SUPPLEMENTARY MATERIAL

 
These data are derived from [18]. The experiments reported in [18] were performed on the same batch of nanoparticles that were used for the experiments in the current manuscript.

[bookmark: _Hlk97637543]All the characterization study was done. To attain the target product quality, 32 factorial designs were used to investigate the unique effects of major process factors on critical quality attributes. The overlay plot yielded an optimum formulation for Methotrexate solid lipid nanoparticles. Methotrexate incorporation was higher in solid lipid nanoparticles with a percent EE of more than 90% (Figure S1, S2). 

From the analysis, it was observed that in 2hrs, ~100% of the drug was released (Figure S3). Prolonged-release characteristics were exhibited by the MTXSLNs that showed a primary spurt of ~29% in 2 hrs and 95.59±0.918% in a constant fashion within 5 hrs. According to the results, the values of particle size, polydispersity index (PDI), and entrapment efficiency (%EE) ranged between 64.3 to 517.8 nm (z-average), 0.212 to 0.459, and 67.8 to 96.7 %, respectively (Supplementary Table 4). 

[bookmark: _Hlk97648679]The improved MTX-SLN suspension exhibited an average particle diameter of 147.6±4.1 nm and PDI of 0.296±0.058 which is indicative of a consistent formulation. The MTX-SLNs had a zeta potential value of −19±0.98 mV (Figure S4). This demonstrated the physical stability of the formulation. The %EE was more than 90 (i.e., 94.61±2.7%). The dry and shrunk configuration of the MTX SLNs suspension was seen in the image obtained from TEM analysis where they appeared in the range of 130 nm to 150 nm (Figure S4). Methotrexate solid lipid nanoparticles showed higher drug diffusion than drug solutions containing the crystalline form of the drug due to their lipidic character. Methotrexate had lost its distinctive crystalline form, according to findings from differential scanning calorimetry and X-ray diffraction (Figure S5, S6).

 To assess the stability of the drug in the formulation, FT-IR spectroscopy was performed. From the obtained FT-IR bands (Figure S7), the following was concluded: MTX alone had a distinctive absorption band around 3368.9 cm−1 as well as 3066.3 cm−1 which related to the N-H and O–H stretching. Absorption bands of nearly 1543.3 cm−1, and 1,464 cm−1 might have been due to an amide bonding that led to N-O asymmetric stretching. The Methotrexate solid lipid nanoparticles utilised in this work showed considerably higher cytotoxicity than free MTX (Figure S8). After oral administration of MTX formulations, an in vivo analysis was done to assess MTX. The relative bioavailability (Fr) was calculated using the following formula: Fr (%) = [AUC0→∞ (MTX-SLNs)/AUC0→∞ (MTX solution)] ×100. Supplementary Table 8 lists the oral pharmacokinetic variables of MTX SLNs and MTX suspension. Figure 9 shows the mean plasma concentration-time profile in rats. 


Table 1a demonstrates that PEG 200 at a concentration of 3% w/w obtained the highest entrapment efficiency and the smallest size and PDI. When compared to a single surfactant (tween 80) (Batch no. 1) or a single surfactant (tween 80) with a solubilizer (PEG 200), the combination of surfactant (tween 80 and Kolliphor HS 15) and a solubilizer (PEG 200) (Batch no. 10) had the smallest size and PDI.
Size (234.21±2.3 nm to 216.43±1.3 nm) and PDI (0.253±0.045 to 0.243±0.054) showed a gradual decrease as sonication time was extended from 5 to 10 minutes, while % EE (92.14±2.57 to 94.34±2.63) increased (Batch no. 12-14, table 1b). As a result, there was no significant change in particle size, PDI, or %EE when the sonication time was raised to 12 minutes (Batch no.15, table 2b).

Table 2 shows the results of eleven different experimental runs. The particle size, PDI, and %EE values in the runs ranged from 64.3 to 517.8 nm (z-average), 0.212 to 0.459, and 67.8 to 96.7%, respectively. In all of the experimental runs, increasing the lipid concentration from 1.5% w/w to 2% w/w resulted in an increase in %EE from 67.8%±3.23 to 86 % and above. When the concentration of tween 80 and Kolliphor HS 15 (1:1) was gradually increased from 1% to 2% w/w, the size and PDI decreased while the % EE increased. The interfacial tension between the fatty acid and aqueous portions was reduced when the concentration of tween 80 and Kolliphor HS 15 (1:1) was increased from 2% to 3% w/w.

