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Supplementary Travoprost Liquid Nanocrystals: An Innovative
Armamentarium for Effective Glaucoma Therapy.
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Preliminary studies

Preliminary studies were conducted preparing PE-based LCNs using Phytantriol (PYT) as the lipid compared to GMO,
various types of stabilizers such as Cholesterol, Lecithin, TPGS, Solutol®HS, Brij52, MyrjS40 and Tween 80 in compari-
son to P407, and different stabilizer amounts. The PS, PDI and ZP were used as the characterization parameters in our
preliminary trials to set the type and the amount range of the lipid and stabilizer to be used in the subsequent experi-
mental design. The results are presented in Tables §1-S3

1. Effect of lipid type

First, the effect of lipid type was studied by preparing different LCNs using either GMO or PYT, both in the presence
of P407 as stabilizer and one of the different PE types selected either oleic acid, Captex® 8000 or Capmul® MCM. The
amounts of formulation components, either lipid, stabilizer, or PE, were maintained constant at 25 mg each. As shown
in Table S1, LCNs prepared with GMO showed significant lower PS than those with PYT (p<0.05) for the same PE type
as the results ranged between 139.91 + 5.11 to 259.53 + 19.51 nm and 165.37 + 8.68 to 424.43 + 62.27 nm, respectively. Our
data were in agreement with previous reports, as GMO systems produced significant lower PS than those prepared
using PYT [62 — 64]. This could be attributed to the high melting point of PYT (56-57°C) compared to that of GMO
(35°C), which leads to higher viscosity of the dispersion medium and hence decreasing efficiency of homogenization
process in reducing PS of the formed nanoparticles [65].

Similarly, LCNs prepared with GMO showed homogenous size distribution relative to PYT-LCNs for the same type of
PE where the respective PDI values were in the range of 0.10 + 0.09 to 0.31 + 0.02, and 0.23 = 0.04 to 0.58 + 0.09, as
presented in Table S1. In contrast, the surface charges of the prepared LCNs were comparable irrespective to the lipid
type revealing a non-significant difference between the obtained data for the same PE type (p>0.05). The obtained results
deduced that the type of PE is the influential factor for the difference in surface charges. As shown in Table S1, Oleic
acid provided higher negative ZP values to the formed LCNs than Captex® 8000 and Capmul® MCM did. The negative
charges of the free fatty acid are mostly responsible for the increase in ZP [39]. Because the latter two mono-/di-glycer-
ides are amphiphilic, they are most probably adsorbed onto the surfaces of the formed NPs, resulting in a shielding
effect with a considerable decrease in ZP magnitudes [49]. According to the previous findings, PYT was excluded, and
GMO was maintained as the lipid of choice during the subsequent experiments confirming its suitability in the prepa-
ration of PE-enriched LCNS.

Table S1. Physical characterization of liquid crystalline nanostructure formulae prepared with different lipid types during the pre-
liminary study.

F"Cr(‘)‘(‘l‘;la Lipid Type PE Type PS (nm)* £ SD PDI* + SD ZP (mV)* £ SD
RF-1 GMO Oleic acid 259.53 + 19.51 0.31 % 0.02 24.90 + 0.56
TF-1 PYT 424.43 £ 62.27 0.58 % 0.09 2426+ 0.40
RF-2 GMO Cantex® 8000 170.43 = 6.21 0.12 % 0.00 -8.08 £ 0.09
TF-2 PYT P 243.40 £ 9.61 0.23 + 0.04 10.50 £ 4.33
RF-3 GMO o 139.91 £5.11 0.10 % 0.09 29.66 + 0.24
TF-3 PYT Capmul"MCM 165.37 = 8.68 043 £0.13 819+ 122

All data are mean of triplicates + SD.

RF: Reference Formula, TF: Trial Formula, PE: Penetration Enhancer, SD: Standard Deviation, PS: Particle Size, PDI: Polydispersity Index, ZP:
Zeta Potential

All formulae composed of 25 mg of each lipid type (GMO or PYT), 25 mg P407 and 25 mg PE (Oleic acid, Captex 8000® or Capmul MCM®)
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2. Effect of stabilizer type

GMO-based nanostructures were screened using different stabilizers viz; Cholesterol, Lecithin, TPGS, Solutol®HS,
Brij52, MyrjS40 and Tween 80, relative to P407. For better comparison, LCN formulations were all prepared at the
same GMO: stabilizer mass ratio (1:1) and without the inclusion of any PE. The results of characterization parameters
of these formulae are summarized in Table S2.

