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Abstract

Early changes in cerebrovascular hemodynamics and endothelial function can contribute
to altered cognitive function and systemic vascular stiffness later in life. Accordingly,
vascular pathology accompanies the mechanisms underlying aging. The development of
chronic cerebral hypoperfusion, which leads to a lack of blood flow to the brain, is a
common trait despite the various and complex pathogenic mechanisms causing these
vascular alterations. Drugs or other bioactive compounds can be incorporated into a "high
density lipoprotein-like” ("HDL-like") lipid nanocarrier to create a multifunctional
"combination therapeutic™ that can target cell-surface scavenger receptors, primarily SR-
Bl. The enhanced endocytosis of the nanocarrier's drug contents into various target cells,
made possible by this proposed (biomimetic-nanocarrier) therapeutic vehicle, increases
the likelihood that this multitasking "combination therapeutic™ will be more effective at

various stages of dementia.
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1. Introduction

Emerging evidence from numerous animal models indicates that in the development of
Alzheimer's disease, cerebrovascular dysfunction frequently precedes both cognitive
decline and the start of neurodegenerative alterations [1-4]. In light of this fact, mixed
pathology — which displays both Alzheimer's disease and vascular abnormalities — has
been identified as the most frequent cause of clinical dementia in elderly people [5]. The
senile plaques (or characteristic lesions of Alzheimer's disease) are extracellular deposits
mostly composed of insoluble aggregates of amyloid- protein (AP) fibrils and are
infiltrated by reactive microglia and astrocytes. AP fibrils cause the production of
neurotoxins like reactive oxygen species, by microglia, and have a damaging effect on
neurons. Microglia have been implicated as scavenging cells that are responsible for
clearing AP fibril deposits of Alzheimer's disease. Accordingly, microglial scavenger
receptors have already been described as novel targets for therapeutic interventions in

Alzheimer's disease [5].

2. Targeted Nanotherapy for Late-Onset Dementia

A breakdown of the blood-brain barrier (BBB) resulting from structural changes to the
cerebral microvasculature are examples of the vascular abnormalities connected to small-
vessel illness. Therefore, it is not unexpected that numerous epidemiological studies have
found a significant overlap between the risk factors for late-onset Alzheimer's disease and

small-vessel cerebrovascular illness [3].

As specifically regards drug targeting, it has been documented repeatedly that cell-
surface scavenger receptors, primarily class B type | (i.e., SR-BI), allow for the
pharmacological targeting [3,6-13] of endothelial regulation and/or repair [13-15].
Moreover, the earlier reviewed [3,6)] "lipid-coated microbubble/nanoparticle-derived"
(LCM/ND) nanoemulsion can conceivably function as a targeted, apoA-I-based, (SR-BI
mediated) therapeutic agent for common (late-onset) dementias. Specifically, this
expectation is based on the fact that SR-BI has already been identified as a major receptor
for high-density lipoprotein or HDL (with their major apolipoprotein (apo)A-I) [16-18].

Such LCM/ND nanoemulsions may well be able to partially imitate the heterogeneity of
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HDL particles due to similarities in the lipid content, which has been documented

previously [3,5,6], between HDL and these nanoemulsion (drug-carrier) particles.

The ongoing discoveries of cerebrovascular pathology [5,6,19-29] and an apparent
endothelium dysfunction [3,17,18,25,30-36], in both Alzheimer's disease and its major
risk factors [5,6,29-41], provide additional impetus for this particular targeted delivery
approach which uses the proposed LCM/ND lipid nanoemulsion for treating the more
prevalent (late-onset) dementias. Adding certain drug molecules to the LCM/ND lipid
nanoemulsion type, which is known to be an effective drug carrier [3,42,43], would make
the following possible: Multiple cell types, which are often implicated in Alzheimer's

disease [6], can be simultaneously nanotargeted via cell-surface SR-BI [42,43].

3. Biobased Lipid Nanoemulsion: Size Distribution and Safety Studies

Physical characterization of the actual size distribution of the LCM/ND lipid
nanoemulsion particles has already been extensively explored [3]. In these studies, the
scattered light was measured using five distinct optical particle counters (different models)
that were all produced by Particle Measuring Systems (Boulder, CO). Given that all of
the data were essentially identical, it can be concluded that the LCM/ND lipid
nanoemulsion did not vary in particle size under the various concentration settings. Over
a period of time (at least one month), there was no discernible change in the size
distribution [3]. When measured with optical particle counters, this nanoemulsion type
contains close to 10 billion particles (< 0.1 um) per ml. 90% or more of the nanoemulsion

particles had diameters of less than 0.2 pm.