Table 3 shows the ANOVA of Size, PDI, and % EE. Significance value <0.05 shows the significant impact of CPP on CQA.

Table 2 presents the V1 and V2 formulas, whereas table 4 shows the observed vs predicted values of all responses for the validation batches, along with their degree of error.

Table 5 shows the screening procedure for the best cryoprotectant. The lyophilized powder of the formulation showed the least change in particle size when 3 % mannitol (w/v) was used as a cryoprotectant, resulting in a stable solution system.

The relative bioavailability (Fr) was calculated using the following formula: Fr (%) = [AUC0→∞ (MTX-SLNs)/AUC0→∞ (MTX solution)] ×100. Table 6 lists the oral pharmacokinetic variables of MTX SLNs and MTX suspension. After oral administration, the  AUC0→24h, AUC0→∞, Cmax, and Fr of MTX-SLN formulation were roughly 3.531-fold, 3.514-fold (P<0.05), 11.270-fold (P<0.05), and 3.51-fold higher, respectively, compared to MTX suspension. The absorption of MTX following oral administration was much higher than that of MTX-SLNs, according to the findings.

SUPPLEMENTARY TABLES
Table 1a: Preliminary screening of solubilizer and a combination of surfactants (Data represents mean ± SD, n=3)
Table 1b: Optimization of the sonication time of the batch screened in table 1a (Data represents mean ± SD, n=3)
Table 2: Size, PDI and %EE of factorial runs and validation batches (Data represents mean ± SD, n=3)

Table 3: ANOVA of Size, PDI, and %EE
Table 4: Observed versus the predicted value of CQA
Table 5: The appearance, solution color and mean particle size of the lyophilized powder of MTX-SLNs (Data represents mean ± SD, n=3)
Table 6: Pharmacokinetic parameters of MTX after oral administration of MTX suspension and MTX SLNs suspension (n=6)

SUPPLEMENTARY FIGURES
Fig. S1: 3D response surface plot of CQA; (A)- Size, (B)- PDI and (C)- %EE

Fig. S3: In vitro release profile of MTX from MTX SLNs and free MTX suspension by a dialysis method in 0.1 N HCl for the 1st h followed by phosphate buffer (pH 7.4) for 4 h at 37 °C. Data shown are means±SEM (n = 3) 
Fig. S2: Overlay plot showing a location of optimized MTX SLNs in design space

 

 



Fig. S6: X-ray diffraction patterns of MTX SLNs (A), physical mixture of MTX and blank SLN (B), GMS (C), and MTX (D) 
Fig. S5: DSC analysis of MTX SLNs (A), physical mixture of MTX and blank SLN (B), GMS (C), and MTX (D)
Fig. S4: Size distribution (A) and zeta potential (B) of MTX SLN measured by dynamic light scattering; transmission electron microscopy image of MTX SLN, the bar is 2 μm (C); transmission electron microscopy image of MTX SLN showing the spherical shape of the nanoparticles, the bar is 0.5 μm 

[image: ]Fig. S9: In vivo bioavailability of native methotrexate (MTX) and nanoparticulate methotrexate (MTX SLNs). The rats were divided into two groups (n = 6). An equivalent concentration of native methotrexate and nanoparticulate methotrexate (0.26 mg/kg) was given to group 1 and group 2 mice, respectively. Native methotrexate and nanoparticulate methotrexate were administered orally and blood was collected at different time intervals. Serum was separated and the concentration of methotrexate was determined by LC-MS-MS analysis. Results are expressed as mean±SEM (n=3) 
Fig. S8: Inhibition of proliferation following methotrexate (MTX) and methotrexate solid lipid nanoparticles (MTX SLNs) treatment. Cells (10,000 per well; HCT116), were treated with increasing concentrations (2–100 μg/ml) of MTX (A) or MTX SLNs (B) for 24–72 h. Results are expressed as % cell survival of control and shown as mean±SEM (n=3) 
Fig. S7: FT-IR spectra of MTX SLNs (A), physical mixture of MTX and blank SLN (B), GMS (C), and MTX (D)
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32 factorial design table 5. The models that were found to fit the best for the dependent
variables were linear, Quadratic, and 2FI, respectively. The data was
in alignment with the 3D response surface plot (fig. 1). Table 5
specified that the consequence of CPP on CQA is noteworthy
(significance value<0.05).

