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Saracatinib/AZD0530 (SAR), a Src tyrosine kinase inhibitor, mitigates seizure-induced brain pathology in epilepsy models upon repeated oral dosing. However, repeated dosing is stressful and can be challenging in some seizing animals. To overcome this issue, we have incorporated SAR-in-Diet and compared serum pharmacokinetics (PK) and brain concentrations with conventional repeated oral dosing. Saracatinib in solution or in-diet was stable at room temperature for >4 weeks (97 ± 1.56%). Adult Sprague Dawley rats on SAR-in-Diet consumed ~1.7 g/day less compared to regular diet (16.82 ± 0.6 vs. 18.50 ± 0.5 g/day), but the weight gain/day was unaffected (2.63 ± 0.5 g/day vs. 2.83 ± 0.2 g/day). Importantly, we achieved the anticipated SAR dose range from 2.5–18.7 mg/kg of rat in response to varying concentrations of SAR-in-Diet from 54 to 260 ppm of feed, respectively. There was a strong and significant correlation between SAR-in-Diet dose (mg/kg) and serum saracatinib concentrations (ng/ml). Serum concentrations also did not vary significantly between SAR-in-Diet and repeated oral dosing. The hippocampal saracatinib concentrations derived from SAR-in-Diet treatment were higher than those derived after repeated oral dosing (day 3, 546.8 ± 219.7 ng/g vs. 238.6 ± 143 ng/g; day 7, 300.7 ± 43.4 ng/g vs. 271.1 ± 62.33 ng/g). Saracatinib stability at room temperature and high serum and hippocampal concentrations in animals fed on SAR-in-Diet are useful to titer the saracatinib dose for future animal disease models. Overall, test drugs in the diet is an experimental approach that addresses issues related to handling stress-induced variables in animal experiments.
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1. Introduction

Saracatinib, also known as AZD0530, is a selective inhibitor of Fyn or Src family of nonreceptor tyrosine developed by AstraZeneca. Fyn/Src is highly expressed in proliferating cells such as cancerous cells (1, 2) neurons and glial cells of the central nervous system in response to brain insults such as exposure to neurotoxins (3) or seizures (4, 5) or in chronic neurodegenerative diseases such as Alzheimer’s disease (6). Considering the role of Fyn/Src kinases in cell proliferation, saracatinib has been in clinical trials for various types of cancers, such as bone, ovarian, and breast cancer (7–9). Excessive production of Fyn/Src and its phosphorylation in reactive glial cells or neurons causes hyperexcitability, neuroinflammation, and neurodegeneration (10, 11). Therefore, saracatinib has been tested as a disease modifier in experimental models of epilepsy and AD (3, 12) and in clinical trials for AD and Parkinson’s disease (13, 14).

Saracatinib is orally active, crosses the blood brain barrier, and is a potent modulator of ABCB1-mediated multidrug resistance (9, 15). However, long-term treatment with this drug at an optimal dose is required for debilitating and chronic diseases such as cancer and neurodegenerative diseases to achieve beneficial effects with minimum adverse effects. In humans, saracatinib has been tested in clinical trials for some of these conditions for varying periods (8, 9). In experimental models of epilepsy, we tested repeated oral dosing of saracatinib for about a week and observed some disease-modifying effects depending on the severity of the disease and the models of epilepsy (3, 16). In the kainate (KA) model of temporal lobe epilepsy, treating for a week with saracatinib was sufficient to mitigate long-term effects such as reactive gliosis, neurodegeneration, epileptiform spiking, and spontaneously recurring seizures (3). However, such protective effects of saracatinib treatment for a week were limited in organophosphate (OP) induced epilepsy models, perhaps due to widespread peripheral effects and extended duration of body clearance of OP (16). Furthermore, acute exposure to OP impacts gut dysbiosis (17), in contrast to the more centrally localized effect of KA, therefore, the drugs administered via oral gavage for a shorter duration may have limited effects in OP models. Chronic and debilitating diseases such as cancer, AD, PD, and epilepsy require long-term treatment, and oral medication is ideal for attaining optimum plasma concentration from a translational perspective.

In experimental models, daily administration of test drugs by oral gavage for long term is tedious, impractical, and stressful for animals due to repeated handling, which could confound the real effects of interventional drugs. To mitigate these issues, we incorporated saracatinib in rat chow to achieve the required dose during the 24 h feeding cycle and compared the feed consumption, weight gain, and the pharmacokinetics of saracatinib in serum and brain with repeated daily oral dosing of saracatinib for a week. We also tested the serum saracatinib concentrations when the animals were fed different concentrations of saracatinib in the diet for long term. LC–MS/MS confirmed the saracatinib concentrations in the formulated diet. The serum saracatinib in both groups showed a strong correlation from day 2 through day 7, and there were no significant differences between groups. Overall, saracatinib stability at room temperature and high serum and hippocampal concentrations in animals fed on SAR-in-Diet are useful for titrating the required dosing regimen in chronic disease models. Incorporating test drugs in the diet is a translational approach and abates stress-induced variables in animal experiments.



2. Materials and methods


2.1. Animal studies

Twenty eight adult male Sprague Dawley rats (8 weeks old; 250-300 g; Charles River, United States) were used in the study. Animals were housed in individual cages with a 12-h light–dark cycle in an enriched environment. The experiments were conducted after 2–3 days of acclimatization as per the approved protocols by the Institutional Animal Care and Use Committees (IACUC protocol: 21–109) and complied with the NIH ARRIVE Guidelines for the Care and Use of Laboratory Animals. Blood sampling was done by retro-orbital puncture as per IACUC protocol. Maximal blood collection was limited to less than 7.5% of the animal’s body weight in one week. The serum was separated by centrifugation at 1,000–1,500 × g for 10 min and stored at −80°C until further analysis. All animals were euthanized at the end of the study with pentobarbital sodium and phenytoin sodium (100 mg/kg, i.p.) as per the American Veterinary Medical Association Guidelines for euthanasia. Tissue samples were collected and stored at −80°C until further analysis.