The risk of embolism is negligible because neither in vitro nor in vivo investigations have
demonstrated that the LCM/ND lipid nanoemulsion particles aggregate or coalesce into
any "superparticle or microbubble-like" structure more than 5 pm [3]. The acute
intravenous LDsy for both species was determined to be greater than 4.8 ml/kg.
Furthermore, no overt toxicity or mortalities were observed at a dose of 4.8 ml/kg [3].
Using the same (isotonic) lipid nanoemulsion agent, it was determined in additional
animal (range-finding subchronic intravenous) toxicology studies [3] that the following

toxicology outcomes were seen at intravenous doses of 0.14 ml/kg given three times a
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week for six weeks (in rats) and 0.48 ml/kg given three times a week for three months (in
rabbits): The blood chemistry, liver functions, hematology, and coagulation profile did
not change adversely, and neither did the the histology of the adrenals, bladder, brain,
heart, kidney, liver, lungs, marrow, pituitary, spleen, testes, thyroid, and ureters [3].

4. Biobased LCM/ND Nanoemulsion Type Consists of Lipid Cubic Phases

A noteworthy lipid cubic phase (i.e., Fd3m) is created by a variety of lipid mixtures,
when dispersed in water, and is based on packings of discrete inverse micellar aggregates
[3,44,45,47-50]. The LCM/ND lipid nanoemulsion is particularly pertinent to the
dispersed Fd3m cubic phase because both of these lipid structures frequently contain
cholesterol and three types of (saturated) glycerides, namely tri-, di-, and monoglycerides
[51,52].

Given that these nanoemulsion particles are expected to adsorb apoA-l (see Sect. 2,
paragr. 2), it is plausible that they will be effective at their intended targets [3]. Again,
when the aforementioned information is combined with the known heterogeneity of HDL
particles and the well-documented multiligand capability of SR-BI, this receptor emerges
as the top candidate (of all lipoprotein receptors) for major involvement in the enhanced
endocytosis of LCM/ND nanoemulsion particles into, and transcytosis across, the
endothelial cell layer of the BBB [3].

5. Concluding Remarks

The use of lipid nanocarriers, such as nanoemulsions, to circumvent the barriers that
prevent medication transport across the BBB has, very recently, brought these materials
back into the spotlight. Particularly, the "HDL-like" lipid nanoemulsion type (also
referred to as "LCM/ND nanoemulsions™ [3,5,6] ) displays a natural tendency to target
SR-BI receptors (cf. above) and, therefore, would likely act to increase the total
comcentration of (targeted) drug in the brain parenchyma — due to this nanocarrier's
direct interaction with SR-BI receptors on the BBB. Additionally, this particular targeting

behavior can facilitate the drug's enhanced endocytosis into various target cells [3,5,6,53-
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55], which in turn raises the possibility this "HDL-like" nanoemulsion will be more
effective at different stages of dementia (cf. [28]) when used as a multitasking (drug-

carrying) therapeutic vehicle.



126
127
128
129
130
131

132
133
134
135
136
137

138
139
140
141
142

143
144
145

146
147
148
149
150
151
152
153
154
155

References

1. Bennett RE, Robbins AB, Hu M, Cao X, Betensky RA, Clark T, et al. Tau induces
blood vessel abnormalities and angiogenesis-related gene expression in P301L transgenic
mice and human Alzheimer's disease. Proc. Natl. Acad. Sci. USA 2018;

d0i:10.1073/pnas.1710329115 .

2. Duncombe J, Kitamura A, Hase Y, lhara M, Kalaria RN, Horsburgh K. Chronic
cerebral hypoperfusion: a key mechanism leading to vascular cognitive impairment and
dementia. Closing the translational gap between rodent models and human vascular
cognitive impairment and dementia. Clin. Sci. 2017; 131:2451-2468.

3. D'Arrigo JS. Stable Nanoemulsions: Self-Assembly in Nature and Nanomedicine.
Amsterdam: Elsevier; 2011. 415 pp, ISBN 978-0-444-53798-0.

