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Abstract

Background: The eye is one of the most important sensory systems in the body because of
how important and relevant it is, and it is essential for communication between animals and
their environment. The size of the optic nerve is thought to be closely correlated with activity
pattern and is crucial for the transmission of messages between the retina and the brain.
Objective: a falcon has high-resolution vision and could fly for long-distance and capture its
prey quickly and accurately, so we need to detect nature of retina and optic nerve of a falcon.
materials and methods: We gathered adult, healthy falcons (Falco columbarius) from Iraq, and
using Periodic Acid-Schiff Reagent and hematoxylin and eosin stains and to prepare
histological section also used ocular lens to measure thickness of retina and optic nerve.
results: histological: by using H&E stain retina of falcon consist of ten layers as other birds but
there are some little different in composition of these layers. optic nerve consists of ganglionic
cell axons in the retina and are made up of a number of fascicles or bundles that are
connected by vascular connective tissue septa; and by using PAS to detect glycogen in layers
of retina , not all these layers contain glycogen just only two layers. in optic nerve have been
founded glycogen in cells among fascicles of optic nerve. and have differences in diameter of
both retina and optic nerve. Conclusions: retina and optic nerve are similar to another birds
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with some differences in its thickness and content of glycogen.
Keywords: falcon, retina, optic nerve, H&E, PAS, glycogen

1. Introduction

One of the body's most vital sensory systems, the
eye is crucial for communication between animals
and their environment [1].

Fish, amphibians, reptiles, birds, and mammals have
more complex eyes than invertebrates because they
use them to provide extremely sensitive vision,
which makes invertebrates' eyes simpler to structure
because they function to distinguish between the
environment whether it is illuminated or dark [2].
Avian species have evolved very sensitive visual
systems that are adapted to their living
environments during more than a hundred million
years of development [3]. They are more adept than
mammals at detecting tiny moving objects and
identifying targets in low-light conditions. For
instance, raptors flying thousands of meters in the
air may quickly spot tiny birds [5] and prey moving
quickly on the ground [4].

Bharti (2010) displayed that the position of the eye
in the head affects vision. When the eyes are
located in the face area on the front of the head
sides, they give monocular vision, as they give a
three-dimensional image as in humans, but when
the eyes are located on both sides of the head,
each eye sees the visual field facing it, giving
binocular vision, as in some fishes [6].

When the eyes are located on both sides of the
head, each eye sees the visual field facing it, giving
binocular vision, as seen in several fishes, reptiles,
amphibians, birds, and mammals [6],[7].

doi.org/10.31838/hiv23.02.69

All birds have similar eyes in terms of fundamental
makeup, but there are a few variations that reflect
their environmental demands [8].

A variety of factors affect how sensitive raptor eyes
are in their absolute state. The ability to see well in
low light is diminished in diurnal species,
particularly accipitriforms and falconiforms, due to
high temporal and spatial resolution, the filtering
properties of cone oil droplets, low rod densities,
and the absence of double cones and rods in the
fovea [9].

In 2009; Hall et al. displayed that the optic nerve in
vertebrates is the only way for vision information
from the RGCs to reach the brain. [10].

The optic nerve is made up of several components,
the most important of which are myelinated nerve
fibers, also known as axons (white matter). The optic
nerve's axons are extensions of the retinal ganglion
cells, whose unmyelinated axons make up much of
the neural retina's nerve fiber layer. The axons, or
"nerve fibers," make a sharp bend and enter the
optic disc, There they continue as a succession of
fascicles or bundles that are separated from one
another by septa made of vascular connective tissue
and helical columns of glial cells (astrocytes). [11].
The optic nerve, the second of twelve pairs of
cranial nerves, really belongs to the CNS rather than
the PNS since it develops from an outgrowth of the
diencephalon (optic stalks) during embryonic
development. As a result, rather than the peripheral
nervous system's Schwann cells, the optic nerve
fibers are encased within the meninges and
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myelinated by oligodendrocytes [12].
2. Material and Methods

The birds were anesthetized with chloroform, the
eye was removed from orbit with taking a part of
the optic nerve, than washed with a physiological
solution, and moved to a petri dish with filter paper
in a physiological solution [13].

