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Homogenization stability—As shown in Table 4, the recovery of SP-141 ranged from 

81.79 ± 4.47 to 99.61 ± 0.79 at a concentration of 324 ng/mL, and from 86.58 ± 1.39 to 

100.89 ± 1.45 at a concentration of 3240 ng/mL in all tissue homogenates. These results 

agreed well with the recovery data (Table 3) and indicate that there is no significant loss of 

test compounds during the homogenization process.

Stock solution stability—As shown in Fig. 5, both low and high levels (324 and 3240 

ng/mL) of SP-141 and SP-157 stock solutions were found to be unchanged even after 24 h at 

room temperature.

Nonspecific binding

As shown in Table 5, the recoveries of SP-141 ranged from 96.29 ± 2.54 to 104.91 ± 6.65 at 

low concentration, and from 97.13 ± 1.04 to 100.58 ± 0.81 at high concentration in plasma 

and all tissue homogenates, including tumor tissues. This sequential transfer test indicates 

that there is minimal binding of SP-141 to the container surface, and this negligible 

nonspecific binding will not affect the results of analyses performed.

Protein binding

SP-141 was considerably bound to proteins in mouse plasma, with 57.23% at 324 ng/mL 

and 62.61% at 3240 ng/mL.

In vitro metabolism of SP-141

Since SP-141 was minimally excreted in the feces and urine (data not shown), exhibited low 

plasma concentrations, and wide tissue distribution, we hypothesized that SP-141 may 

underwent extensive metabolism in vivo. As a preliminary study of the metabolism of 

SP-141, the compound was incubated with S9 fractions containing phase I and phase II 

metabolic enzymes and their co-factors for 15, 30, 45 and 60 min (Fig. 6). These studies 

indicate that SP-141 undergoes significant metabolism in the presence of both phase I and 

phase II enzymatic components, with approximately 38% of the compound being 

metabolized by phase I and 18.8% of the compound being metabolized by phase II 

components during the 60 min incubation.

Pharmacokinetics and tissue distribution of SP-141 in nude mice bearing pancreatic 
cancer xenografts

The concentrations of SP-141 in mouse plasma and tissue samples were determined after 

administration of a single intraperitoneal dose of 40 mg/kg to nude mice (Fig. 7). Following 

administration, the concentration of the compound in plasma decreased rapidly, from around 

3000 ng/mL at 10 min to 200 ng/mL at 4 h, to undetectable levels at 6 h after administration 

(Fig. 7A). The highest overall concentrations in the tissues examined were in the following 

order: spleen > lungs > liver > kidney > brain > tumor > muscle > heart (Fig. 7B). SP-141 

could be detected in tumor tissue at 24 h after administration, albeit at low concentrations. 

Although the distribution of the compound in the tumor is lower than in some other tissues, 

the concentrations are higher than in vitro IC50 values (132.84 ng/mL). We also have 

observed that the parent compound was minimally excreted in urine and feces (data not 
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shown), suggesting that it is highly metabolized. Of note, no specific metabolite peaks were 

detected using the current HPLC method.

Discussion

HPLC presents a popular technique for the analysis of drug molecules, and is widely used 

for the evaluation of nonvolatile small molecules (Bansal and DeStefano, 2007; Lee, 2003). 

Since SP-141 presents a λmax at 295 nm where no interferences from DNA and protein 

impurities present in the biological specimen (which absorb at a lower wavelength range) 

are expected, UV detection was determined as a suitable method for monitoring the 

compound (Wolfender, 2009). For any effective HPLC method, sample preparation 

techniques must be rapid without compromising efficient extraction of the analyte as well as 

selectivity. In the current study, we used a protein precipitation/extraction technique using 

acidified methanol with syringe filtering of the final sample. This protocol led to satisfactory 

purification of the compound, resulting in good selectivity of the chromatographic 

technique. To evaluate the utility of this method for practical purposes, we applied our 

newly developed and validated method to analyze drug concentrations in plasma and tissue 

samples obtained from nude mice implanted with subcutaneous pancreatic cancer cell 

xenograft tumors (Sinha et al., 2008; Zhou et al., 2002).