4. Stefanova NA, Maksimova KY, Rudnitskaya EA, Muraleva NA, Kolosova NG.
Association of cerebrovascular dysfunction with the development of Alzheimer's disease-
like pathology in OXYS rats. BMC Genomics 2018; 19 (Suppl 3):75.

5. D'Arrigo JS. Drug nanotargeting for treatment of neurodegeneration and aging. Aging
Pathobiol. Ther. 2021; 3(2), doi:10.31491/apt.2021.06.053 .

6. D'Arrigo JS. Nanotargeting of drugs for delaying dementia: relevance of Covid-19
impact on dementia. Am. J. Alzheimers Dis. Other Demen. 2020; 35:1-12,
d0i:10.1177/1533317520976976761 .

7. Srimanee A, Regberg J, Hallbrink M, Vajragupta O, Langel U. Role of scavenger
receptors in peptide-based delivery of plasmid DNA across a blood-brain barrier model.
Int. J. Pharm. 2016; 500:128-135.

8. Di Marco LY, Venneri A, Farkas E, Evans PC, Marzo A, Frangi AF. Vascular
dysfunction in the pathogenesis of Alzheimer’s disecase — A review of endothelium-
mediated mechanisms and ensuing vicious circles. Neurobiol. Dis. 2015; 82:593-606.

9. Carradori D, Gaudin A, Brambilla D, Andrieux K. Application of nanomedicine to the
CNS diseases. Int. Rev. Neurobiol. 2016; 130:73-113.

10. Zenaro E, Piacentino G, Constantin G. The blood-brain barrier in Alzheimer’s
disease. Neurobiol. Dis. 2016; 107:41-56.



156
157
158
159
160
161
162
163
164
165
166
167
168
169
170
171
172
173
174
175
176
177
178
179
180
181
182
183
184

11. Qosa H, Mohamed A, Al Rihani SB, Batarseha YS, Duong QV, Keller JN, et al.
High-throughput screening for identification of blood—-brain barrier integrity enhancers: a
drug repurposing opportunity to rectify vascular amyloid toxicity. J. Alzheimers Dis.
2016; 53:1499-1516.

12. Koizumi K, Wang G, Park L. Endothelial dysfunction and amyloid-induced
neurovascular alterations. Cell. Mol. Neurobiol. 2016; 36:155-165.

13. Goldwaser EL, Acharya NK, Sarkar A, Godsey G, Nagele RG. Breakdown of the
cerebrovasculature and blood-brain barrier: a mechanistic link between diabetes mellitus
and Alzheimer’s disease. J. Alzheimers Dis. 2016; 54:445-456.

14. Mahringer A, Reichel V, Ott M, MacLean C, Reimold I, Hollnack-Pusch E, et al.
Overcoming the blood brain barrier: the challenge of brain drug targeting. J.
Nanoneurosci. 2012; 2:5-19.

15. Fung KY, Wang C, Nyegaard S, Heit B, Fairn GD, LeeWL. SR-BI mediated
transcytosis of HDL in brain microvascular endothelial cells is independent of caveolin,
clathrin, and PDZKZ1. Front. Physiol. 2017; 8:841.

16. Robert J, Button EB, Stukas S, Boyce GK, Gibbs E, Cowan CM, et al. High-density
lipoproteins suppress Ap-induced PBMC adhesion to human endothelial cells in
bioengineered vessels and in monoculture. Mol. Neurodegener. 2017; 12:60.

17. Robert J, Stukas S, Button E, Cheng WH, Lee M, Fan J, et al. Reconstituted high-
density lipoproteins acutely reduce soluble brain AP levels in symptomatic APP/PS1
mice. Biochim. Biophys. Acta 2016; 1862:1027-1036.

18. Hottman, DA, Chernick D, Cheng S, Wang Z, Li L. HDL and cognition in
neurodegenerative disorders. Neurobiol. Dis. 2014; 72:22—-36.

19. Weekman EM, Sudduth TL, Caverly CN, Kopper TJ, Phillips OW, Powell DK, et al.
Reduced efficacy of anti-A immunotherapy in a mouse model of amyloid deposition and
vascular cognitive impairment comorbidity. J. Neurosci. 2016; 36:9896-9907.