According to Al-Attar et al. (1982) [14] the slides
were prepared, by using Hematoxylin and Eosin
(H&E) Stain [15] [16] and by using Periodic Acid-
Schiff Reagent (PAS) [17] [18]. The method of
employed to prepare this stain through using
Periodic Acid solution and Schiff reagent solution.
Have been prepared Harris' Hematoxylin Stain as a
following : 10 cc of 100% ethanol were used to
dissolve one gram of hematoxylin powder.
Hematoxylin was dissolved in 200 ml of distilled
water, 20 grams of potassium alum (KAl
(S04)2.12H20) was added, and the mixture was
then boiled for 2 minutes. Mercuric oxide, 0.5
grams, added to the mixture. quickly cooled and 5
cc of glacial acetic acid were added. Before used,
filter the solution. Alcoholic Eosin stain is made by
combining 1 g of eosin powder with 100 ml of 70%
ethyl alcohol, mixing, and adding a few drops of
glacial acetic acid [15].

To prepare Periodic Acid solution add 1 gm
Periodic acid to 200 ml distilled water. While
prepare Schiff reagent solution add 1 gm of carbol
fuschin to 200 ml of boiling distilled water and leave
the solution to cool until reach 50°-60°C. then add
20 ml of TN HCI at room temperature and add the
activated charcoal. The prepared solution should
keep in dark container or bottle and place over-
night and filtered before using [17].

Fixation: After dissection of the optic nerve and
retina, the specimen was placed in labeled tubes
filled with aqueous formaldehyde. Dehydration: For
30 minutes, the specimens were submerged in
increasing concentrations of ethanol (70, 80, 90, 96,
and 96%). Clearing: For three times as long, the
dehydrated specimens were cleared with xylene.
the cleared specimens were infiltrated with pure
paraffin (60 o C melting points) in the oven for 30
minutes three times, after which the specimens
were embedded with paraffin by "L"-shaped
templates for making labeled blocks, trimming, and
sectioning: the blocked specimens were then cut
with a sharp scalpel, brought out to a water bath at
50 o C for flattening, and put on microscopic slides
coated with a thin layer of Mayer's albumin.,
Staining: Paraffin sections were used for the
histological study; hematoxylin and eosin (H&E)
were used to diagnose the histological
architectures, and periodic acid Schiff (PAS) was
used for the study of histochemistry. Mounting: The
prepared microscopic slides were mounted with
Dextrin plastisyzer xylene (D.P.X. ), and they were
then placed on the hot plate at 37°-40°C.

Ethical approval: The study was conducted in
accordance with the ethical principles that have
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their origin in the Declaration of Helsinki. It was
carried out with patients verbal and analytical
approval before sample was taken. The study
protocol and the subject information and consent
form were reviewed and approved by a local ethics
committee according to the document number
7/27/7261 IN 16/10/2022 to get this approval.

3. Results

Histological study
Eye

The following 10 layers of the retina were identified in
a longitudinal segment after being stained with H&E
stain, in order of proximity to the vitreous body:
External limiting membrane, photoreceptors layer,
retinal pigment epithelium, inner plexiform layer, inner
nuclear layer, retinal ganglion cells layer, nerve fiber
layer, and inner nuclear layer. (Fig. 1).

Optic nerve

The results of H&E staining revealed that the
longitudinal section of optic nerve consists of
ganglionic cell axons in the retina. It has various
properties that distinguish it from other nerves. The
axons are made up of a number of fascicles or
bundles that are connected by vascular connective
tissue septa. A falcon optic nerve was thick and
have a high number of fibroblast (Fig. 2).