32 factorial design helped in analyzing the effect of CPP on CQA
(table 3). Eleven experimental runs were led and outcomes were
shown in table 4. ANOVA of Size, PDI, and % EE was presented in

Table 4: Size, PDI and % EE of factorial runs and validation batches (Data represents meanSD, n = 3)

X1 Concentration of lipid X2 Concentration of surfactant Y1 Y2 Y3
(%ow/w) (%Y%ow/w)
15 15 313.4+5.29 0.459+0.032 67.8+2.13
15 2 351.8+4.89 0.238+0.022 81.2+1.89
15 3 64.3+3.43 0.375+0.039 88.4+1.11
2 15 407.2+6.55 0.433+0.051 80.64+2.56
2 238+4.11 0.67+0.029 86.42+2.44
3 143.945.01 0.28+0.043 96.7+1.21
15 517.8+3.72 0.428+0.036 84.64+1.35
2 297.1+4.36 0.212+0.047 83.47+2.47
3 3 272.6+5.63 0.317+0.036 82.64+2.78
0 0.75 2.25 147.21+3.23 0.281+0.042 90.91+1.38
1 0.375 2.55 153.72+2.78 0.290+0.031 92.73+3.18

*Drug concentration was maintained constant (0.08% w/w) in all batches
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Fig. 4: In vitro release profile of MTX from MTX SLNs and free MTX suspension by a dialysis method in 0.1 N HCI for the 15t h followed by
phosphate buffer (pH 7.4) for 4 h at 37 °C. Data shown are means+SEM (n = 3)

Table 7: The appearance, solution color and mean particle size of the lyophilized powder of MTX-SLNs (Data represents mean+SD, n = 3)

Numbers (lyophilized powder) Appearance Solution color Particle size (nm), (mean+SD)
MTX SLNs Flaxen, porous structure Light yellow, translucent, clarified ~ 147.6+4.1 nm

Mannitol 3% Milky white with a slightly yellow, ~ Milky, translucent, clarified 167.3+3.3 nm
5% dense surface 202.5+1.8 nm
7% 216.3+1.6 nm
Lactose 3% Milky white with a slightly yellow,  Milky, translucent, small amount 202.75+4.21
5% sticky of particles 289.8515.25
7% 305.3348.14
Fructose 3% Milky white with a slightly yellow,  Milky, translucent, small amount 241.616.63
5% sticky of particles 247.748.39
7% 250.7+6.89
Dextrose 3% Milky white with a slightly yellow,  Milky, translucent, small amount 222.7+4.31
5% sticky of particles 253.1+4.92

7% 263.247.15

Preparation of MTX-SLN lyophilized powder 68.7 °C, which roughly corresponds to its melting point. A distinctive
melting peak at 168.17 °C was observed for free MTX and it roughly
corresponded to its melting point. Thus, the crystallinity of the drug
was established [26]. The physical blend unveiled a melting peak at
137.23 °C, indicating the existence of free MTX. Interactions amongst
MTX and excipients, especially the cryoprotectant, may have caused
the shifting of the melting peak of the physical blend to a lower

Freeze-drying improves the stability of SLN. The screening process
for optimal cryoprotectant is defined in table 7. At 3% mannitol
(w/v) as a cryoprotectant, the lyophilized powder of the formulation
presented the slightest change in particle size and led to a stable
solution system. This dispersion containing 3% mannitol (w/v) was
further mixed with neusilin (7% w/v) to improve the flow
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An in vivo analysis to measure MTX after oral administration of MTX
formulations was performed. The analysis was carried out with a
student’s unpaired t-test with a significance level of 0.05. From
plasma concentration-time outlines of individuals, the peak
concentration (Cmax) and time of peak concentration (Tmax) were
acquired diametrically. The relative bioavailability (Fr) was
considered with the help of subsequent formu T (%) = [AUCO— 0
(MTX-SLNs)/AUCO—oo (MTX solution)] x100 Oral pharmacokinetic
factors of MTX SLNs and MTX suspension are enumerated in table 8.
The mean plasma concentration-time profile in rats is revealed in