Regarding the PS results shown in Table S2, the prepared LCNs showed variable sizes ranging from 106.3 + 0.98 to 7730
+ 0.76 nm. The LCNs could be ascendingly arranged in terms of PS according to the type of stabilizer used as follows;
TPGS < Tween < Lecithin < P407 < Cholesterol < Myrj < Solutol < Brij. TPGS and Tween 80 exhibited the smallest PS
among other stabilizers; as the respective data are 106.3 = 0.98 and 179.6 + 4.87 nm, respectively, while Brij52 showed
the largest ones with a PS of 7730 + 0.76 nm. The PDI data were also found variable ranging from 0.29 + 0.02 to 1 + 0.00.
TPGS and Tween80 also manifested the lowest PDI values of 0.29 + 0.02 and 0.330 + 0.02, respectively confirming a
uniform LCN size distribution. All the investigated stabilizers are characterized by high HLB values (greater than 8),
which favors the formation of o/w emulsions [66],[67], except for Lecithin and cholesterol which possess low HLB values
of less than 8. Thus, it can be inferred that HLB value might not be the key influential parameter for PS variation between
the different stabilizers, so the correlation with the chemical structure of each type could be of an interest.

Table S2. Physical characterization of liquid crystalline nanostructure formulae prepared using different stabilizers during the pre-
liminary study.

F "Cr(')‘(‘l‘;la Stabilizer Type PS* (nm) = SD PDI* + SD ZP* (mV) £ SD
RF-4 P407 224.40 + 13.70 0.39 + 0.08 -13.80 £ 0.91
TF-4 Cholesterol 335.00 + 3.04 0.40 + 0.00 -34.70 + 0.63
TF-5 Lecithin 203.10+3.11 0.43 = 0.00 -59.30 + 4.67
TF-6 TPGS 106.30 + 0.98 0.29 +0.02 -14.00 £ 1.56
TF-7 Solutol® 603.00 + 7.63 0.66 + 0.05 31.50 £ 0.07
TF-8 Brijs8 7730.00 = 0.76 1.00 = 0.00 -35.20 £ 2.05
TF-9 MyrjS40 461.60 + 65.90 0.50 + 0.02 3530+ 1.20

TF-10 Tween 80 179.60 + 4.87 0.33 +0.02 -19.60 = 0.63

* All data are mean of triplicates + SD.
RF: Reference Formula, TF: Trial Formula, SD: Standard Deviation, PS: Particle Size, PDI: Polydispersity Index, ZP: Zeta Potential
All formulae were prepared with GMO and stabilizer maintained at a mass ratio (1:1) with 25 mg each and without the inclusion of PE.

Asnoticed, the steroid-based lipid compound ‘cholesterol’ revealed a rigid bulky structure that might explain the prom-
inent increase in size of its corresponding LCNs. However, the other tested surfactants demonstrated analogous linear
structures composed of long alky chains convenient for good emulsification and steric repulsion. Hence, the discrep-
ancy in the size results would emphasize the importance of selecting the optimal type and concentration of stabilizers
considering sufficient affinity for the LCN surfaces and adequate interface coverage which depends on particle/surfac-
tant ratio [68]. The fact might also be elucidated to the changes in surfactant packing that occur at the o/w interface upon
lipid crystallization after homogenization and cooling processes during manufacture [69].

