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ABSTRACT:

Background :Mitochondria are ubiquitous organelles in eukaryotic cells whose primary function is to generate
energy supplies in the form of ATP through oxidative phosphorylation. As the entry point for most electrons into
the respiratory chain, NADH:ubiquinone oxidoreductase, or complex |1, is the largest and least
understoodcomponent of the mitochondrial oxidative phosphorylation system.Hydroxytyrosol (HT) is a major
polyphenolic compound found in olive oil with reported anti-cancer and anti-inflammatory activities.
Objectives: identification of neuroprotective effect of HT as well as effect on histopathological study on
pituitary gland in rat.

Methodology:in the present study,After 8 weeks of HTextract and nanosespension administration at doses of
50 and 50 mg/kg, the histopathology of pituitary glandmicroscopy observations did not reveal any morphological
alteration in the tissue examined.

Results: There were no differences between controls and test item treated animals. Our observations suggest
that HT improves mitochondrial function through activation of the AMPK pathway in the pituitary gland in rat.
Conclusions: Hydroxytyrosol (HT) has neuroprotective effect study,hydroxytyrosol and their nanoparticles
has not pathological changes on pituitary gland as well as that HT improves mitochondrial function through
activation of the AMPK pathway in the pituitary gland in rat.

Keywords :Hydroxytyrosol, nanosespension, Mitochondria, polyphenol

INTRODUCTION

Mitochondriaare organelles exist only in the cytoplasm of the cellsrequirements of adenosine
triphosphate (ATP), which is regarded as fuel of the cell, the number of mitochondria varies depending
onthe amount of energy consumed by thatcell(Mclnnes, 2013).Hydroxytyrosol phenol occurs in a
natural way in olive (Vilaplana-Pérez et al., 2014) and its hydroxytyrosol, 2-(3,4-
dihydroxyphenyl)ethanol structure is regarded as one of the best polyphenols for its ability to scavenge
free radicals (Fernandez-Bolafios et al., 2012).Moreover, HT also encouraged the action of cells of the
immune system, with its high antioxidant capacity protecting neutrophils against oxidation mediated by
hydrogen peroxide. (ilhan et al., 2015) In addition, HT effectively protects the DNA of mononuclear
blood cells and peripheral monocytes of patients with Alzheimer’s disease. (Grossiet al., 2014).
European Science Foundation as ‘the science and technology of diagnosing, preventing and treating of
clinical disturbance such as relieving pain, traumatic injury, and saving human health, using molecular
knowledge and tools of the animal body, there are many of nano-pharmaceuticals like magnetic
nanoparticles, quantum dots, dendrimers, liposomes, carbon nanotubes, metallic nanoparticles and
polymeric nanoparticles (Martin, 2006; Jasim etal.,2019 b).

The major goals in designing nanoparticles as a delivery system are to control particle size,
surface properties and release of pharmacologically active agents in order to achieve the site-specific
action of the drug at the therapeutically optimal rate and dose regimen (Mohanraj and Chen, 2006)

EXPERIMENTAL METHODS

Preparation of hydroxytyrosol - nanoparticles:
Nanoparticles of hydroxytyrosol of were prepared by the nanoprecipitation method
according to (Gaonkaret al., 2017 ; jasim etal.,2019 a ) with mild modification. All steps included
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solvents, dissolved or emulsified were done in a chemical fume hood, which can be listed by following
points:

1. The an aqueous solution included 200 mg of hydroxytyrosol was placed in a glass test tube
and then transfered 1 ml of de-ionized water solvent, after that the top of the tube was closed
with a small piece of aluminum foil, and Parafilm the foil securely, the Parafilm was put
tightly opposite to the top edge of the tube.

2. The level of each solvent was tagged on the outside of the test tube and the dissolving
hydroxytyrosol was incubated overnight, then vortex on high speed until all hydroxytyrosol
powder was entity dissolved (~10 min).

3. An organic phase of Hexane was prepared and added to a 200 ml glass beaker contain
aqueous phase of hydroxytyrosol , after that put on a magnetic stir bar at stirring speed 500
rpm for 10 hour until remove hexane compeletly . And then percent 1:1 of 0.06 % of TPGS
was added to solution for emulsified solution. Then the test tube was stirried.