124%

8 ¢ &

were significantly higher with respect to those treated with
suspension MTX. The AUC0—24h, AUCO—co, Cmax, and Fr of MTX-
SLN formulation after oral administration were nearly 3.531-fold,
3.514-fold (P<0.05), 11.270-fold (P<0.05), and 3.51-fold greater
than MTX suspension, respectively. The results indicated that the
absorption of MTX after oral administration was significantly higher
than the MTX-SLNs. The plausible reason for the higher absorption
could be better solubilization of the drug in SLN formulation. Also,
the drug was protected from enzymatic degradation because of
being embedded in the lipid matrix. This study reveals the use of
SLNs for the effective delivery of MTX via the oral route [33].

-
o

Table 8: Pharmacokinetic parameters of MTX after oral administration of MTX suspension and MTX SLNs suspension (n=6)

Parameters Unit

MTX

MTX SLNs

tie h

T max h

C max ng/ml
AUC0-t ng/mlh
AUC 0-inf_obs ng/mlh

4.558

5
48
476
494

7.649
1

541
1681
1736
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Table 5: ANOVA of size, PDI, and % EE

Response Source Sum of df
squares

Mean
square

Particle Model 1.170E+005

size A-Concentration of Lipid 21384.54
B-Concentration of surfactant 95659.63
Residual 28477.37
Cor Total 1.455E+005
Model 0.064
A-Concentration of Lipid 2.204E-003
B-Concentration of surfactant 0.020
Residual 4.003E-003
Cor Total 0.068
Model 443.83
A-Concentration of Lipid 29.70
B-Concentration of surfactant 200.22
Residual 2493
Cor Total 468.76

58522.08 . . significant
21384.54

95659.63

4746.23

0.013 . . significant
2.204E-003

0.020

1.334E-003

88.77 . . significant
29.70

200.22

831

Data optimization and model validation

The overlay plot (fig. 2) encompasses two areas viz., the yellow area,
which signifies the space where you can get slgmﬁcmt response

walnee and the orev area wrhich
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Kolliphor HS 15 (1:1 ratio) and 3% w/w PEG 200 and sonication time
of 10 min. The anticipated reading for the size, PDI, and %EE was
correspondingly 167.6 nm, 0.291, and 93.02 as in the overlay plot,
while the values for observed reading were as in table 6 (Batch no. 1).
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Table 6: Observed versus the predicted value of CQA

Particle size

PDI

0 P R

0

1 154.5 167.6
Vi 147.2 165.0
7 153.7 166.9

0.283
0.281
0.290

(O- Observed, P- Predicted, R- Residual)
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Fig. 4: In vitro release profile of MTX from MTX SLNs and free MTX suspension by a dialysis method in 0.1 N HCI for the 15t h followed by
phosphate buffer (pH 7.4) for 4 h at 37 °C. Data shown are means+SEM (n = 3)

Table 7: The appearance, solution color and mean particle size of the lyophilized powder of MTX-SLNs (Data represents mean+SD, n = 3)

Numbers (lyophilized powder) Appearance Solution color Particle size (nm), (mean+SD)
MTX SLNs Flaxen, porous structure Light yellow, translucent, clarified ~ 147.6+4.1 nm

Mannitol 3% Milky white with a slightly yellow, ~ Milky, translucent, clarified 167.3+3.3 nm
5% dense surface 202.5+1.8 nm
7% 216.3+1.6 nm
Lactose 3% Milky white with a slightly yellow,  Milky, translucent, small amount 202.75+4.21
5% sticky of particles 289.8515.25
7% 305.3348.14
Fructose 3% Milky white with a slightly yellow,  Milky, translucent, small amount 241.616.63
5% sticky of particles 247.748.39
7% 250.7+6.89
Dextrose 3% Milky white with a slightly yellow,  Milky, translucent, small amount 222.7+4.31
5% sticky of particles 253.1+4.92