Eye

The results revealed different pattern in distribution
of glycogen in retinal layer. a falcon has high
content of glycogen in outer segment of rods and
cones and in external limiting membrane (Fig. 3).
Optic nerve :

Longitudinal sections staining by PAS showed optic
nerve in a falcon had glycogen in astrocyte and in
microglia (Fig. 4).

Morphometric Study

The result of retinal thickness in a falcon was (195.5
+ 1.509 pm) while

optic nerve diameter of was (271* 0.210 pm) with
significant differences.

Flgure (1): nght photomlcrograph of retinal layers. . of
falcon, There are ten layers (from inside to outside) ILM:
Inner limiting membrane, NFL: Nerve fiber
layer, RGCsL: Retinal ganglion cells layer, IPL: Inner
plexiform layer, INL: Inner nuclear layer, OPL: Outer
plexiform layer, ONL: Outer nuclear layer, ELM:
External limiting membrane, PRL: Photoreceptors layer,
RPE: Retinal pigment epithelium. H&E, 40X.
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Figure (2): Longitudinal section of optic nerve of a

falcon, showed high density of fascicles (A) and
fibroblast (B) (blue arrow).H&E, 40X.

Figure (3): Longitudinal section of retina of falcon,
explain distributed and high density of glycogen (blue
arrow). PAS stain, 40X.
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Figure (4): Longitudinal section of optic nerve of a
falcon, explain distributed and density of glycogen in

astrocyte (blue arrow) and microglia (orange arrow).
PAS stain, 40X.
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4. Discussion

First layer is Inner limiting membrane ILM:
Basement membrane separate retina from vitreous
body, this layer was definer and dense [19]. The
inner limiting membrane and the nerve fiber layer
(NFI) are separated by a thin layer of Miiller cell
footplates, which formed the second layer and was
defined by the axons of the ganglion cell
bodies[20]. RGCs in the third layer of the retinal
contain the nucleus of ganglion cells, whose axons
develop into the fibers of the optic nerve [21]. The
results of the present study in agreement with that
obtained by El-Beltagy (2015) [19] and Alivisatos et
al. (2017) [20] who discovered that the ganglion
layer, which lies between the inner plexiform layer
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and the nerve fiber layer, is made up of ganglion
cells. There are synapses between the axons of
bipolar cells and the dendrites of ganglion and
amacrine cells in the inner plexiform layer (IPL).
Masland agreed with the outcome (2012) [22] that
describe dendrites of retinal ganglion cells (RGCs)
receive synaptic input from bipolar and amacrine
cells in the inner plexiform layer during normal
visual processing. This data is combined,
processed, and transmitted to visual areas in the
brain through RGC axons in the optic nerve and this
is fourth layer.

Inner nuclear layer INL: it contains nuclei and cell
bodies of amacrine cells, bipolar cells, and
horizontal cells are found here, it was density, Our
result was collaborated with El-Beltagy (2015) [19]
whom found the inner nuclear layer lie between
inner plexiform layer and outer plexiform layer this
is fifth layer.

Outer plexiform layer OPL: This is a thin layer that
makes synapses between dendrites of bipolar cells
and horizontal cells and between photoreceptors
(rod and cone) and bipolar cells This result was
coinciding with result of present study [23]. atomic
outermost layer Cell bodies (rods and cones) made
up this layer, which was moderately dense. A layer
that divides the photoreceptors' inner segment
regions from their cell nuclei is known as the
external limiting membrane (ELM). The outer
nuclear layer (ONL) has two different types of
photoreceptor nuclei as a consequence of the
current investigation [20]. Diurnal animals can have
great acuity because of the large eyes of raptors
[24]. Rod and cone inner and outer segments make
up the photoreceptor layer (PRL). There is a very
sophisticated light-sensing device inside the outer
segments. As a result, rod and cone PRL are
present in birds [25]. Rods make up less than 20%
of photoreceptors in the retina of some diurnal
species [26]. The retinal pigment epithelium is
composed of a single layer of cuboidal epithelial
cells (RPE). For clear vision, the black pigment
melanin in the pigment layer blocks light reflection
across the globe of the eyeball. The neural retina is
supported and fed by this layer, which is the closest
to the choroid. resembled our discovery in that it
was made up of a single sheet of low cuboidal
epithelial cells with nuclei in the center. Bruch's
membrane connects this layer to the choroid [19].
Like our results, the optic nerve is a bundle of nerve
fibers that transmit messages from the eye to the
brain's relevant areas and vice versa [27].