The stability determination of a new chemical entity in plasma is crucial, since a rapid 

degradation of drugs typically indicates poor in vivo efficacy. Plasma instability may also 

leads to misunderstanding of in vitro results. In addition, the stability of compound may 

exhibit inter-tissue differences. In the present study, we demonstrated that SP-141 was stable 

in plasma and various tissues under different temperature and storage conditions and 

homogenization process employed in tissue sample preparation, indicating that SP-141 can 

be prepared and stored under routine laboratory conditions, which is very important for 

future preclinical and clinical studies of this compound.

In general, a candidate compound with extensive binding to plasma can impede its 

biodistribution and affect their therapeutic performance and possible toxicity profile. 

Typically, minimally protein-bound drugs are able to reach the desired site of action easily 

but are excreted quickly. In this circumstance, free drug concentrations are more accurate 

than total concentrations in drug efficacy evaluation. Our results indicated that SP-141 

showed approximately 60% protein binding, which is lower than most anticancer agents. 

Generally, in drugs exhibiting <85% protein binding, differences in extent of binding do not 

appear to be clinically important (Scheife, 1989). Therefore, we speculate that the total 

plasma and tissue SP141 concentrations may represent the active compound very well and 

therefore can be used in pharmacokinetic and pharmacodynamic studies in the future.

Our initial in vivo pharmacokinetic data (low urinary and fecal excretion, short plasma half-

life and wide tissue distribution) suggest that SP141 is metabolized in vivo. In vitro 

metabolism by S9 enzymes is an important preliminary study to gauge the possible 

metabolic transformations of the drug in vivo. Our initial data suggest that SP-141 may be 

metabolized by both phase I (38%) and phase II (18.8%) metabolism, with degradation by 

phase I enzymes being higher. Of note, the HPLC method was developed and validated for 
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the analyses of intact SP-141 only. This method apparently was not affected by its possible 

metabolites. To facilitate the metabolic studies of the drug, method development and 

validation for identification of possible metabolites of the drug is needed in the future.

To facilitate future clinical testing of SP141 for its antitumor activity, there is a necessity to 

determine its pharmacological properties such as pharmacokinetics and tissue distribution 

and toxicity in animal model after various routes of administration. Our previous studies 

demonstrated that SP-141 is effective against pancreatic cancer cells at submicromolar 

levels in vitro and suppresses the tumor growth with no significant host toxicity at 40 mg/kg 

intraperitoneal doses in vivo. The current pharmacokinetic study demonstrated that the 

effective dose of SP141 showed a short half-life and low concentration in plasma (but at or 

above the in vitro IC50), extensive tissue distribution and significant tissue residence times. 

Based on the results, we speculate that further optimization of administration route and 

schedule, change in formulation, development of delivery strategies are needed to improve 

antitumor activity of the compound.

Conclusions

In summary, a sensitive and reliable HPLC method for the determination of SP-141 in 

mouse plasma was developed and validated according to USA Food and Drug 

Administration guidelines. In addition, the analytical method was applied to a preliminary 

pharmacokinetic study in mice wherein we measured the concentrations of SP-141 in the 

plasma and tissues of nude mice following intraperitoneal administration. We believe that 

these results will support the future preclinical and clinical evaluation of SP141 as a novel 

anticancer therapeutic agent.
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SP-141 6-methoxy-1-(naphthalen-1-yl)-9H-pyrido[3,4-b]indole

SP-157 7-methoxy-1-(naphthalen-2-yl)-9H-pyrido[3,4-b]indole

PBS phosphate buffered saline

TCC thermostatted column compartment

DAD diode array detector

TEA triethanolamine
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Figure 1. 
Chemical structures of (A) SP-141 and (B) SP-157.
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Figure 2. 
Representative chromatograms of (A) blank mouse plasma; control (drug-free) mouse 

plasma spiked to contain (B) 16.2 ng/mL (LLOQ); (C) 1620 ng/mL SP-141; (D) blank 

tumor tissue; and control (drug-free) tumor tissue spiked to contain (E) 16.2 ng/mL (LLOQ); 

and (F) 1620 ng/mL SP-141. The internal standard (SP-157) elutes at 4.6 min while SP-141 