4. The emulsified hydroxytyrosol solution was put in the small beaker 20 ml and then directly
transfered to the ultrasonicator and immersed in the ice water and sonicate the emulsion for 9
min, pulse on time 15 seconds with pulse off time 15 seconds and 50% amplitude .

5. The emulsified nanoparticle was put in beaker 100ml and then wrapped in aluminum foil, the
top of beaker was leaved open to facilitate solvent evaporation.

6.The suspension obtained was filtered (Whatman filter paper 1) to discard any precipitated and then
centrifuged at 14,000 rpm at 4 °C .The supernatant containing the unbound drug was discarded; the
pellet obtained was washed 2—3 times with distilled water .

EXPERIMENTAL STUDY

Sixty adult male Wister rats were randomly and equally divided into three
groups of 20 animals for each. All three groups fed on ordinary pelleted diet and
drinking water and subjected to same ventilation and living conditions. The first
group, named as control, was daily oral administration distilled water. The second
group, labeled as T1,subjected to daily oral administration of HT extract (50 mg/kg)
(Al-Zamely and Sabea, 2019). The last third group (T2) was daily drenched a
treatment of HT nanoparticles (50 mg /kg)

STATISTICAL ANALYSIS

Data are presented as means with their standard errors. The statistical significance of differences
among groups were analysed using a one-way ANOVA to be statistically significant.

RESULT AND DISCUSSION

Charctrization of hydroxytyrosol nanoparticles:

The (Fig. 4-3) revealed typical SEM micrograph of chemical and biological SNPs. The
morphology of NPs was cubic in shape, uniformly (mono dispersed) without significant aggregation.
Scanning electron microscopy has been employed to determine the shape, size and morphology of
chemical and biological synthesized SNPs.

- s

Figure(1) Show SEM image of particle size and morphology of hydroxytyrosol nano
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Figure (3) : Zeta potential of hydroxttyrosol nanoparticles refer to stability of nanoparticles

SNPs size was determined by dynamic light scattering. The size of nanoparticles distribution
analysis of chemical method revealed the average of particles size was approximately 107 nm (107 + 3)
(Fig. 4-4)

The activity of SNPs influence of its size particles, the small particles well known more
effective than large one (Ghotaslouet al., 2017). Many previous studies reported that activity based on
particles size of SNPs (Martinez-Castanonet al., 2008).The nanoprecipitation technique produced
nanoparticles (NPs) of approximately 107 nm in size, which is optimal for the ability of NPs to be used
for oral administration , this result was in an agreement with (Rafiei and Haddadi, 2017). The present
study and others have used a variety of emulsifying and stabilizing agents, including vitamin E-TPGS
and hexane (McCall and Sirianni, 2013).Our study used a 1:10 drug-polymer ratio, this result is in
agreement with results reported by Gaonkar et al. (2017) who demonstrated that a 1:10 ratio is optimal
for a PLGA delivery system for Garcinol loading drug rather than 1:20.

Herein, the protocol used is focused on synthesis of nanoparticles with vitamin E TPGS as the
emulsifying agent and hexane as the solvent. However, alternative solvents and/or emulsifying agents
are feasible(Jasim et al.,2021). In general, the experiments have appeared that hexane produces smaller
and more uniformly sized nanoparticles because hexane is water-miscible, it is excluded.Our data were
concord with many reports showed that hexane reduced size of HT nanoparticles and prevent
nanoparticles aggregation and sedemination that generate a significant increase in particles due to water
immscible and asignificant particles aggeregation that result from incompatable with emulsifier vitamin
E-TPGS(Song et al.,2006; Yalcinet al., 2017). On the other aspect elevation of nanoparticles size
reduced the uptake by cell and limitation the distribution in the body due to mononuclear phagocytic
system tag and expell the drug size of more than 1000 nm (Gustafson et al., 2015, Behzadiet al.,2017) .