It can be noticed from Table S2 that TPGS showed the lowest ZP value of -14 + 1.56 mV, while lecithin showed the
highest one reaching -59.3 + 4.67 mV. Kulkarni and Feng, 2013 studied the effect of TPGS coating on the prepared na-
noparticles (NPs), then measured the PS, PDI and ZP before and after TPGS coating [70]. They found that ZP values
was shifted towards more positive direction after surface coating, suggesting that the neutral charge of the adsorbed
surface layer which was probably masking the particle surface charge and force shear plane further away from NP
surfaces, hence reducing the ZP relative to Stern potential. On the other hand, lecithin is an anionic surfactant with an
electronegative charge, which led to the increase in ZP values [71]. Most of the formulae showed absolute ZP values
higher than 10 mV. According to literature, ZP values higher than + 10 mV yields a relatively stable colloidal system
due to the electric repulsion among particles which is a key property of an agglomeration resistant dispersion [72] Based
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on the previous results, Tween 80 and TPGS were chosen along with P407 as the optimum stabilizers for the preparation
of LCNs as they showed the lowest PS with acceptable PDI and ZP values.

3. Effect of stabilizer amount

After stabilizer selection, our goal was to determine its minimum amount that can be needed for the successful for-
mation of stable LCNs, since this is of great importance in pharmaceutical industries. Initially, P407 was investigated to
stabilize LCNs at varying tiny amounts less than 25 mg, with and without the inclusion of PE, aiming to set the lowest
amount required to stabilize liquid crystals. Table S3 gathers the characterization data of these LCN formulations.

Table S3. Physical characterization of liquid crystalline nanostructure formulae prepared using different stabilizer amounts during
the preliminary study.

Formula PE Type P407 amount (mg) PS* (nm) &+ SD PDI* £ SD ZP* (mV) = SD

RF-4 25 224.40 + 13.70 039+ 0.08 “13.80 £ 0.91
TF-11 5 267.00+21.71 0.40 + 0.04 -16.80 £ 0.07
TF-12 None 25 288.00 + 16.90 043+0.11 -18.00 + 0.21
TF-13 1.25 45140 + 52.67 0.50 + 0.06 224.60+0.07
TF-14 0 NA NA NA
RF-1 25 259.53 £ 19.51 031+ 0.02 22490 £ 0.56
TF-15 Oleic acid 5 389.00 + 77.78 0.50+0.15 4620 + 523
TF-16 1.25 160.63 + 10.95 0.32 + 0.04 -66.65 + 5.72
TF-17 0 NA NA NA
RF-2 25 170.43 + 6.21 0.12 % 0.00 8.08 % 0.09
TF-18 5 187.00 = 4.38 0.19 = 0.01 -12.90 £ 0.07
TF-19 Captex® 8000 1.25 276.00 = 6.78 0.40 + 0.01 -14.60 £ 021
TF-20 0 NA NA NA
RF-3 25 139.91 +5.11 0.10  0.09 0.66+ 024
TF-21 5 189.50 + 0.70 0.30 % 0.00 -17.30 £ 0.35
TF-22 Capmul® MCM 1.25 267.90 +2.97 0.31 + 0.00 -15.60 + 0.21
TF-23 0 NA NA NA

*All data are mean of triplicates + SD.

RF: Reference Formula, TF: Trial Formula, PE: Penetration Enhancer, SD: Standard Deviation, PS: Particle Size, PDI: Polydisper-
sity Index, ZP: Zeta Potential, NA: Not applicable. All formulae were composed of 25 mg of GMO and 25 mg PE (if present) at
different P407 amounts.

Firstly, it can be noticed from Table S3, that the absence of stabilizer resulted in the complete failure to form LCNs.
Despite the fact that LCNs are thermodynamically stable, when dispersed in aqueous media, the liquid crystals tend to
aggregate as a result of hydrophobic regions being exposed to the external hydrophilic aqueous medium. As a result,
incorporation of stabilizing agents becomes critical step in LCNs preparation to prevent dispersed particles from re-
coalescing when dispersed in water. The stabilizer's primary role is to create an electrostatic and steric barrier between
particles, preventing close particle interaction and preserving the dispersed particles in a stable state. This action is
achieved by the stabilizer participating in the lipid water assembly without disrupting the cubic liquid crystallinity,
therefore selecting an optimum amount of stabilizer is crucial [73].