20. Nelson AR, Sweeney MD, Sagare AP, Zlokovic BV. Neurovascular dysfunction and
neurodegeneration in dementia and Alzheimer’s disease. Biochim. Biophys. Acta 2016;
1862:887-900.



185
186
187
188
189
190
191
192
193
194
195
196
197
198
199
200
201
202
203
204
205
206
207
208
209
210
211
212
213
214

21. Kapasi A, Schneider JA. Vascular contributions to cognitive impairment, clinical
Alzheimer’s disease, and dementia in older persons. Biochim. Biophys. Acta 2016;
1862:878-886.

22. McAleese KL, Alafuzoff I, Charidimou A, De Reuck J, Grinberg LT, Hainsworth AH,
et al. Post-mortem assessment in vascular dementia: advances and aspirations. BMC Med.
2016; 14:129.

23. Noh Y, Seo SW, Jeon S, Lee JM, Kim JS, Lee JH, et al. The role of cerebrovascular
disease in amyloid deposition. J. Alzheimers Dis. 2016; 54:1015-1026.

24. Hishikawa N, Fukui Y, Sato K, Kono S, Yamashita T, Ohta T, et al. Cognitive and
affective functions in Alzheimer’s disease patients with metabolic syndrome. Eur. J.
Neurol. 2016; 23:339-345.

25. Gutierrez J, Honig L, Elkind MS, Mohr JP, Goldman J, Dwork AJ, et al. Brain
arterial aging and its relationship to Alzheimer dementia. Neurology 2016; 86:1507-1515.
26. Nagata K, Yamazaki T, Takano D, Maeda T, Fujimaki Y, Nakase T, et al. Cerebral
circulation in aging. Ageing Res. Rev. 2016; 30:49-60.

27. Calabrese V, Giordano J, Signorile A, Ontario ML, Castorina S, de Pasquale C, et al.
Major pathogenic mechanisms in vascular dementia: roles of cellular stress response and
hormesis in neuroprotection. J. Neurosci. Res. 2016; 94:1588-1603.

28. Toth P, Tarantini S, Csiszar A, Ungvari ZI. Functional vascular contributions to
cognitive impairment and dementia: mechanisms and consequences of cerebral
autoregulatory dysfunction, endothelial impairment, and neurovascular uncoupling in
aging. Am. J. Physiol. Heart Circ. Physiol. 2017; 312:H1-H20.

29. Devraj K, Poznanovic S, Spahn C, Schwall G, Harter PN, Mittelbronn M, et al.
BACE-1 is expressed in the blood-brain barrier endothelium and is upregulated in a
murine model of Alzheimer’s disease. J. Cereb. Blood Flow Metab. 2016; 36:1281-1294.
30. Chao AC, Lee TC, Juo SH, Yang DI. Hyperglycemia increases the production of
amyloid-peptide leading to decreased endothelial tight junction. CNS Neurosci. Ther.
2016; 22:291-297.

31. Khalil RB, Khoury E, Koussa S. Linking multiple pathogenic pathways in
Alzheimer’s disease. World J. Psychiatry 2016; 6:208-214.



215
216
217
218
219
220
221
222
223
224
225
226
227
228
229
230
231
232
233
234
235
236
237
238
239
240
241
242
243
244

32. Festoff BW, Sajja RK, van Dreden P, Cucullo L. HGMB1 and thrombin mediate the
blood-brain barrier dysfunction acting as biomarkers of neuroinflammation and
progression to neurodegeneration in Alzheimer’s disease. J. Neuroinflamm. 2016; 13:194.
33. Gangoda SV, Butlin M, Gupta V, Chung R, Avolio A. Pulsatile stretch alters
expression and processing of amyloid precursor protein in human cerebral endothelial
cells. J. Hypertens. 2016; 34:e24.

34. Roberts AM, Jagadapillai R, Vaishnav RA, Friedland RP, Drinovac R, Lin X, et al.
Increased pulmonary arteriolar tone associated with lung oxidative stress and nitric oxide
in a mouse model of Alzheimer’s disease. Physiol. Rep. 2016; 4:12953.

35. Kyrtsos CR, Baras JS. Modeling the role of the glymphatic pathway and cerebral
blood vessel properties in Alzheimer’s disease pathogenesis. PL0S ONE 2015;
10:e0139574.

36. Kalaria, RN, Akinyemi R, lhara M. Stroke injury, cognitive impairment and vascular
dementia. Biochim. Biophys. Acta 2016; 1862:915-925.