7% 263.247.15

Preparation of MTX-SLN lyophilized powder 68.7 °C, which roughly corresponds to its melting point. A distinctive
melting peak at 168.17 °C was observed for free MTX and it roughly
corresponded to its melting point. Thus, the crystallinity of the drug
was established [26]. The physical blend unveiled a melting peak at
137.23 °C, indicating the existence of free MTX. Interactions amongst
MTX and excipients, especially the cryoprotectant, may have caused
the shifting of the melting peak of the physical blend to a lower

Freeze-drying improves the stability of SLN. The screening process
for optimal cryoprotectant is defined in table 7. At 3% mannitol
(w/v) as a cryoprotectant, the lyophilized powder of the formulation
presented the slightest change in particle size and led to a stable
solution system. This dispersion containing 3% mannitol (w/v) was
further mixed with neusilin (7% w/v) to improve the flow
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An in vivo analysis to measure MTX after oral administration of MTX
formulations was performed. The analysis was carried out with a
student’s unpaired t-test with a significance level of 0.05. From
plasma concentration-time outlines of individuals, the peak
concentration (Cmax) and time of peak concentration (Tmax) were
acquired diametrically. The relative bioavailability (Fr) was
considered with the help of subsequent formu T (%) = [AUCO— 0
(MTX-SLNs)/AUCO—oo (MTX solution)] x100 Oral pharmacokinetic
factors of MTX SLNs and MTX suspension are enumerated in table 8.
The mean plasma concentration-time profile in rats is revealed in
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were significantly higher with respect to those treated with
suspension MTX. The AUC0—24h, AUCO—co, Cmax, and Fr of MTX-
SLN formulation after oral administration were nearly 3.531-fold,
3.514-fold (P<0.05), 11.270-fold (P<0.05), and 3.51-fold greater
than MTX suspension, respectively. The results indicated that the
absorption of MTX after oral administration was significantly higher
than the MTX-SLNs. The plausible reason for the higher absorption
could be better solubilization of the drug in SLN formulation. Also,
the drug was protected from enzymatic degradation because of
being embedded in the lipid matrix. This study reveals the use of
SLNs for the effective delivery of MTX via the oral route [33].
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Table 8: Pharmacokinetic parameters of MTX after oral administration of MTX suspension and MTX SLNs suspension (n=6)

Parameters Unit

MTX

MTX SLNs

tie h

T max h

C max ng/ml
AUC0-t ng/mlh
AUC 0-inf_obs ng/mlh
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Table 5: ANOVA of size, PDI, and % EE

Response Source Sum of df
squares

Mean
square

Particle Model 1.170E+005

size A-Concentration of Lipid 21384.54
B-Concentration of surfactant 95659.63
Residual 28477.37
Cor Total 1.455E+005
Model 0.064
A-Concentration of Lipid 2.204E-003
B-Concentration of surfactant 0.020
Residual 4.003E-003
Cor Total 0.068
Model 443.83
A-Concentration of Lipid 29.70
B-Concentration of surfactant 200.22
Residual 2493
Cor Total 468.76

58522.08 . . significant
21384.54

95659.63

4746.23

0.013 . . significant
2.204E-003

0.020

1.334E-003

88.77 . . significant
29.70

200.22
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Data optimization and model validation

The overlay plot (fig. 2) encompasses two areas viz., the yellow area,
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Kolliphor HS 15 (1:1 ratio) and 3% w/w PEG 200 and sonication time
of 10 min. The anticipated reading for the size, PDI, and %EE was
correspondingly 167.6 nm, 0.291, and 93.02 as in the overlay plot,
while the values for observed reading were as in table 6 (Batch no. 1).
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Table 6: Observed versus the predicted value of CQA

Particle size

PDI
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technique to access the stability of the drug in the formulation [26].
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Fig. 6: X-ray diffraction patterns of MTX SLNs (A), physical mixture of MTX and blank SLN (B), GMS (C), and MTX (D)
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Fig. 7: FT-IR spectra of MTX SLNs (A), physical mixture of MTX and blank SLN (B), GMS(C), and MTX(D)
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or a single surfactant (tween 0] with a solubilizer (PEG 200) (Batch solubilizer (3%w/w) and sonication time (10 min) were established
no. 6). Fall in size can be attributed to stabilizing effect of the second as fix levels for further trials.