The size of NPs had a direct influence on mechanisms of particle internalization by cells, as
well as their distribution in tissue, which can be resulted in dramatic differences in delivery
effectiveness(Mundargi et al., 2008). Delivery of small NPs might also be facilitated passive targeting
of vessels via the enhancing permeation and retention effect as well as reducing drug administration
frequency(Zhang et al., 2018). In the present study the nanoprecipitation technique produced a drug
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encapsulation efficiency varies widely depending on the properties of the specific drug, the size of the
particle, and the emulsifier. Encapsulation of hydrophobic drugs via a single emulsion may be
supported the generation of ultra-small NPs compared to the double-emulsion method recorded by
(Zhang and Feng,2006;Madani et al., 2018) .

The histopathological examination of the pituitary gland of the male rats section in the control
group showed normal adenohypophysis, mediastanium and neurohypophysis. Figure 4.7, 4.8 shows the
structure of the control rat’s pituitary gland. The first treatment group which subjected to dose of
hydroxytyrosol 50 mg/kg for 8 weeks showed no lesion, as shown in figure 4.11, 4.12. Whereas the
second treatment group which subjected to of hydroxytyrosol nanoparticle 50 mg/kg for 8 weeks
showed no clear lesion figure 4.9, 4.10. Microscopy observations did not reveal any morphological
alteration in the organs or tissues examined. There were no differences between controls and test item
treated animals.

The antioxidant and anti-inflammatory activity of hydroxytyrosol has given a protection to
pituitary gland tissue, the current results were highly agreeable with the work of Schaffer (Schaffer et
al., 2007) who conducted that hydroxytyrosol rich olive mill waste water extract has a powerful
antioxidant, anti-inflammatory, and antithrombotic activities. Moreover, the pituitary gland shows three
parts separated by adense connective tissue septae that contains blood as it was also reported by
Mahmood (Mahmood, 2014, Mahmood, 2015). Under physiological conditions, the normal pituitary
gland receives most of its blood supply through the capillary network of superior and inferior
hypophyseal (portal) vessels in the infundibulum (Stanfield, 1960, Gorczyca and Hardy, 1988, Goyal et
al., 2018). Previous study about the neuroprotective effect of hydroxytyrosol on the Rat’s brain tissue
revealed normal brain tissue with normal neuron and blood vessels. Moreover, there is no detectable
changes in tissues of brain compared with the control group, which were also have normal brain
tissues. These results lead to the conclusion that the antioxidant activities and neuroprotective ability of
hydroxytyrosol improves the brain tissues, following acute and subchronic oral administrations of HT
(Tamemi, 2018). Furthermore, the daily administration of 100 mg/kg /BW of HT is safe and has no
toxic effect on rodents. This study agreement with D’ Angelo et al.2001. Administered a single dose of
2 g/kg of body weight in rats and found an absence of toxic effects or macroscopic alterations in tissue
of pituitary.

Figure 4.8.Histopathological section of pituitary gland of control group rat.

Normal histological architecture of pituitary gland. Note the acidophil cells (arrows), basophils cells
(star) and chromophobe cells (triangles).H&E. X400.
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Figure 4.10. Histopathological section of pituitary gland of nanosespension treated group rat.

Normal histological architecture of pituitary gland. Note the acidophil cells (stars), basophils cells
(arrow heads) and chromophobe cells (triangles).H&E. X400.

Figure 4.12. Histopathological section of pituitary gland of hudroytyrosol extract treated group
rat.Normal histological architecture of pituitary gland. Note the acidophil cells (stars), basophils cells
(arrow heads) and chromophobe cells (triangles).BV: Blood vessels. H&E. X400.
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CONCLUSIONS

Hydroxytyrosol (HT) has neuroprotective effect study,hydroxytyrosol and their nanoparticles has not
pathological changes on pituitary gland as well as that HT improves mitochondrial function through
activation of the AMPK pathway in the pituitary gland in rat.

REFERENCE

[1] Akhi, M. T., Ghotaslou, R., Memar, M. Y., Asgharzadeh, M., Varshochi, M., Pirzadeh, T., &
Alizadeh, N.(2017). Frequency of MRSA in diabetic foot infections. International Journal of
Diabetes in Developing Countries,37(1), 58-62.