The experimental design is illustrated in Figure 1. SAR-in-Diet at 260, 210, 160, and 50 ppm was prepared by LabDiet (Lan O’Lakes, Inc) to achieve the saracatinib dose range of 20-5 mg/kg of rat. The required concentration of saracatinib to be incorporated in the rat chow was estimated based on the average daily food consumption (18-21 g/day) from eight male adult rats of the same age (8 weeks to start with) and a similar weight range (206–230 g). Saracatinib was prepared in 0.5% hydroxypropyl methylcellulose at 5 mg/mL and added to the diet at 260, 210, 160, and 50 ppm. The Saracatinib incorporated diet and the control (regular rat chow) diet had similar composition/ingredients and was purchased from the same source, Purina 5P07 (Prolab RMH 1000). Saracatinib >99% pure by Liquid Chromatography–Tandem Mass Spectrometry (LC–MS/MS) was supplied by AstraZeneca under the Open Innovation Program.
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FIGURE 1
 Experimental design for a single dose pharmacokinetics of saracatinib [24 h study, (A)], repeated daily oral dose [for 7 days, (B)], SAR-in-Diet [for 7 days, (C)], and for long term studies (D).


The animals were randomized into four experimental groups (n = 4–8). In group 1 (24 h study; Figure 1A), eight animals received a single oral gavage of saracatinib (20 mg/kg), and the blood sampling was done at 0.5, 1, 2, 4, 6, 8, 12, and 24 h post-treatment. Four animals each were euthanized at 4 h and 24 h, respectively. In group 2 (7-day repeated oral dosing study; Figure 1B), eight animals received repeated daily oral dosing of saracatinib (20 mg/kg of rat) at 24 h intervals; the blood sampling was done daily at 24 h intervals before the next dosing. Four animals were euthanized 24 h after the third repeated oral dosing, i.e., day 3 and the other four animals were euthanized at day 7. Group 3 (7-day SAR-in-Diet study; Figure 1C), received a single oral gavage of saracatinib (20 mg/kg of rat) followed by 24 h later SAR-in-Diet for 7 days (260 ppm). The blood sampling was done at 24 h post oral and daily at 24 h intervals for 7 days while the animals were on SAR-in-Diet. Four animals each were euthanized on day 3 and 7. Group 4 (Figure 1D) included four animals that were given 7 repeated doses of oral saracatinib (20 mg/kg/day for a week) followed by ad-libitum SAR-in-Diet at varying concentrations fed for up to 18 weeks (260 ppm diet for 2 weeks, 210 ppm diet for a week, 160 ppm for 4 weeks, and 50 ppm diet for 11 weeks) The tapering concentrations of saracatinib in the diet from 260 to 50 ppm was done to target a daily saracatinib dose rate in the range of 20–5 mg/kg respectively, in a 24 h feeding cycle. Blood samples were collected at the end of each diet change.



2.2. Serum and hippocampal samples preparation for LC–MS/MS

Samples were submitted to the W.M. Keck Metabolomics Research Laboratory (Office of Biotechnology, Iowa State University, Ames, IA) for targeted saracatinib LC–MS/MS quantification. Serum and hippocampus preparations were conducted using a modified version of the previously available extraction and sample preparation methods previously established (18, 19). 50–75 μL or 50–75 mg wet weight of each sample was added to microcentrifuge tubes. A Reagent control sample was generated for each sample batch, 75 μL of 0.9% NaCl which was extracted in the same fashion as the samples. The weighed samples were then spiked with the internal standard, 1.25 μg of S-Hexylglutathione (Sigma-Aldrich CO., St. Louis, MO), added as 10 μL of from a 0.125 mg/mL solution in LC–MS grade 9:1 methanol: acetonitrile (Fisher Scientific, Waltham, MA). The extraction was initiated by the addition of 0.4 mL of 90% ice-cold LC–MS grade methanol with 10% LC–MS grade water (Fisher Scientific, Waltham, MA). For the hippocampus samples, after adding the 90% methanol to the samples, two 2.4 mm metal beads were added to each sample, the tissue was then homogenized using a Bead Mill 24 Homogenizer (Thermo Fisher Scientific, Inc., Waltham, MA, United States). All samples were then vortexed 10 s and placed on ice for 10 min before the addition of 1.0 mL of 3:1 of LC–MS grade acetonitrile: water (Fisher Scientific, Waltham, MA). The samples were again vortexed for 10 s before being placed in an ice-cold sonication water bath (Branson Ultrasonics, Brookfield, CT) for 10 min. Samples were vortexed for 10 min and centrifuged for 7 min at maximum speed (16,000 g). The serum sample supernatant extracts were transferred to LC vials and subjected directly to LC–MS/MS analysis. The hippocampus samples sample extracts were filtered with 0.2-micron centrifugal filters (Cat. No. UFC30LG25, Millipore Sigma, Burlington, MA) prior to LC–MS/MS analysis. A saracatinib (AstraZeneca, Cambridge, England, United Kingdom) standard curve with a range of 0.49 to 1,000 ng per sample was prepared as 1:1 serial dilutions in 90% methanol before being extracted and subjected to LC–MS/MS analysis in the same manner as the biological samples.



2.3. Food pellet sample preparation for LC–MS/MS

Samples were submitted to the W.M. Keck Metabolomics Research Laboratory (Office of Biotechnology, Iowa State University, Ames, IA) for targeted saracatinib LC–MS/MS quantification. One or two food pellets (1.5–3 g) were homogenized by mortar-and-pestle before being transferred and weighed in glass tubes with Teflon-lined screw caps. A reagent control sample was generated for each sample batch which was prepared in the same fashion as the samples. The weighed samples were then spiked with the internal standard, 250 μg of S-Hexylglutathione (Sigma-Aldrich CO., St. Louis, MO), added as 1.0 mL of from a 0.25 mg/mL solution in LC–MS grade 9:1 methanol: acetonitrile (Fisher Scientific, Waltham, MA). The extraction was initiated by the addition of 8 mL of 90% LC–MS grade methanol with 10% LC–MS grade water (Fisher Scientific, Waltham, MA). The samples were then vortexed 10 s and allowed to sit on ice for 10 min before the addition of 12 mL of 5:1 of LC–MS grade acetonitrile: water (Fisher Scientific, Waltham, MA). The samples were again vortexed for 10 s before being placed in an ice-cold sonication water bath (Branson Ultrasonics, Brookfield, CT) for 10 min. Samples were vortexed for 10 min and centrifuged for 30 min at 900 g). The food pellet sample supernatant extracts were transferred to LC vials and subjected directly to LC–MS/MS analysis. A saracatinib (AstraZeneca, Cambridge, England, UK) standard curve with a range of 75 to 6 00 μg per sample was prepared as 1:1 serial dilutions in 90% methanol before being extracted and subjected to LC–MS/MS analysis in the same manner as the food pellet samples.