Table 2a: Preliminary screening of solubilizer and a combination of surfactants (Data represents mean+SD, n = 3)

Batch no. 1 2 3 4 5 6 7 8 9 10

Yow/w

GMS . 1.5 15 15 . 15 . 15

PEG 400 2 3 4

PEG 200 3 3

Tween 80 . . . . . 15 . 15

Gelucire 15

Cremophor RH40

Kolliphor HS 15

Cremophor EL 15

Batch no. 1 2 3 4 5 6 7 9 11

Size (nm) 290.32 286.56 273.12  268.78 256.54 242.08 236.12 356.43 386.32
+4.98 +3.53 +2.32 15.28 +3.08 +4.19 +3.99 +6.28 15.01

PDI 0.589 0.342+0.05  0.322 0.343 0.358+0. 0.234+0  0.243 0.334+ 0.272+0.
+0.071 1 +0.098  +0.051 039 .067 +0.056 0.032 018

%EE 63.1+2. 94.6+3.13 92.1+2  95.145. 93.65+4. 98.5+2. 95.2+2. . 96.243 91.3+1.1
14 .63 35 7 54 57 .33 9

*Drug concentration was maintained constant (0.08% w/w) in all batches

Table 2b: Optimization of the sonication time of the batch screened in table 2a (Data represents mean+SD, n = 3)

Optimization of sonication time Batch no. 12 Batch no. 13 Batch no. 14 Batch no. 15

Batch no. 10 10 10
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Table 2b: Optimization of the sonication time of the batch screened in table 2a (Data represents mean+SD, n = 3)

Optimization of sonication time Batch no. 12 Batch no. 13 Batch no. 14 Batch no. 15
Batch no. 10 10 10 10

Sonication time (min) 5 7 10 12

Batch no. 12 13 14 15

Size (nm) 234.2142.3 nm 226.54+1.3 nm 216.43+3.5 nm 214.56+4.5 nm
PDI 0.25340.045 0.234+0.064 0.243+0.054 0.2240.011
%EE 92.1442.57 93.27+3.32 94.34+2.63 95.13+1.12

*Drug concentration was maintained constant (0.08% w/w) in all batches

Table 3: Design matrix for factor screening as per 32 factorial design along with actual and coded values for the CMAs

Types of variables Independent variables (CPP) Levels (Coded)

Low Medium High
X1= Concentration of lipid (%w/w) -1 0 +1
X2= Concentration of surfactant (%ow/w) -1 0 +1
Dependent variables (CQA)
Y1= Particle size(nm
Y2=PDI
Y3= %EE
Levels of factor studied
Factors Low level (-1) Medium level (0) High level (+1)
Concentration of lipid (%w/w) 15 2 3
Concentration of surfactant (%w/w) 1.5 2 3
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32 factorial design table 5. The models that were found to fit the best for the dependent
variables were linear, Quadratic, and 2FI, respectively. The data was
in alignment with the 3D response surface plot (fig. 1). Table 5
specified that the consequence of CPP on CQA is noteworthy
(significance value<0.05).

32 factorial design helped in analyzing the effect of CPP on CQA
(table 3). Eleven experimental runs were led and outcomes were
shown in table 4. ANOVA of Size, PDI, and % EE was presented in

Table 4: Size, PDI and % EE of factorial runs and validation batches (Data represents meanSD, n = 3)

X1 Concentration of lipid X2 Concentration of surfactant Y1 Y2 Y3
(%ow/w) (%Y%ow/w)
15 15 313.4+5.29 0.459+0.032 67.8+2.13
15 2 351.8+4.89 0.238+0.022 81.2+1.89
15 3 64.3+3.43 0.375+0.039 88.4+1.11
2 15 407.2+6.55 0.433+0.051 80.64+2.56
2 238+4.11 0.67+0.029 86.42+2.44
3 143.945.01 0.28+0.043 96.7+1.21
15 517.8+3.72 0.428+0.036 84.64+1.35
2 297.1+4.36 0.212+0.047 83.47+2.47
3 3 272.6+5.63 0.317+0.036 82.64+2.78
0 0.75 2.25 147.21+3.23 0.281+0.042 90.91+1.38
1 0.375 2.55 153.72+2.78 0.290+0.031 92.73+3.18

*Drug concentration was maintained constant (0.08% w/w) in all batches

Design-Expert® Software
Factor Coding: Actual
Size (nm)
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or a single surfactant (tween 0] with a solubilizer (PEG 200) (Batch solubilizer (3%w/w) and sonication time (10 min) were established
no. 6). Fall in size can be attributed to stabilizing effect of the second as fix levels for further trials.