[2] Al-Zamely, H. A., & Al-Tamemi, Z. S. M. (2018). Role of hydroxytyrosol in ameliorating effects
of high fat diet on male rats CNS. Journal of Pharmaceutical Sciences and Research,10(10),
244

[3] Behzadi, S., Serpooshan, V., Tao, W., Hamaly, M. A., Alkawareek, M. Y., Dreaden, E. C.
&Mahmoudi, M.(2017). Cellular uptake of nanoparticles: journey inside the cell. Chemical
Society Reviews, 46(14), 4218-4244.

[4] D'Angelo, S., Manna, C., Migliardi, V., Mazzoni, O., Morrica, P., Capasso, G. &Zappia, V. (2001).
Pharmacokinetics and metabolism of hydroxytyrosol, a natural antioxidant from olive oil. Drug
metabolism and disposition,29(11), 1492-1498.

[5] Gaonkar, R. H., Ganguly, S., Dewanjee, S., Sinha, S., Gupta, A., Ganguly, S. & Debnath, M. C.
(2017). Garcinol loaded vitamin E TPGS emulsified PLGA nanoparticles: preparation,
physicochemical characterization, in vitro and in vivo studies. Scientific reports,7(1), 1-14.

[6] Gaonkar, R. H., Ganguly, S., Dewanjee, S., Sinha, S., Gupta, A., Ganguly, S. & Debnath, M. C
.(2017).Garcinol loaded vitamin E TPGS emulsified PLGA nanoparticles: preparation,
physicochemical characterization, in vitro and in vivo studies. Scientific reports, 7(1), 1-14.

[7] Gorczyca, W., & Hardy, J.(1988). Microadenomas of the human pituitary and their
vascularization. Neurosurgery,22(1), 1-6.

[8] Goyal, A., Gupta, U., Kandasamy, D., &Khadgawat, R.(2008). Severe Hypercortisolism with
Hypokalemic alkalosis mimicking ectopic Cushing syndrome in a patient with Cushing disease
due to pituitary microadenoma. Indian journal of endocrinology and metabolism,22(6), 860.

[9] Gustafson, H. H., Holt-Casper, D., Grainger, D. W., &Ghandehari, H.(2015). Nanoparticle uptake:
the phagocyte problem. Nano today,10(4), 487-510.

[10] llhan, F., &Kalkanli, S. T. (2015). Atherosclerosis and the role of immune cells. World Journal of
Clinical Cases: WJCC,3(4), 345

[11] Jasim, W. M. A. (2019). Comparative Study between Traditional and Innovative Medical School
Students Perceptions and attitude Regarding the Effectiveness of Patient Safety in Medical
Education. Indian Journal of Forensic Medicine & Toxicology,13(4).

[12] JASIM, Adnan Mansour.(2021). Characterization and Synthesis of Selenium-TPGS Nanoparticles
for Target Delivery Clove to Minimize Cytogenic and Liver Damage Induced in Adult Male
Rats. Nano Biomed. Eng, , 13.2: 127-136.

[13] JASIM, Adnan M.; HASAN, Huda F.; AWADY, Mohammed J.(2019). Preparation of VVorapaxar
loaded with Vitamin E TPGS and PVA emulsified PLGA nanoparticles In vitro studies.
Research Journal of Pharmacy and Technology, 12.9: 4503-4510.

[14] JASIM, A. M.; DIRWAL, A. R.; AL-YASSRI, A. M. R.(2019). Role of zontivity loaded by
PLGA coated by TPGS in ameliorating induced cardiovascular and pulmonary disorder in adult
male. East African Medical Journal, 96.6.

[15] Madani, F., Esnaashari, S. S., Mujokoro, B., Dorkoosh, F., Khosravani, M., &Adabi, M.(2018).
Investigation of effective parameters on size of paclitaxel loaded PLGA nanoparticles. Advanced
pharmaceutical bulletin. 8(1), 77.

[16] Mahmood, H. B.(2015). Histological study of pars tuberalis of the pituitary gland of rats in
Irag. journal of kerbala university,13(1).

http://annalsofrscb.ro 7648



Annals of R.S.C.B., ISSN:1583-6258, Vol. 25, Issue 6, 2021, Pages. 7642 - 7649
Received 25 April 2021; Accepted 08 May 2021.