2.4. LC–MS/MS

LC separations were performed with an Agilent Technologies 1,290 Infinity Binary Pump UHPLC instrument equipped with an Agilent Technologies Eclipse C18 1.8 μm 2.1 mm × 100 mm analytical column that was coupled to an Agilent Technologies 6,540 UHD Accurate-Mass Q-TOF mass spectrometer (Agilent Technologies, Santa Clara, CA). A volume of 6 μL of each sample (0.5 μL of food pellet samples) was injected into the LC system. Chromatography was carried out at 40°C with a flow rate of 0.400 mL/min. Running solvents were A: water with 0.1% formic acid and B: acetonitrile with 0.1% formic acid. Initial solvent conditions were 1% B which increased on a linear gradient to 50% B over 7 min before increasing to 100% B over 2 min, 100% B was held for 6 min before returning to 1% B over 2 min. A 5-min post run at 1% B was conducted after each LC–MS/MS acquisition. Saracatinib was detected using electrospray ionization in positive ionization mode. Nitrogen was used as the service gas for the ion source with a drying gas flow rate of 12 L/min at a temperature of 350°C, a nebulizing pressure of 25 psi, and a sheath gas flow of 11 L/min at 400°C. The capillary and nozzle voltages were 4,000 and 1,750 volts, respectively. The mass spectrometer was operated in high resolution (4Gz) mode with a scan range from m/z 100 to m/z 1,700 for MS and m/z 60 to m/z 350 for MS/MS. An acquisition rate of 10 spectra per second was used for MS and 5 spectra per second for MS/MS, respectively. During LC–MS data acquisition, reference masses were monitored for continuous mass calibration: m/z 121.050873 with m/z 922.009698. Two targeted MS/MS selections were acquired: for saracatinib m/z 542.2 with a narrow isolation width and a collision energy of 25 eV; for the internal standard m/z 392.2 with a narrow isolation width and a collision energy of 25 eV. Data evaluation and peak quantitation were performed using Agilent MassHunter Qualitative Analysis (version 10.0) and Agilent MassHunter Quantitative Analysis (version 10.0) software (Agilent Technologies, Santa Clara, CA). Target peaks were quantified using the LC–MS/MS extracted ion chromatographs for saracatinib 542.2- > 127.1218 ± 50 ppm and the internal standard 392.2- > 246.1143 ± 50 ppm. Saracatinib quantification was finally determined by relative abundance to the internal standard and linear saracatinib standard curve before being made relative to the measured sample mass and volumes. The limit of detection (LOD) and quantification (LLOQ) were determined by the signal-to-noise ratio. The LLOQ was determined by the concentrations of spiked calibration standards.



2.5. Pharmacokinetic parameter analysis

A noncompartmental pharmacokinetic (or statistical moments) analysis was performed using PKanalix software ©Lixoft version 2023 to derive the following pharmacokinetic parameters for saracatinib after a single oral dose (20 mg/kg) 24 h study: elimination half-life (T1/2), elimination rate constant (Kel), maximum concentration (Cmax), time to reach maximum concentration (Tmax), apparent volume of distribution (Vd/F), apparent systemic clearance (CL/F). The first saracatinib concentration post dose below the LLOQ was inferred to be LLOQ/2, and subsequent data points were excluded from the analysis. Area under concentration vs. time curves was determined using the linear/log trapezoidal rule. The slope of the terminal phase for saracatinib (λz) was derived by linear regression between Y (log(concentrations)) and the X (time) using a 1/Y2 weighting method.



2.6. Experimental rigor and statistics

The experimental groups and samples were coded/blinded until the raw data were compiled and analyses were completed. We used GraphPad Prism 9.0 for statistical analysis. Normality tests were performed using the Shapiro–Wilk test. Based on the normality of the data, t-test or Mann–Whitney test was applied to compare data between the two groups. A mixed-effects model was performed to determine differences at different time points. Further statistical details are included in the figure legends of the corresponding figures.




3. Results

The experimental design is illustrated in Figure 1.


3.1. Feed consumption and bodyweight comparison between groups

In this study, the daily food intake and body weight during the one week experimental period were compared between the animals fed on a regular diet (Group 2) and SAR-in-Diet (Group 3). When the daily food consumption was compared between the two groups, the SAR-in-Diet group consumed significantly less food on days 6–8 (Figure 2A); however, there were no significant differences in the average diet consumption before and after the first saracatinib oral dosing (Figure 2B). Interestingly, despite the reduction in daily food consumption in SAR-in-Diet group, there were no significant differences in the weight gain between the groups at any day (Figures 2C,D).
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FIGURE 2
 Comparison of feed consumption (A,B) and weight gain (C,D) between the animals that were on regular diet (Group 2) versus SAR-in-Diet (Group 3) for a week. n = 4–8 (A,C) mixed-effects analysis (Šídák’s multiple comparisons test); n = 8 (B,D) two-way ANOVA (Tukey’s multiple comparisons test); *p < 0.05, ****p < 0.0001.




3.2. Authentication of saracatinib and its stability at room temperature in solution or when it was incorporated into the diet: measured by LC–MS/MS

Before the saracatinib was tested in animals, its identity and purity (>99%) was determined by LC–MS/MS. We first determined response linearity for saracatinib (Figure 3A). The retention time for saracatinib and the internal standard S- Hexylglutathione was 4.315 and 4.992 min, respectively (Figures 3B,C). When peak area (y) was plotted against the ascending saracatinib standard, a good correlation coefficient R2 of 0.9998 was obtained, which was within the accepted range and showed a linear relationship. The slope (m) and intercept (c) of the calibration curve were 0.0214 and 0.0286, respectively. The LOD and LLOQ of the method was 7.35 ng/mL or ng/g and 22.65 ng/mL or ng/g, respectively. The SAR-in-Diet or in solution at room temperature was stable for >4 weeks (97 ± 1.56%) as detected by LC–MS/MS.

[image: Figure 3]

FIGURE 3
 Method validation for saracatinib using LC–MS/MS. Response linearity of saracatinib (A), chromatogram of saracatinib and internal standard (S-Hexylglutathione) (B), chromatogram of saracatinib in the serum, the hippocampus and the standard saracatinib (C).