Table 2a: Preliminary screening of solubilizer and a combination of surfactants (Data represents mean+SD, n = 3)

Batch no. 1 2 3 4 5 6 7 8 9 10

Yow/w

GMS . 1.5 15 15 . 15 . 15

PEG 400 2 3 4

PEG 200 3 3

Tween 80 . . . . . 15 . 15

Gelucire 15

Cremophor RH40

Kolliphor HS 15

Cremophor EL 15

Batch no. 1 2 3 4 5 6 7 9 11

Size (nm) 290.32 286.56 273.12  268.78 256.54 242.08 236.12 356.43 386.32
+4.98 +3.53 +2.32 15.28 +3.08 +4.19 +3.99 +6.28 15.01

PDI 0.589 0.342+0.05  0.322 0.343 0.358+0. 0.234+0  0.243 0.334+ 0.272+0.
+0.071 1 +0.098  +0.051 039 .067 +0.056 0.032 018

%EE 63.1+2. 94.6+3.13 92.1+2  95.145. 93.65+4. 98.5+2. 95.2+2. . 96.243 91.3+1.1
14 .63 35 7 54 57 .33 9

*Drug concentration was maintained constant (0.08% w/w) in all batches

Table 2b: Optimization of the sonication time of the batch screened in table 2a (Data represents mean+SD, n = 3)

Optimization of sonication time Batch no. 12 Batch no. 13 Batch no. 14 Batch no. 15

Batch no. 10 10 10
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Table 2b: Optimization of the sonication time of the batch screened in table 2a (Data represents mean+SD, n = 3)

Optimization of sonication time Batch no. 12 Batch no. 13 Batch no. 14 Batch no. 15
Batch no. 10 10 10 10

Sonication time (min) 5 7 10 12

Batch no. 12 13 14 15

Size (nm) 234.2142.3 nm 226.54+1.3 nm 216.43+3.5 nm 214.56+4.5 nm
PDI 0.25340.045 0.234+0.064 0.243+0.054 0.2240.011
%EE 92.1442.57 93.27+3.32 94.34+2.63 95.13+1.12

*Drug concentration was maintained constant (0.08% w/w) in all batches

Table 3: Design matrix for factor screening as per 32 factorial design along with actual and coded values for the CMAs

Types of variables Independent variables (CPP) Levels (Coded)

Low Medium High
X1= Concentration of lipid (%w/w) -1 0 +1
X2= Concentration of surfactant (%ow/w) -1 0 +1
Dependent variables (CQA)
Y1= Particle size(nm
Y2=PDI
Y3= %EE
Levels of factor studied
Factors Low level (-1) Medium level (0) High level (+1)
Concentration of lipid (%w/w) 15 2 3
Concentration of surfactant (%w/w) 1.5 2 3
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These data are derived from [18]


. The experiments 


reported in [18] were performed on the same ba


tch of nanoparticles that 


were used


 


for the exper


iments in the 


current manuscript.


 


 


All the characterization study was done. To attain the target product quality, 3


2


 


factorial designs were used to investigate 


the unique effects of major process factors on critical quality attributes. The overlay plot yielded an optimum formulation 


for Methotrexate solid lipid nanoparticles. Methotrexate incorporation was higher in sol


id lipid nanoparticles with a 


percent EE of more than 90% (


Figure S1, S2


). 


 


 


From the analysis, it was observed that in 2hrs, ~100% of the drug was released (


Figure S3


). Prolonged


-


release 


characteristics were exhibited by the MTXSLNs that showed a primary spurt of ~29% in 2 hrs and 95.59±0.918% in a 


constant fashion within 5 hrs.


 


According to the results, the values of particle size, polydispersity index (PDI), and 


entr


apment efficiency (%EE) ranged between 64.3 to 517.8 nm (z


-


average), 0.212 to 0.459, and 67.8 to 96.7 %, 


respectively (


Supplementary Table 4


). 