As the axons of retinal ganglion cells, optic nerve
fibers can convey information about an animal's
visual acuity and sensitivity capabilities. Most avians
do not have consistent optic nerve fiber counts [28].
Unmyelinated axons make up a large portion of the
nerve fiber layer of the neural retina. The axons,
also known as "nerve fibers," make a severe bend
as they enter the optic disc, where they split into
fascicles or bundles to create the optic nerve, which
is divided by helical columns of glial cells
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(astrocytes) and septa made of vascular connective
tissue [11]. We thought the falcon and owl's optic
nerves were similar to other vertebrates except in a
number of a bundle of nerves and types of cells.
Glycogen levels in the retina fluctuate when glucose
levels in the medium change [29], [30]. Another
research demonstrates the existence of glycogen
deposits in rods, and a further peculiar
characteristic seen inside the inner segments of the
photoreceptors of the booted eagle is the
accessory member of the double cones [31].
Depending on our findings, we thought that the
distribution of glycogen depending on how much
the retina of falcon was used glycogen, because of
Glutamate was activated at night more than day.
This model had the benefit of being devoid of
synapses and neurotransmitters, as it was made up
of cable-like myelinated axons, astrocytes, and
oligodendrocytes [32]. At the optic nerve, there was
a lot of glycogen activity. According to glycogen's
properties, it exhibits a bright red purple color of
activity in both endothelium and basal lamina
regions of capillaries [33].

Glycogen, which is found in the astrocytes of the
optic nerve, was discovered to be the energy store
[34]. Furthermore, axon conduction may be
observed in real time, allowing the role of critical
chemicals to be examined by careful addition or
removal of energy substrates and other compounds
in CSF that super fuses the tissue [35].

Birds' retinal layers are similar to those of other
vertebrates; however there are some differences in
morphology, visual acuity, and retinal
vascularization. Furthermore, differences between
diurnal and nocturnal birds are seen as a result of
the interaction between environment, visual
perception, and behavior. The spatial resolution of
vision is determined by the size of the retinal image
and the number of image points transmitted from
the retina to the brain through the optic nerve [36].
Other studies have been done on other retina’s
birds like owl, duck and pigeon that refer to
different arranged thickness of retina [37] [38]. Also
another studies have been showed arranged
thickness of retina depending on thickness of its
layers [39] [40] [41] [42].

In vertebrates, the optic nerve is the only method
for vision information from the ganglion cell layer of
the retina to go to the brain. It is thought that the
size of the optic nerve is highly connected with
activity pattern and that the size of the optic
foramen in many birds is equivalent to the size of
the optic nerve. Because retinal pooling differs
between nocturnal and diurnal species, nocturnal
animals should have smaller optic foramina than
nocturnal species. Retinal ganglion cell axons make
up a large percentage of the optic nerve, which
passes via the optic foramen [10].The spatial
resolution ("sharpness") of vision is determined by
the size of the retinal picture and the quantity of
image points transmitted from the retina through
the optic nerve to the brain [36].
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5. Conclusions

Histological study results with hematoxylin and
eosin showed that retina consists of 10 layers in a
falcon. optic nerve of falcon consist of the retina's
ganglionic cell axons which are divided into many
fascicles or bundles and are joined by septa of
vascular connective tissue. Histochemical study,
PAS results showed in retina of falcon, there was
high content of glycogen in outer segment of rods
and external limiting membrane while in optic nerve
the glycogen found in astrocyte and microglia.
Morphometric  study showed differences in
diameter of optic nerve and retina diameter.