3.3. Serum pharmacokinetics and hippocampal concentrations of saracatinib after a single oral dose (20 mg/kg) 24 h study

After a single bolus dose of saracatinib (20 mg/kg, oral gavage), the absorption of the drug seems biphasic. The initial absorption from the GI lumen was slow for up to 2 h, followed by a steep increase in the rate of absorption. The peak serum concentration attained by saracatinib was 954.42 ng/mL at 6 h (Figure 4A). The mean volume of distribution was 15.59 L/kg, and the clearance was 2.83 L/h/kg. Saracatinib was detected in the serum up to 24 h after a single oral dose. The estimated elimination half-life of saracatinib was 4.12 h with a rate constant of 0.18 per hour. The area under the concentration-time curve (AUC) from 0 to 24 h was 6992.15 (ng/mL*h) (Supplementary Table S1). The hippocampal levels were > 500 ng/g at 4 h, and by 24 h, the concentrations dropped to nearly half compared to 4 h. The hippocampal concentrations were higher than the serum concentrations at 4 h and 24 h (Figure 4B).
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FIGURE 4
 Mean (± SEM) serum and hippocampal concentrations of saracatinib after a single oral dose (20 mg/kg). n = 4–8 (A); n = 4 (B) mixed-effects analysis (Šídák’s multiple comparisons test).




3.4. Serum and hippocampal concentrations of saracatinib in repeated daily dosing and SAR-in-Diet groups in the 7-day study groups

In the repeated daily dosing of saracatinib (20 mg/kg, oral gavage), blood sampling was done at 24 h intervals before the next oral dosing. The serum saracatinib concentrations were maintained at ~100 ng/mL for the first three days, while trough serum concentration of saracatinib steadily increased during 3–6 days to reach a plateau at day 7 (Figure 5A). In the SAR-in-Diet group, the serum concentration steadily increased during days 1–3, 5, and 6 with a reduction in saracatinib systemic levels at day 4 and day 7 (Figure 5A). However, there were no significant differences in the serum concentrations of saracatinib between the repeated daily oral dosing (group 2) and SAR-in-Diet (group 3) except on day 3 (Figure 5A), which could be due to reduction in food intake in the SAR-in-Diet group during the previous 24 h (Figure 2A). Overall, there was a strong and significant positive correlation in the serum concentrations of saracatinib between the repeated daily oral dosing and SAR-in-Diet groups (Figure 5B). Hippocampal saracatinib concentrations in the repeated oral dosing maintained nearly constant levels at days 3 and 7 (Figure 5C). There were no significant differences in the hippocampal saracatinib concentrations when compared between the repeated daily oral dosing versus the animals fed on SAR-in-Diet at 3 and 7 days (Figure 5C).
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FIGURE 5
 Comparison between mean (± SEM) serum concentrations of saracatinib after repeated oral administration (20 mg/kg) and in SAR-in-Diet (20 mg/kg) groups (A). Correlation between the serum concentration of saracatinib between repeated oral administration (20 mg/kg) and in SAR-in-Diet (20 mg/kg) groups (B). Hippocampal SAR concentrations (C). Significant increase in the serum concentrations of SAR at only day 3 in SAR-in-Diet versus repeated oral dosing (A) n = 4, mixed-effects analysis (Šídák’s multiple comparisons test) *p < 0.05.




3.5. Serum concentrations of saracatinib when the animals were fed with different concentrations of SAR-in-Diet for long term

SAR-in-Diet of different concentrations were prepared, and the drug concentrations were confirmed in the prepared diet by LC–MS/MS (Table 1). The animals first received daily oral dosing of saracatinib (20 mg/kg of rat) for a week and then fed with SAR-in-Diet of varying/tapering concentrations. The concentrations of saracatinib in the diet were 260, 210, 160, and 50 ppm and were given for 2, 1, 4, and 11 weeks, respectively (group 4). Blood samples were collected at the end of each period before the diet was changed. The experimental design for group 4 is illustrated in Figure 1D. The overview of the serum saracatinib concentrations is represented in Figure 6.



TABLE 1 SAR concentration in diet and SAR dose rate in long term study (18 weeks).
[image: Table1]
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FIGURE 6
 Serum SAR concentrations in animals that received repeated daily oral dosing of SAR (20 mg/kg) followed by varying concentrations of SAR-in-Diet for long term. n = 4–8.




3.6. Correlation analysis of serum SAR levels and SAR-in-Diet consumption at different concentrations

In group 3, animals were given saracatinib with an initial single oral dose followed by 6 days of SAR-in-Diet at 260 ppm. The serum concentration of saracatinib and the rate at which the drug was consumed (mg/kg of rat) via SAR-in-Diet is presented in Figure 7A. A positive correlation was observed between serum concentration and the SAR-in-Diet consumption rate (Figure 7B). In group 4, animals were given repeated oral dosing of saracatinib for 7 days followed by SAR-in-Diet at 260 ppm, 210 ppm, 160 ppm, and 50 ppm until the end of week 2, week 3, week 7 and week 18, respectively. The serum concentration of saracatinib and the rate at which the drug was received through SAR-in-Diet is presented in Figure 7C. Overall, a strong and positive significant correlation was observed between serum saracatinib concentrations and the drug consumption rate via the diet (Figure 7D).
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FIGURE 7
 Comparison and correlation analysis of serum concentration of saracatinib and its consumption rate when the animals were fed with varying concentrations of SAR-in-Diet. n = 4–8. (A,C) mixed-effects analysis (Šídák’s multiple comparisons test); n = 4–8 (B,D) Pearson correlation analysis.





4. Discussion

In this study, we demonstrated the feasibility of incorporating various concentrations of an orally active test drug saracatinib, for about 18 weeks in healthy adult male rats. We also compared the serum disposition kinetics, feed consumption, and weight gain between orally administered saracatinib and diet-incorporated saracatinib in a week-long study. Our descriptive PK analysis confirmed that saracatinib is well absorbed when administered orally, reaches a peak concentration at approximately 6 h, and is well-distributed to the brain. Clinical pharmacokinetics of saracatinib in healthy humans at the dose rate of 250 mg/day once a day daily for 10–14 days has shown excellent pharmacokinetic parameters with the T1/2 of 40 h and was well tolerated. However, the drug and its metabolites may accumulate in the tissues over time (20). Therefore, a tapering dosing regimen may mitigate such adverse effects in long-term studies. In contrast to human pharmacokinetics, our study in adult rats shows that the half-life of saracatinib was much lower in rats, perhaps due to a higher metabolic rate.

Exposure to DFP and soman can lead to status epilepticus resulting in spontaneous recurrent seizures (21–24). We have previously demonstrated the disease-modifying effects of saracatinib in the rat kainate and DFP models of epilepsy (3, 16). However, saracatinib efficacy seems to depend on the initial severity of the seizures and subsequent brain pathology (25). Therefore, optimizing the effective dose of saracatinib for chronic diseases such as epilepsy, AD, and certain types of cancers, and a long term treatment of saracatinib at decreasing concentrations may be required to minimize adverse effects. Src/Fyn kinases play a significant role in cell proliferation and migration, an active process in cancers and chronic neurodegenerative diseases (for example, gliosis). Therefore, inhibiting Src/Fyn kinase activity can be beneficial to control or modify the progression of the disease.