 


 


The improved MTX


-


SLN suspension exhibited an average particle diameter of 147.6±4.1 nm and PDI of 


0.296±0.058 w


hich is indicative of a consistent formulation. The MTX


-


SLNs had a zeta potential value of 


-


19±0.98 


mV (Figure S4). This demonstrated the physical stability of the formulation. The %EE was more than 90 (i.e., 


94.61±2.7%). The dry and shrunk configuration o


f the MTX SLNs suspension was seen in the image obtained from 


TEM analysis where they appeared in the range of 130 nm to 150 nm (


Figure S4


). 


Methotrexate solid lipid nanoparticles 


showed higher drug diffusion than drug solutions containing the crystalline 


form of the drug due to their lipidic character. 


Methotrexate had lost its distinctive crystalline form, according to findings from differential scanning calorimetry and 


X


-


ray diffraction (


Figure S5, S6


).


 


 


 


To assess the stability of the drug in the formul


ation, FT


-


IR spectroscopy was performed. From the obtained 


FT


-


IR bands (


Figure S7


), the following was concluded: MTX alone had a distinctive absorption band around 3368.9 


cm


-


1 as well as 3066.3 cm


-


1 which related to the N


-


H and O


–


H stretching. 


Absorption bands of nearly 1543.3 cm


-


1, 


and 1,464 cm


-


1 might have been due to an amide bonding that led to N


-


O asymmetric stretching.


 


The Methotrexate 


solid lipid nanoparticles utilised in this work showed considerably higher cytotoxicity than free MTX (


Fi


gure S8


). After 


oral administration of MTX formulations, an in vivo analysis was done to assess MTX. 


The relative bioavailability (Fr) 


was calculated using the following formula: Fr (%) = [AUC0


?8


 (MTX


-


SLNs)/AUC0


?8


 (MTX solution)] ×100. 


Supplementary Table 


8 lists the oral pharmacokinetic variables of MTX SLNs and MTX suspension. 


Figure 9


 


shows 


the mean plasma concentration


-


time profile in rats. 


 


 


 


Table 1a


 


demonstrates that PEG 200 at a concentration of 3% w/w obtained the highest entrapment efficiency and the smallest 


size and PDI. When compared to a single surfactant (tween 80) (Batch no. 1) or a single surfactant (tween 80) with a solubili


zer 


(PEG 200), 


the combination of surfactant (tween 80 and Kolliphor HS 15) and a solubilizer (PEG 200) (Batch no. 10) had the 


smallest size and PDI.


 


Size (234.21±2.3 nm to 216.43±1.3 nm) and PDI (0.253±0.045 to 0.243±0.054) showed a gradual decrease as sonication time 


w


as extended from 5 to 10 minutes, while % EE (92.14±2.57 to 94.34±2.63) increased (Batch no. 12


-


14, 


table 1b


). As a 


result, there was no significant change in particle size, PDI, or %EE when the sonication time was raised to 12 minutes (Batc


h 


no.15, table 


2b).


 


 


Table 2


 


shows the results of eleven different experimental runs. The particle size, PDI, and %EE values in the runs 


ranged from 64.3 to 517.8 nm (z


-


average), 0.212 to 0.459, and 67.8 to 96.7%, respectively. In all of the experimental 


runs, increasing


 


the lipid concentration from 1.5% w/w to 2% w/w resulted in an increase in %EE from 67.8%±3.23 to 


86 % and above. When the concentration of tween 80 and Kolliphor HS 15 (1:1) was gradually increased from 1% to 


2% w/w, the size and PDI decreased while the 


% EE increased. The interfacial tension between the fatty acid and aqueous 


portions was reduced when the concentration of tween 80 and Kolliphor HS 15 (1:1) was increased from 2% to 3% w/w.


 


 


Table 3


 


shows the ANOVA of Size, PDI, and % EE. Significance valu


e <0.05 shows the significant impact of CPP on 


CQA.


 


 


Table 2 presents the V1 and V2 formulas, whereas 


table 4


 


shows the observed vs predicted values of all responses for 


the validation batches, along with their degree of error.
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