By inspection of Table S3, it can be observed that the increase in P407 amounts from 1.25 to 25 mg led to the formation
of PE-free LCNs with significantly (P<0.05) reduced PS; 451.40 + 52.67 and 224.40 + 13.70, respectively, noticing the non-
significant difference in PS when raising the stabilizer amount from 2.5 to 25 mg (p>0.05). Moreover, the least amount
of P407 (1.25 mg) has been shown to be sufficient to stabilize all PE-containing LCNs, where the PS results attained
160.63 + 10.95, 276.00 + 6.78, and 267.90 + 2.97 nm in case of oleic acid, Captex® 8000 and Capmul® MCM, respectively.
This could be due to the emulsifying properties of the PEs used [74],[75]. Also, it is worthy to notice the negligeable
differences between the measured LCN sizes while using 5 and 25 mg of P407 in different formulae, this endorses the
prominent stabilization effect of P407 even at lower amounts.
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The obtained PDI values confirmed the size homogeneity of all the produced LCNs as they ranged from 0.1 to 0.5. As
previously elucidated, the ZP data varied according to the type of PE used; where oleic acid-based particles showed the
highest ZP range compared to those containing Captex® 8000 and Capmul® MCM. The previous findings could be due
to the fact that high surfactant concentration decreases surface tension and thus stabilizes newly developed surfaces
during homogenization and so leads to the production of smaller particles [76]. Likewise, the insufficient amount of
surfactant may cause instability and recrystallization of lipid nanostructures [69]. Based on the obtained results, a min-
imum-maximum range of stabilizer amount was set at 1.25 mg — 25 mg during the subsequent experimental design.

Table S4. Physical stability data of the selected TRAVO-loaded LCNs stored under refrigeration at 5 + 3°C for 90 days.

Formula Parameters* F1L F3-L
= SD Day 0 Day 30 Day 90 Day 0 Day 30 Day 90
PS (nm) 21620+6.12  212.00+3.62 24330+2.62 129.40+11.73 136.06+7.09 144.40=+1.78
PDI 0.27 £0.03 0.31+£0.03 0.33 +£0.01 0.34 +0.03 0.34+0.04 0.34+0.03
ZP (mV) -7293+£1.97 -69.31+£2.64 -68.70 +1.91 -17.55+£2.10 -15.15+0.31 16.85+0.21
EE (%) 85.30+4.29 80.30 +4.29 81.03 +3.90 82.54 +7.65 83.54 +7.65 79.07 +2.65

* All data are mean of triplicates + SD.

PS: Particle size, PDI: Polydispersity index, ZP: Zeta potential, EE: Entrapment efficiency, SD: Standard deviation.
F-1-L is composed of 25 mg GMO, 25 mg Oleic acid, and 25 mg Tween 80.

F-3-L is composed of 25 mg GMO, 25 mg Captex® 8000, and 25 mg Tween 80

Table S5. Physical characteristics of the selected TRAVO-loaded LCNss after sterilization by gamma irradiation at different doses.

F-1-L F-3-L

Formula Parame-

ters)* Non-steri- Non-steri-

5KGy 10KGy 15KGy 25KGy 5KGy 10KGy 15KGy 25KGy

=SD lized lized
PS (nm) 21620+ 21831+ 21501+ 22130+ 219.09+ 12940+ 135.80+ 125.87+ 128.87+ 134.98 +
6.12 4.02 2.82 4.13 7.34 11.73 7.64 5.86 3.73 8.32
DI 027 0.26 0.28 031 027 034 031 033 0.30 036
+0.03 +0.07 +0.01 +0.08 +0.10 +0.03 +0.04 +0.03 +0.08 +0.06
ZP (mV) 27293+ 7403+ -7093+ -72.04+ -7043+ -1755+ -1553+ -1921+ -2066+ -1842+
1.97 3.17 2.65 2.01 4.07 2.10 391 4.32 4.87 2.22
EE (%) 85.30 83.00 87.30 82.06 84.89 82.54 84.32 79.21 86.94 80.04

+4.29 +5.87 +6.09 +7.53 +6.03 +7.65 +8.73 + 6.60 +7.11 +5.42

* All data are mean of triplicates + SD.

PS: Particle size, PDI: Polydispersity index, ZP: Zeta potential, EE: Entrapment efficiency, SD: Standard deviation.
F-1-L is composed of 25 mg GMO, 25 mg Oleic acid, and 25 mg Tween 80.

F-3-L is composed of 25 mg GMO, 25 mg Captex® 8000, and 25 mg Tween 80.
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