Saracatinib has been tested in several clinical trials for various types of cancers, AD and PD. In all these trials, saracatinib was administered as oral tablets or capsules for a very long time (13, 26, 27). Since saracatinib is an orally active drug, it has to pass through the hepatic circulation for its metabolism. A repeated oral gavage in experimental models is not feasible for long term. Furthermore, repeated handling of animals for oral gavage causes stress and confounds the experimental results. Therefore, for long term studies test drugs are normally added to the drinking water or the feed (28). In a mouse model of AD, saracatinib incorporated into the diet was fed for up to 9 months and demonstrated its disease-modifying effects (29). In the mouse AD study, they monitored the body weight to determine the food/drug intake. Our current study demonstrates the feasibility, stability, serum and brain pharmacokinetics of saracatinib when the animals were fed for the long term with the drug incorporated in the rat chow. We also compared the differences in serum and brain saracatinib concentrations between daily oral dosing versus SAR-in-Diet in a 7-day study. The brain concentrations were also decreased as the serum concentrations decreased but took a longer time to clear from the brain, which is an advantage from a therapeutic perspective.

The commonly used routes of drug delivery in laboratory animals require repeated handling and restraint that are aversive to animals. This can be a problem in studies that require chronic administration of drugs daily orally. Furthermore, the timing of administration of the test drug may impact the pharmacokinetics and the drug metabolism, which depends on animal’s metabolic state during the day or the night. Since rodents are nocturnal, they are metabolically active at night and eat more than during the day. This may be an advantage for rodents if a test drug mixed in the diet was fed, especially for epileptic conditions to control the incidence of nocturnal seizures.

Several studies from other labs have demonstrated the delivery of drugs such as antibiotics or disease-modifying agents in drinking water or by incorporating them into the diet (29, 30). However, the choice of such a delivery method depends on the stability of the test drug at room temperature and whether the test drug remains in solution without precipitation. Although saracatinib in solution is stable at room temperature for several weeks, it may require stirring to prevent precipitation, therefore, not suitable for delivering it in drinking water for long term treatment. Furthermore, when added to water, saracatinib solution alters its taste and impacts daily water consumption. Diet-incorporated saracatinib has been shown to be effective in a mouse model of AD (29). Repeated oral dosing or chronic diet incorporated delivery is required to achieve a steady state of saracatinib serum concentrations. Although we did not find significant differences between the two approaches, sustained and steady optimum serum concentrations of saracatinib are likely to be maintained through diet rather than acute dosing. Acute dosing rapidly increases serum concentrations of saracatinib within 6 h and decreases after that. Such rapid increases of test drug in serum may have off-target effects in contrast to a gradual buildup of serum concentrations when the test drugs were administered through the diet (31–33).

The choice of administration of test drugs in rodents depends on various factors such as rate of absorption, target retention/engagement, and the rate of metabolism, which is high in small rodents and impacts drug clearance (34, 35). Drugs administered in humans or other species with lower metabolic rates and various disease conditions require dosage adjusting to achieve optimum therapeutic levels in serum and the target organs (36). Our data from repeated daily oral dosing versus SAR-in-Diet suggest that a steady state of therapeutic concentration in serum can be achieved through diet incorporation.

The main objective of the translational studies in preclinical rodent models is to acquire adequate and robust scientific data for future drug development for clinical application. In humans, oral medication takes priority over parenteral routes of administration for obvious reasons. Therefore, characterizing the orally active test drugs in preclinical models has a translational potential. Saracatinib has been tested in various experimental models and its PK and toxicity at high doses are also known from clinical trials (8, 37). Our published work has demonstrated the disease-modifying effects of saracatinib in experimental models of epilepsy (3, 25). The long term treatment of saracatinib in epilepsy and AD models, and in various cancerous studies in clinical trials provide adequate evidence for the translational potential of saracatinib for future drug development. Furthermore, saracatinib reverses ATP-binding cassette (ABC) transporters B1 (ABCB1) mediated multidrug resistance (15). Interestingly, saracatinib only inhibits ABCB1 transport function, without altering ABCB1 expression or AKT phosphorylation. Therefore, incorporating orally active antiepileptic drugs and saracatinib in the diet could offer therapeutic benefits in epilepsy.



5. Conclusion

Repeated oral dosing of saracatinib and SAR-in-Diet produced comparable serum saracatinib concentrations with no significant differences between groups, except on day 3 wherein saracatinib serum concentrations were significantly higher in SAR-in-Diet group. Overall, saracatinib concentrations in the serum and the hippocampus reached therapeutic concentrations in rats fed a SAR-in-Diet, which has obvious potential benefits in the management of chronic diseases such as epilepsy. This approach can be extended to many other orally active therapeutic drugs that are intended for use long term.



Data availability statement

The original contributions presented in the study are included in the article/Supplementary material, further inquiries can be directed to the corresponding author.



Ethics statement

The animal study was approved by Iowa State University Institutional Animal Care and Use Committee (IACUC). The study was conducted in accordance with the local legislation and institutional requirements.



Author contributions

TT: Conceptualization, Funding acquisition, Project administration, Resources, Supervision, Validation, Visualization, Writing – original draft, Writing – review & editing. SV: Conceptualization, Data curation, Formal analysis, Investigation, Methodology, Software, Validation, Visualization, Writing – original draft, Writing – review & editing. NM: Conceptualization, Data curation, Formal analysis, Investigation, Methodology, Software, Validation, Visualization, Writing – original draft, Writing – review & editing. SN: Methodology, Validation, Visualization, Writing – review & editing. JM: Methodology, Validation, Visualization, Writing – review & editing. LS: Data curation, Methodology, Writing – review & editing.



Funding

The author(s) declare financial support was received for the research, authorship, and/or publication of this article. This research was funded by the National Institute of Health/NINDS through the CounterACT program, grant number NS117284, and W.E. Lloyd Endowment fund SG2200008.



Acknowledgments

We thank AstraZeneca for providing saracatinib under the Open Innovation Program for this study.



Conflict of interest

This study received the test drug, saracatinib, under the Open Innovation Program from AstraZeneca. However, AstraZeneca was not involved in the study design, collection, analysis, interpretation of data, the writing of this article or the decision to submit it for publication.