elutes at 4.1 min.
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Figure 3. 
Stability of SP-141 in mouse plasma at 37°C (A), 4°C (B) and −80°C (C).
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Figure 4. 
Bench-top stability of SP-141 at room temperature (25°C) in mouse plasma and different 

tissue homogenates.
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Figure 5. 
Stock solution stability of (A) SP-141 and (B) SP-157 at room temperature (25°C).
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Figure 6. 
Degradation of SP-141 by isolated mouse S9 liver fractions.
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Figure 7. 
(A) Plasma concentration–time curves for SP-141 following i.p. injection of 40 mg/kg in 

nude (nu/nu) mice implanted with MIAPaca-2 xenografts; (B) time-dependent distribution 

of SP-141 in various tissues.
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Table 3

Recovery of SP-141 from plasma and tissue homogenates

Concentration (ng/mL) Recovery (%) ± SD (%) CV (%)

Plasma

32.4 90.03 ± 1.73 1.92

324 102.84 ± 6.56 6.37

3240 100.60 ± 2.18 2.27

Brain

32.4 91.33 ± 3.04 3.32

324 88.30 ± 6.26 7.09

3240 93.70 ± 7.52 8.43

Heart

32.4 88.33 ± 2.64 2.99

324 95.40 ± 2.64 2.76

3240 96.17 ± 2.50 2.60

Liver

32.4 109.27 ± 8.29 7.59

324 106.57 ± 2.32 2.18

3240 113.38 ± 7.44 6.56

Kidney

32.4 86.35 ± 6.76 7.83

324 91.18 ± 5.24 5.74

3240 89.78 ± 5.62 6.26

Lungs

32.4 105.01 ± 1.11 0.96

324 102.10 ± 7.50 9.00

3240 101.10 ± 9.19 4.86

Muscle

32.4 89.06 ± 3.88 4.36

324 86.34 ± 2.87 3.32

3240 92.16 ± 4.79 5.20

Tumor

162 90.32 ± 5.58 6.18

324 92.16 ± 7.85 6.95

3240 95.60 ± 2.87 3.00

Spleen

162 105.30 ± 3.85 4.60

1620 85.60 ± 5.13 6.00

3240 96.46 ± 1.62 1.37
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Table 4

Homogenization stability of SP-141 in various tissues

Concentration (ng/mL) Recovery (%) ± SD (%) CV (%)

Brain
324 91.35 ± 0.98 1.08

3240 100.89 ± 1.45 1.44

Heart
324 81.79 ± 4.47 4.47

3240 86.58 ± 1.39 1.70

Liver
324 86.70 ± 1.36 1.56

3240 89.22 ± 0.77 0.88

Kidney
324 82.52 ± 2.60 2.59

3240 87.82 ± 1.36 1.56

Lungs
324 88.97 ± 1.57 1.77

3240 93.31 ± 1.02 1.09

Muscle
324 97.18 ± 0.90 0.93

3240 97.45 ± 1.47 1.51

Tumor
324 99.61 ± 0.79 0.81

3240 99.12 ± 0.19 0.19

Spleen
324 92.95 ± 5.20 5.62

3240 99.71 ± 1.15 1.15
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Table 5

Nonspecific binding of SP-141 in plasma and various tissues

Concentration (ng/mL) Recovery (%) ± SD (%) CV (%)

Plasma
324 98.95 ± 1.49 1.51

3240 100.49 ± 0.04 0.04

Brain
324 96.29 ± 2.54 2.64

3240 100.58 ± 0.81 0.81

Heart
324 100.41 ± 0.27 0.27

3240 98.82 ± 0.38 0.38

Liver
324 104.91 ± 6.65 6.35

3240 99.69 ± 1.38 1.40

Kidney
324 99.88 ± 3.11 3.12

3240 97.13 ± 1.04 1.08

Lungs
324 96.64 ± 2.24 2.33

3240 99.99 ± 0.21 0.22

Muscle
324 101.12 ± 2.33 2.31

3240 99.19 ± 1.01 1.02

Tumor
324 96.84 ± 2.30 2.47

3240 99.20 ± 0.57 0.58

Spleen
324 99.54 ± 2.10 2.12

3240 99.99 ± 0.22 0.22
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