[17] Martinez-Castafion, G. A., Nino-Martinez, N., Martinez-Gutierrez, F., Martinez-Mendoza, J. R., &
Ruiz, F. (2008). Synthesis and antibacterial activity of silver nanoparticles with different
sizes. Journal of nanoparticle research, 10(8), 1343-1348.

[18] McCall, R. L., &Sirianni, R. W. (2013). PLGA nanoparticles formed by single-or double-emulsion
with vitamin E-TPGS. Journal of visualized experiments,JoVE, (82).

[19] Mohanraj, V. J., & Chen, Y.(2006). Nanoparticles-a review. Tropical journal of pharmaceutical
research,5(1), 561-573

[20]. Mundargi, R. C., Babu, V. R., Rangaswamy, V., Patel, P., &Aminabhavi, T. M.(2008).
Nano/micro technologies for delivering macromolecular therapeutics using poly (D, L-lactide-
co-glycolide) and its derivatives. Journal of Controlled Release,125(3), 193-209.

[21] Pozzi, D., Colapicchioni, V., Caracciolo, G., Piovesana, S., Capriotti, A. L., Palchetti, S., ...
&Lagana, A. (2014). Effect of polyethyleneglycol (PEG) chain length on the bio—nano-
interactions between PEGylated lipid nanoparticles and biological fluids: from nanostructure to
uptake in cancer cells. Nanoscale, 6(5), 2782-2792.

[22] Rafiei, P., & Haddadi, A. (2017). Docetaxel-loaded PLGA and PLGA-PEG nanoparticles for
intravenous application: pharmacokinetics and biodistribution profile. International journal of
nanomedicine.,12, 935.

[23] Rubio-Senent, F., Rodriguez-Gutierrez, G., Lama-Mufioz, A., & Fernandez-Bolaifios, J. (2012).
New phenolic compounds hydrothermally extracted from the olive oil byproduct alperujo and
their antioxidative activities. Journal of agricultural and food chemistry,60(5), 1175-1186.

[24] Schaffer, S., Podstawa, M., Visioli, F., Bogani, P., Muller, W. E., & Eckert, G. P.(2007).
Hydroxytyrosol-rich olive mill wastewater extract protects brain cells in vitro and ex
vivo. Journal of agricultural and food chemistry,55(13), 5043-5049.

[25] Song, H., Rioux, R. M., Hoefelmeyer, J. D., Komor, R., Niesz, K., Grass, M. &Somorjai, G. A.
(2006). Hydrothermal growth of mesoporous SBA-2 silica in the presence of PVP-stabilized Pt
nanoparticles: synthesis, characterization, and catalytic properties. Journal of the American
Chemical Society,128(9), 3027-3037.

[26] Stanfield, J. P. (1960). The blood supply of the human pituitary gland. Journal of anatomy,94(Pt
2), 257.

[27] Vilaplana-Pérez, C., Aufién, D., Garcia-Flores, L. A., & Gil-lzquierdo, A.(2007).Hydroxytyrosol
and potential uses in cardiovascular diseases, cancer, and AIDS. Frontiers in nutrition, ; 1, 18.

[28] Yalcin, T. E., llbasmis-Tamer, S., &Takka, S. (2020).Antitumor activity of gemcitabine
hydrochloride loaded lipid polymer hybrid nanoparticles (LPHNSs): in vitro and in
vivo. International journal of pharmaceutics,580, 119246.

[29] Zhang, H., Freitas, D., Kim, H. S., Fabijanic, K., Li, Z., Chen, H. &Lyden, D.(2018).Identification
of distinct nanoparticles and subsets of extracellular vesicles by asymmetric flow field-flow
fractionation. Nature cell biology, 20(3), 332-343.

[30] Zhang, Z., & Feng, S. S. (2006). The drug encapsulation efficiency, in vitro drug release, cellular
uptake and cytotoxicity of paclitaxel-loaded poly (lactide)-tocopheryl polyethylene glycol
succinate nanoparticles. Biomaterials,27(21), 4025-4033.

http://annalsofrscb.ro 7649