The authors declare that the research was conducted in the absence of any commercial or financial relationships that could be construed as a potential conflict of interest.



Publisher’s note

All claims expressed in this article are solely those of the authors and do not necessarily represent those of their affiliated organizations, or those of the publisher, the editors and the reviewers. Any product that may be evaluated in this article, or claim that may be made by its manufacturer, is not guaranteed or endorsed by the publisher.



Supplementary material

The Supplementary material for this article can be found online at: https://www.frontiersin.org/articles/10.3389/fvets.2023.1297221/full#supplementary-material



References

 1. Elias, D, and Ditzel, HJ. Fyn is an important molecule in cancer pathogenesis and drug resistance. Pharmacol Res. (2015) 100:250–4. doi: 10.1016/j.phrs.2015.08.010 

 2. Wakelee, HA, Gubens, MA, Burns, M, Barbeau, SL, Perkins, S, Pedo-Salcedo, MGS , et al. A phase II study of Saracatinib (AZD0530), a Src inhibitor, administered orally daily to patients with advanced Thymic malignancies. J Thorac Oncol. (2010) 5:S528–8.

 3. Sharma, S, Carlson, S, Gregory-Flores, A, Hinojo-Perez, A, Olson, A, and Thippeswamy, T. Mechanisms of disease-modifying effect of saracatinib (AZD0530), a Src/Fyn tyrosine kinase inhibitor, in the rat kainate model of temporal lobe epilepsy. Neurobiol Dis. (2021) 156:105410. doi: 10.1016/j.nbd.2021.105410 

 4. Luo, XM, Zhao, J, Wu, WY, Fu, J, Li, ZY, Zhang, M , et al. Post-status epilepticus treatment with the Fyn inhibitor, saracatinib, improves cognitive function in mice. BMC Neurosci. (2021) 22:2. doi: 10.1186/s12868-020-00606-z 

 5. Putra, M, Puttachary, S, Liu, GH, Lee, G, and Thippeswamy, T. Fyn-tau ablation modifies PTZ-induced seizures and post-seizure hallmarks of early Epileptogenesis. Front Cell Neurosci. (2020) 14:e592374. doi: 10.3389/fncel.2020.592374 

 6. Nygaard, HB, van Dyck, CH, and Strittmatter, SM. Fyn kinase inhibition as a novel therapy for Alzheimer's disease. Alzheimers Res Ther. (2014) 6:8. doi: 10.1186/alzrt238 

 7. Baird, K, Glod, J, Steinberg, SM, Reinke, D, Pressey, JG, Mascarenhas, L , et al. Results of a randomized, double-blinded, placebo-controlled, phase 2.5 study of saracatinib (AZD0530), in patients with recurrent osteosarcoma localized to the lung. Sarcoma, 2020 (2020).

 8. Oswald, AJ, Symeonides, SN, Wheatley, D, Chan, SP, Brunt, AM, McAdam, K , et al. Aromatase inhibition plus/minus Src inhibitor saracatinib (AZD0530) in advanced breast cancer therapy (ARISTACAT): a randomised phase II study. Breast Cancer Res Treat. (2023) 199:35–46. doi: 10.1007/s10549-023-06873-8 

 9. Williams, E, Bagarova, J, Kerr, G, Xia, DD, Place, ES, Dey, D , et al. Saracatinib is an efficacious clinical candidate for fibrodysplasia ossificans progressiva. JCI Insight. (2021) 6. doi: 10.1172/jci.insight.95042 

 10. Du, F, Tang, T, Li, QZ, and Liu, JX. Fyn signaling in ischemia-reperfusion injury: potential and therapeutic implications. Mediat Inflamm. (2022) 2022:1–10. doi: 10.1155/2022/9112127 

 11. Guglietti, B, Sivasankar, S, Mustafa, S, Corrigan, F, and Collins-Praino, LE. Fyn kinase activity and its role in neurodegenerative disease pathology: a potential universal target? Mol Neurobiol. (2021) 58:5986–005. doi: 10.1007/s12035-021-02518-3 

 12. Kaufman, AC, Salazar, SV, Haas, LT, Yang, J, Kostylev, MA, Jeng, AT , et al. Fyn inhibition rescues established memory and synapse loss in Alzheimer mice. Ann Neurol. (2015) 77:953–71. doi: 10.1002/ana.24394 

 13. McFarthing, K, Buff, S, Rafaloff, G, Dominey, T, Wyse, RK, and Stott, SRW. Parkinson's disease drug therapies in the clinical trial pipeline: 2020. J Park Dis. (2020) 10:757–74. doi: 10.3233/JPD-202128 

 14. van Dyck, CH, Nygaard, HB, Chen, KW, Donohue, MC, Raman, R, Rissman, RA , et al. Effect of AZD0530 on cerebral metabolic decline in Alzheimer disease a randomized clinical trial. JAMA Neurol. (2019) 76:1219–29. doi: 10.1001/jamaneurol.2019.2050 

 15. Liu, KJ, He, JH, Su, XD, Sim, HM, Xie, JD, Chen, XG , et al. Saracatinib (AZD0530) is a potent modulator of ABCB1-mediated multidrug resistance in vitro and in vivo. Int J Cancer. (2013) 132:224–35. doi: 10.1002/ijc.27649 

 16. Gage, M, Putra, M, Wachter, L, Dishman, K, Gard, M, Gomez-Estrada, C , et al. Saracatinib, a Src tyrosine kinase inhibitor, as a disease modifier in the rat DFP model: sex differences, Neurobehavior, gliosis, neurodegeneration, and nitro-oxidative stress. Antioxidants. (2022a) 11:61. doi: 10.3390/antiox11010061

 17. Gage, M, Vinithakumari, AA, Mooyottu, S, and Thippeswamy, T. Gut dysbiosis following organophosphate, diisopropylfluorophosphate (DFP), intoxication and saracatinib oral administration. Front Microb. (2022c) 1:1006078. doi: 10.3389/frmbi.2022.1006078 

 18. Jackson, KD, Durandis, R, and Vergne, MJ. Role of cytochrome P450 enzymes in the metabolic activation of tyrosine kinase inhibitors. Int J Mol Sci. (2018) 19:2367. doi: 10.3390/ijms19082367 

 19. Sharma, S, Carlson, S, Puttachary, S, Sarkar, S, Showman, L, Putra, M , et al. Role of the Fyn-PKCδ signaling in SE-induced neuroinflammation and epileptogenesis in experimental models of temporal lobe epilepsy. Neurobiol Dis. (2018) 110:102–21. doi: 10.1016/j.nbd.2017.11.008 