37. Khan A, Kalaria RN, Corbett A, Ballard C. Update on vascular dementia. J. Geriatr.
Psychiatry Neurol. 2016; 29:281-301.

38. Toda N, Okamura T. Cigarette smoking impairs nitric oxide-mediated cerebral blood
flow increase: implications for Alzheimer’s disease. J. Pharmacol. Sci. 2016; 131:223—
232.

39. Uiterwijk R, Huijts M, Staals J, Rouhl RP, De Leeuw PW, Kroon AA, et al.
Endothelial activation is associated with cognitive performance in patients with
hypertension. Am. J. Hypertens. 2016; 29:464-469.

40. Wang YJ. Lessons from immunotherapy for Alzheimer’s disease. Nat. Rev. Neurol.
2014; 10:188-189.

41. Krstic D, Knuesel 1. Deciphering the mechanism underlying late-onset Alzheimer’s
disease. Nat. Rev. Neurol. 2013; 9:25-34.

42. D'Arrigo JS. Alzheimer’s disease, brain injury, and CNS nanotherapy in humans:
sonoporation augmenting drug targeting. Med. Sci. 2017; 5:29.

43. Barbarese E, Ho SY, D’Arrigo JS, Simon RH. Internalization of microbubbles by

tumor cells in vivo and in vitro. J. Neurooncol. 1995; 26:25-34.



245
246
247
248
249
250
251
252
253
254
255
256
257
258
259
260
261
262
263
264
265
266
267
268
269
270
271
272

273
274

44. Garg G, Saraf Sh, Saraf Sw. Cubosomes: an overview. Biol. Pharm. Bull. 2007,
30:350-353.

45. Pouton CW. Properties and uses of common formulation lipids, surfactants and
cosurfactants. In: Proceedings of the AAPSWorkshop -- Effective Utilization of Lipid-
Based Systems to Enhance the Delivery of Poorly Soluble Drugs: Physicochemical,
Biopharmaceutical and Product Development Considerations; P.P. Constantinides, and
C.J.H. Porter (eds.). AAPS, Arlington, VA, USA; 5-6 March 2007.

46. Kaasgaard T, Drummond CJ. Ordered 2-D and 3-D nano-structured amphiphile self-
assembly materials stable in excess solvent. Phys. Chem. Chem. Phys. 2006; 8:4957-
4975.

47. Small DM. The behavior of biological lipids. Pure Appl. Chem. 1981, 53:2095-2103.
48. Seddon JM, Robins J, Gulik-Krzywicki T, Delacroix H. Inverse micellar phases of
phospholipids and glycolipids. Phys. Chem. Chem. Phys. 2000; 2:4485-4493.

49. Luzzati V, Vargas R, Mariani P, Gulik A, Delacroix H. Cubic phases of lipid-
containing systems: elements of a theory and biological connotations. J. Mol. Biol. 1993;
229:540-551.

50. Luzzati V, Vargas R, Gulik A, Mariani P, Seddon JM, Rivas E. Lipid polymorphism:
a correction. The structure of the cubic phase of extinction symbol Fd — consists of two
types of disjointed reverse micelles embedded in a three-dimensional hydrocarbon matrix.
Biochemistry 1992; 31:279-285.

51. D'Arrigo JS. Surfactant mixtures, stable gas-in-liquid emulsions, and methods for the
production of such emulsions from said mixtures. U.S. Patent No. 4,684,479; issued
1987.

52. D'Arrigo JS. Method for the production of medical-grade lipid-coated microbubbles,
paramagnetic labeling of such microbubbles and therapeutic uses of microbubbles. U.S.
Patent No. 5,215,680; issued 1993.

53. D'Arrigo JS. Biobased nanoemulsion methodology aimed at nanotargeted drug
delivery for dementia. Nano Prog. 2021; 3:11-18.

54. D'Arrigo JS. Arterial elasticity: linking of cardiovascular risks, pulse pressure,

dementia, aging, and drug targeting. OBM Neurobiol. 2022; 6:117.



275 55. D'Arrigo JS. Pathophysiological linkage between aging and cognitive decline:
276 implications for dementia treatment. OBM Integr. Compl. Med. 2022; 7(4),
277 doi:10.21926/obm.icm.2204054 .