Reference

Moore, B.A., Tyrrell, L. P., Kamilar, J. M, Collin, S.
P. Dominy, M. I., Hall, N. J., Heesy, C. P., Lisney, T.
J., Loew, E. R ., Moritz, G. L., Nava, S. S., Warrant,
E., Yopak, K. E. and Fernandez-Juricic, E. "Structure
and function of regional specializations in the
vertebrate retina". In: Kaas, J. (ed.), Evolution of
Nervous Systems 2ed. 2017 pp. 351-372.
Al-Sakgaid, M. " Birds Do you see things as we see"
journal of Harra. 2016; 2: 57. (in Arabic).

Herrnstein, R. J. and Loveland, D. H. Complex visual
concept in the pigeon. Sci. 1964;146:549-550.
Fernandez-Juricic, E. Sensory basis of vigilance
behavior in  birds: synthesis and future
prospects. Behav. Proc. 2012;89:143-152.
Vorobyev ,M. Coloured oil droplets enhance colour
discriminationProc. R. Soc. Lond. B. 2003;270
(1521):1255-1261.

Bharti, K. , Miller, S. and Arnheite, H. "The new
paradigm: retinal pigment epithelium cells
generated from embryonic or induced pluripotent
stem cells". Pig. Cell Mela. Res. 2010; 24(1): 21-34.
Saadatlou, M. A. E. and R. Shahrouz.
Histoanatomical study of the lens and ciliary body in
ostrich eye. Veter.Res. Fo. 2016,7( 3):221 - 226.
Olsson, P. Color vision in birds: comparing
behavioural thresholds and model predictions
Lund" Doctoral dissertation Lund University, Faculty
of Science, Department of Biology. 2016.

Martin, G.R. Absolute visual threshold and scotopic
spectral sensitivity in the tawny owl Strix aluco, Nat.
1977, 268 :636-638.

Hall, A.l., Iwaniuk, A.N. and Ibafiez, C.G. Optic
foramen morphology and activity pattern in birds.
The Anat. Re. Ad. Int. Ana. and Evo. Bio.
2009; 292(11):1827-45.

Myron, M.D., Joseph, W. and Sassani, M.H.A.
Ocular pathology 7% edition. 2015.

Smith, A.M. and Czyz, C.N. Neuroanatomy, cranial
nerve 2. Optic.2021.

Taha, AM. and Hamid, H.H. Comparative
anatomical study of the eye in three different birds.
Int. J. Sci. Res. in Bio. Sci. 2020;7(1).

Al-Attar, A.A. , Al-Allaf, S.M. and Al-Mukhtar, KA.
Microscopic Preparations. Min. of Hig. Edu. and Sci.
Research, Iraq.1982 (In Arabic).


https://royalsocietypublishing.org/author/Vorobyev%2C+M

HIV Nursing 2023; 23(2): 412-416

Kiernan, J.A. Histological and histochemical
methods, 3rd ed. Butterworth Heinemann,
Oxf..1999.

Bhunia, C,, Chatterjee,S., Kundu, D.

and Bhattacherjee, S. Comparative Evaluation of
Cell Block Histopathology and Conventional Smear
Cytology in FNAC of Clinically Suspected Cervical
Lymph Node Malignancy. Medical Journal of
Babylon,2022;19(1): 94-98.

Suvarna, K.S., Layton, C. and Bancroft, J.D.
Bancroft's theory and practice of histological
techniques, 8th Els. 2019.

Dawood, |.S. and Hussein, S.A. JuporiArteriopathy
by doppler ultrasound study and neuropathy by
electromyography and nerve conduction study in
diabetic  foot Year, Medical Journal of
Babylon,2020;17(2): 215-220.

El-Beltagy, A.E.F.B. Light and electron microscopic
studies on the pigmented epithelium and
photoreceptors of the retina of common buzzard
(Buteo buteo). T. Cell . 2015;47(1):78-85.