 20. Hannon, RA, Clack, G, Rimmer, M, Swaisland, A, Lockton, JA, Finkelman, RD , et al. Effects of the Src kinase inhibitor saracatinib (AZD0530) on bone turnover in healthy men: a randomized, double-blind, placebo-controlled, multiple-ascending-dose phase I trial. J Bone Miner Res. (2010) 27:1435–5. doi: 10.1002/jbmr.1557

 21. Gage, M, Rao, NS, Samidurai, M, Putra, M, Vasanthi, SS, Meyer, C , et al. Soman (GD) rat model to mimic civilian exposure to nerve agent: Mortality, video-EEG based status epilepticus severity, sex differences, spontaneously recurring seizures, and brain pathology. Front Cell Neurosci. (2022b) 15:15. doi: 10.3389/fncel.2021.798247

 22. Massey, N, Vasanthi, SS, Samidurai, M, Gage, M, Rao, NK, Meyer, C , et al. 1400 W, a selective inducible nitric oxide synthase inhibitor, mitigates early neuroinflammation and nitrooxidative stress in diisopropylfluorophosphate-induced short-term neurotoxicity rat model. Front Mol Neurosci. (2023) 16:1125934. doi: 10.3389/fnmol.2023.1125934 

 23. Rao, NS, Meyer, C, Vasanthi, SS, Massey, N, Samidurai, M, Gage, M , et al. DFP-induced status epilepticus severity in mixed-sex cohorts of adult rats housed in the same room: behavioral and EEG comparisons. Front Cell Dev Biol. (2022) 10. doi: 10.3389/fcell.2022.895092 

 24. Vasanthi, SS, Rao, NS, Samidurai, M, Massey, N, Meyer, C, Gage, M , et al. Disease-modifying effects of a glial-targeted inducible nitric oxide synthase inhibitor (1400W) in mixed-sex cohorts of a rat soman (GD) model of epilepsy. J Neuroinflammation. (2023) 20:163. doi: 10.1186/s12974-023-02847-1 

 25. Gage, M, Putra, M, Gomez-Estrada, C, Golden, M, Wachter, L, Gard, M , et al. Differential impact of severity and duration of status epilepticus, medical countermeasures, and a disease-modifier, Saracatinib, on brain regions in the rat Diisopropylfluorophosphate model. Front Cell Neurosci. (2021) 15:e772868. doi: 10.3389/fncel.2021.772868 

 26. Gucalp, A, Sparano, JA, Caravelli, J, Santamauro, J, Patil, S, Abbruzzi, A , et al. Phase II trial of Saracatinib (AZD0530), an Oral SRC-inhibitor for the treatment of patients with hormone receptor-negative metastatic breast Cancer. Clin Breast Cancer. (2011) 11:306–11. doi: 10.1016/j.clbc.2011.03.021 

 27. Nygaard, HB, Wagner, AF, Bowen, GS, Good, SP, MacAvoy, MG, Strittmatter, KA , et al. A phase Ib multiple ascending dose study of the safety, tolerability, and central nervous system availability of AZD0530 (saracatinib) in Alzheimer's disease. Alzheimers Res Ther. (2015) 7:35. doi: 10.1186/s13195-015-0119-0 

 28. Turner, PV, Brabb, T, Pekow, C, and Vasbinder, MA. Administration of Substances to laboratory animals: routes of administration and factors to consider. J Am Assoc Lab Anim Sci. (2011) 50:600–13.

 29. Tang, SJ, Fesharaki-Zadeh, A, Takahashi, H, Nies, SH, Smith, LM, Luo, A , et al. Fyn kinase inhibition reduces protein aggregation, increases synapse density and improves memory in transgenic and traumatic Tauopathy. Acta Neuropathol Commun. (2020) 8:96. doi: 10.1186/s40478-020-00976-9 

 30. Redelsperger, IM, Taldone, T, Riedel, ER, Lepherd, ML, Lipman, NS, and Wolf, FR. Stability of doxycycline in feed and water and minimal effective doses in tetracycline-inducible systems. J Am Assoc Lab Anim Sci. (2016) 55:467–74.

 31. Lin, A, Giuliano, CJ, Palladino, A, John, KM, Abramowicz, C, Yuan, ML , et al. Off-target toxicity is a common mechanism of action of cancer drugs undergoing clinical trials. Sci Transl Med. (2019) 11. doi: 10.1126/scitranslmed.aaw8412 

 32. Van Harken, DR, and Hottendorf, GH. Comparative absorption following the administration of a drug to rats by oral gavage and incorporation in the diet. Toxicol Appl Pharmacol. (1978) 43:407–10. doi: 10.1016/0041-008X(78)90020-0 

 33. Zhao, ZM, Ukidve, A, Kim, J, and Mitragotri, S. Targeting strategies for tissue-specific drug delivery. Cells. (2020) 181:151–67. doi: 10.1016/j.cell.2020.02.001

 34. Agoston, DV. How to translate time? The temporal aspect of human and rodent biology. Front Neurol. (2017) 8:92. doi: 10.3389/fneur.2017.00092

 35. Kim, J. Medication routes of administration. Treasure Island (FL): StatPearls Publishing (2023).

 36. Herbrink, M, de Vries, N, Rosing, H, Huitema, ADR, Nuijen, B, Schellens, JHM , et al. Quantification of 11 therapeutic kinase inhibitors in human plasma for therapeutic drug monitoring using liquid chromatography coupled with tandem mass spectrometry. Ther Drug Monit. (2016) 38:649–56. doi: 10.1097/FTD.0000000000000349 

 37. Baselga, J, Cervantes, A, Martinelli, E, Chirivella, I, Hoekman, K, Hurwitz, HI , et al. Phase I safety, pharmacokinetics, and inhibition of Src activity study of Saracatinib in patients with solid tumors. Clin Cancer Res. (2010) 16:4876–83. doi: 10.1158/1078-0432.CCR-10-0748



OPS/xhtml/Nav.xhtml




Contents





		Cover



		Exploring the benefits of in-diet versus repeated oral dosing of saracatinib (AZD0530) in chronic studies: insights into pharmacokinetics and animal welfare