Alivisatos, A.P., Chun, M. ,Church, G.M,,
Greenspan, R.J., Roukes, M.L., Alix, B., Segovia,Y.
and Garcia,M. The structure of the retina of the
Eurasian Eagle-ow! and its relation to lifestyle. Av.
Bio. Res. 2017;10 (1): 36-44.

Kim, S., Kang, S., Susanti, L. and Seo, k. Assessment
of the pigeon (Columba livia) retina with spectral
domain optical coherence tomography. J. Vet. Sci.
2021;22(5):e65.

Masland, R.H. The Neuronal Organization of the
Retina. Neur. 76, Elsevier Inc. 2012.

Lépez-Lépez, R. Lépez-Gallardo, M. Pérez-

Alvarez, M.J. and Prada, C. Isolation of chick retina
cones and study of their diversity based on oil
droplet colour and nucleus position. Cell Ti. Res.
2008; 332 : 13-24.

Potier, S., Mitkus, M., and Kelber, A. Visual
adaptations of diunal and nocturnal raptors.
Seminars in Cell and Develop. Bio.2020;106: 116-
126.

Corfield, J. R., Gsell, A. C., Brunton, D., Heesy, C.
P., Hall, M. I.; Acosta, M. L., lwaniuk, A. N. and
Warrant, E. J. Anatomical specializations for
nocturnality in a critically endangered parrot, the
kakapo (Strigops habroptilus). PLo. S. ONE. 2011;
6(8).

Waldvogel, J.A. The bird’s eye view. Am. Sci.
1990,78:342-353.

Sinclair, S. How animals see: other visions of our
world. Beckenham, Kent: Croom Helm.1985.
Perkins, A.P., Grady, S.M., Walters, L.M., Suchocki,
L. and Hall, M.Il. Comparative histological methods
for counting optic nerve fibers of the great horned
owl, Bubo virginianus. Exp. Bio. 2009; (23):10.
Coffe, V., Carbajal, R.C. and Salceda, R. Glycogen
metabolism in the rat retina. J. Neu. 2004;88:885-
890.

Osorio-Paz, 1., Sanchez-Chavez, G. and Salceda,
R.Control of glycogen content in retina: allosteric
regulation of glycogen synthase. PLoS. One. 2012;
7(2): €30822.

Histological Study of Falcon's Retina Eye and Opitic....

Montoyo, Y. G., Garcia, M., and Segovia, Y. Light
and electron microscopic studies on the retina of
the booted eagle (Aquila pennata). Zoomor.
2017;137(1), 177-190.

Ransom, B. R., Stys, P. K., and Waxman, S. G. The
pathophysiology of anoxic injury in central nervous
system white matter. Str.1990;21: 52-57.

Mishra,P. and Meshram, B. Gross,
histomorphological, histochemical and
ultrastructural studies of pecten oculi in guinea Fowl
(Numida Meleagris)._Arch. of Zoo. Stu.2019.
Wender, R., Brown, A. M., Fern, R., Swanson, R. A,,
Farrell, K., and Ransom, B. R. Astrocytic glycogen
influences axon function and survival during glucose
deprivation in central white matter. J. Neurosci.
2000;20: 6804-6810.

Brown, A. M., Wender, R., and Ransom, B. R.
Metabolic substrates other than glucose support
axon function in central white matter. J. Neur. Res.
2001 ;66: 839-843.

Bringmann, A. Structure and function of the bird
fovea. Ana. Histo. Emb. 2019;48(3), 177-200.
Lisney, T. J., lwaniuk, A. N., Bandet, M. V., and
Wylie, D. R. Eye shape and retinal topography and
retinal topography in owls (Aves: Strigiformes). Br.
Beh. and Evo. 2012;79(4), 218-236.

Mohammed A. A. HISTOLOGICAL AND
HISTOMORPHOMETRIC STUDY OF RETINA IN
PIGEON AND DUCK
Bas.J.Vet.Res.Vol.15,No.2,2016.

Rojas, L.M., Ramirez, Y., McNeil, R., Mitchell, M.
and Marin, G. Retinal morphology and
electrophysiology of two caprimulgiformes birds:
the caveliving and nocturnal oilbird (Steatornis
caripensis), and the crepuscularly and nocturnally
foraging ~ common  pauraque  (Nyctidromus
albicollis). Brain Behav. Evol. 2004;64: 19-33.
Kiama, S.G., Maina, J.N., Bhattacharjee, J. and
Weyrauch, K.D. Functional morphology of the
pecten oculi in the nocturnal spotted eagle owl
(Bubo bubo africanus), and the diurnal black kite
(Milvus migrans) and the domestic fowl (Gallus
gallus domesticus): a comparative study.J Zool.
Lond. 2001,254:521-528.

Narasinga, R. B. and Pramila, P. M . Comparative
qualitative study of layers of retina of nocturnal and
diurnal birds. Res. J. of Phar. Bio. and Che. Scie.
2011, 2(4):189-193.

Cheung, D.W., Wai, M.S. and Yew, D.T. The
diversity of cones in the retina of vertebrates: a
review. OA. Anatomy 2013.

416


https://www.medjbabylon.org/searchresult.asp?search=&author=Chanchal+Bhunia&journal=Y&but_search=Search&entries=10&pg=1&s=0
https://www.medjbabylon.org/searchresult.asp?search=&author=Sankha+Chatterjee&journal=Y&but_search=Search&entries=10&pg=1&s=0
https://www.medjbabylon.org/searchresult.asp?search=&author=Dipankar+Kundu&journal=Y&but_search=Search&entries=10&pg=1&s=0
https://www.medjbabylon.org/searchresult.asp?search=&author=Sharmistha+Bhattacherjee&journal=Y&but_search=Search&entries=10&pg=1&s=0
https://www.medjbabylon.org/searchresult.asp?search=&author=Imran+Sulaiman+Dawood&journal=Y&but_search=Search&entries=10&pg=1&s=0
https://www.medjbabylon.org/searchresult.asp?search=&author=Sahar+Abdl+Hussein+Jupori&journal=Y&but_search=Search&entries=10&pg=1&s=0
https://www.medjbabylon.org/searchresult.asp?search=&author=Sahar+Abdl+Hussein+Jupori&journal=Y&but_search=Search&entries=10&pg=1&s=0
https://scholar.google.com/scholar?q=%22author:Alivisatos+AP%22
https://scholar.google.com/scholar?q=%22author:Chun+M%22
https://scholar.google.com/scholar?q=%22author:Church+GM%22
https://scholar.google.com/scholar?q=%22author:Greenspan+RJ%22
https://scholar.google.com/scholar?q=%22author:Roukes+ML%22
https://faseb.onlinelibrary.wiley.com/action/doSearch?ContribAuthorRaw=Perkins%2C+Ashley+Renee
https://faseb.onlinelibrary.wiley.com/action/doSearch?ContribAuthorRaw=Grady%2C+Shauna+M
https://faseb.onlinelibrary.wiley.com/action/doSearch?ContribAuthorRaw=Walters%2C+Linda+M
https://faseb.onlinelibrary.wiley.com/action/doSearch?ContribAuthorRaw=Suchocki%2C+Lawerence
https://faseb.onlinelibrary.wiley.com/action/doSearch?ContribAuthorRaw=Hall%2C+Margaret+I
https://pubmed.ncbi.nlm.nih.gov/?term=Osorio-Paz%20I%5BAuthor%5D
https://pubmed.ncbi.nlm.nih.gov/?term=S%C3%A1nchez-Ch%C3%A1vez%20G%5BAuthor%5D
https://pubmed.ncbi.nlm.nih.gov/?term=Salceda%20R%5BAuthor%5D
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3281881/
https://www.researchgate.net/journal/Research-Journal-of-Pharmaceutical-Biological-and-Chemical-Sciences-0975-8585