		1. Introduction



		2. Materials and methods



		2.1. Animal studies



		2.2. Serum and hippocampal samples preparation for LC–MS/MS



		2.3. Food pellet sample preparation for LC–MS/MS



		2.4. LC–MS/MS



		2.5. Pharmacokinetic parameter analysis



		2.6. Experimental rigor and statistics









		3. Results



		3.1. Feed consumption and bodyweight comparison between groups



		3.2. Authentication of saracatinib and its stability at room temperature in solution or when it was incorporated into the diet: measured by LC–MS/MS



		3.3. Serum pharmacokinetics and hippocampal concentrations of saracatinib after a single oral dose (20 mg/kg) 24 h study



		3.4. Serum and hippocampal concentrations of saracatinib in repeated daily dosing and SAR-in-Diet groups in the 7-day study groups



		3.5. Serum concentrations of saracatinib when the animals were fed with different concentrations of SAR-in-Diet for long term



		3.6. Correlation analysis of serum SAR levels and SAR-in-Diet consumption at different concentrations









		4. Discussion



		5. Conclusion



		Data availability statement



		Ethics statement



		Author contributions



		Funding



		Acknowledgments



		Conflict of interest



		Publisher’s note



		Supplementary material



		References



















OPS/images/cover.jpg
& frontiers | Frontiers in Veterinary Science

Exploring the benetfi s of in-diet
versus repeated oral dosing of
saracatinib (AZD0530) in chronic
studies: insights into
pharmacokinetics and animal
welfare












OPS/images/crossmark.jpg
(®) Check for updates







OPS/images/logo.jpg
' frontiers Frontiers in Veterinary Science






OPS/images/fvets-10-1297221-g005.jpg
B c

Serum saracatinib concentration - . Hippocampal saracatinib concentration
Serum saracatinib correlation

(Repeated oral dosing vs SAR-in- (Repeated oral dosing vs SAR-in-diet)
1200
< Oral sAR ated oral SAR
SARn-diet 1000 4n
600 o
800 ”
2 °
G400 2
£ < 500
I
400
S0
‘
o - " . , ot
I R 4 5 & 7 0 100 200 300 0 1 2 3 4 5 & 7
3
Days Repeated oral saracatinib 4 Days
Oral SAR dose 1 oral SAR Lastoral SAR

(reqular dietfor all)





OPS/images/fvets-10-1297221-g006.jpg
12001

2
8

SAR (ng/ml)

400

od

Serum saracatinib concentration
(Repeated oral dose followed by SAR-in-diet)

End of 260 ppm
M

WK2  End of 210 ppm

End of 160 ppm|

wk7

End of 50 ppm k18

Repeated oral dosing ) SAR-in-diet

First oral SAR

1200

800

(Jw/Bu) ¥ys





OPS/images/fvets-10-1297221-g003.jpg
A Relative response vs conc. (ng/sample)
y =0.0214x + 0.0286
R?

0.9998 .
12
1
08
06
04 -
02 .
[}
) 10 20 £ ) 50 60 7
B [
X104 x10°
AL 9 |
1 | — Serum (4hrs)
09! S-Hexylglutathione 8
“1 Saracatinib | |(Internal Standard)
08/ 7
s
07y ' «——— Standard SAR
06/ 5
05
4
04
3
03]
2
02 Hippocampus (24hrs)
0.1} 1
Serum (24hrs)
0 0
1 2 3 4 5 6 7 8 9 10 1 2 3 4 5 € 7 8 9

Time Time





OPS/images/fvets-10-1297221-g004.jpg
‘Serum saracatinib concentration B
(single oral dose)

saracatinib concentration
1200

Hippocampus vs serum

1000 * Sorum
« Hippocampus

E E

2 ?san
12n 5
2
£
2

24h
" Time (h) 4h,
5mg\a ‘oral SAR

24n
Single oral SAR





OPS/images/fvets-10-1297221-g007.jpg
A Serum SAR conc. vs B Correlation analysis
SAR consumption rate (7day)

* SAR rate received in-diet (mglkg)
400 ® Serum SAR (ng/mi)

15 2
£ 30 3 2
\s, 109 §
=
€ 220 [ b
E
100 S H
B
[ 0
—r—T T T T T
¢ 1 2 3 4 5 & 7
4 Days
Single oral SAR
c Serum SAR conc. vs N
SAR consumption rate (Week 2-18) Correlation analysis
500
*SAR rate received in-diet (mglkg) a
400 © Serum SAR (ng/ml) S
15 ]
- 8
E340 £
E @
S220 £
g
100 '

12 18
SAR consumption (mglkg of rat)

Weeks





OPS/images/fvets-10-1297221-t001.jpg
Target  poserate  No.of

Expecied of SAR weeks

SAR-in-

o achieved  on the
Diet (ppm) (ma/kg) Sl
260 260.15 20 1747 2
210 21941 15 1375 1
160 165.45 10 895 4

50 5443 5 275 1





OPS/images/fvets-10-1297221-g001.jpg
\

n=4

Euthanasia Euthanasia
n=4 n=4
L2 ® .
o ° ° ° ° L )
Oral SAR (20mglkg)
Blood collection 4 A i N a N N N
30min. he  2hc 4hr  6hr  8hr  12hr  24hr
Euthanasia Euthanasia
/ Group 2 e e
° - = - = = O
Oral SAR (20mg/kg) & s s s N s s
Blood collection N s a N n yy s
Day0 Dayl Day2 Day3 Day4 Days5 Dayé  Day?
Euthanasia Euthanasia
Group 3 o &
: | l
o . . . . . O
Oral SAR (20mg/kg) &
SAR-in-diet (260mg/kg of diet) n N n s N N
Blood collection 4 s s B N N s
Day0 Dayl Day2 Day3 Day4 Day5 Day6  Day?
/Group 4 Euthanasia
n=4

SAR concentrations (in-diet) l

260 ppm 210 ppm 160 ppm_ 50 ppm
>

Oral SAR (20mg/kg)a 4
Blood collection A
do

A A 4 2
A A A A a A A A

A
d3 d4 d5 dé6 d7 wk2 wk3 wk7 wk18






OPS/images/fvets-10-1297221-g002.jpg
>

Diet consumption (g)

o
»
2
3

®
3

Body weight (g)

Feed Consumption B Average feed consumption
Regular diet vs SAR-in-diet
Day1-5  Day6-11
e A N

N
N

s

Diet consumption (g)
> 3

2

123456789101 T3 7
Acclimatization Days Group

[ @ Group 2 m Group 3 — Regular diet — SAR-n<iet { 1% oral SAR |

Body weight L] Average body weight
Regular diet vs SAR-in-diet

15, Day1-5  Day6-11
« O AN

Body weight (g)

1234567389101

D:
Acclimatization Days





