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SUMMARY:
Here, we evaluate the effects of the water extract of Ruta graveolens on vessel network
formation by using a tube formation assay on a gelled basement matrix.

ABSTRACT:

Angiogenesis is a phenomenon that includes different processes, such as endothelial cell
proliferation, differentiation, and migration, that lead to the formation of new blood vessels and
involve several signal transduction pathways. Here we show that the tube formation assay is a
simple in vitro method to evaluate the impact of natural products on angiogenesis and to
investigate the molecular mechanisms involved. In particular, in the presence of the water extract
of Ruta graveolens (RGWE), endothelial cells are no longer able to form a cell-cell network and
that the RGWE effects on human umbilical vein endothelial cell (HUVEC) tube formation is
abolished by the constitutive activation of MEK.

INTRODUCTION:

Angiogenesis is a physiological process that leads to the formation of new blood vessels from
preexisting ones and occurs during embryogenesis and organ growth. In adulthood, angiogenesis
is activated only in the cycling ovary, in the placenta during pregnancy, and during wound healing
and repair. Angiogenesis depends on the ability of endothelial cells to proliferate, differentiate,
and migrate to form an intact vascular network!. However, in several disorders, such as
inflammatory, metabolic, and rheumatic diseases, angiogenic processes are altered and
angiogenesis becomes excessive. Moreover, uncontrolled angiogenic processes also stimulate
tumor progression and metastasis!. For these reasons, in the last decade, research studies are
focused on the development of new therapeutic strategies aimed at the inhibition of excessive
angiogenesis in cancer, ocular, joint, or skin disorders?3,
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Vascular endothelial growth factor (VEGF) represents the main target of current antiangiogenic
therapies?®, and several anti-VEGF monoclonal antibodies have been developed and synthesized
to prevent excessive angiogenesis. However, these synthetic drugs show severe side effects and
have an unfavorable cost-to-benefit ratio>®. Therefore, it is imperative to find new therapeutic
strategies to limit excessive angiogenesis with minimal side effects to complement and combine
with currently used drugs. These new drugs can be found among natural products that are
characterized by a high chemical diversity and biochemical specificity.

In this article, we propose a simple method to evaluate the impact of the RGWE on the ability of
HUVECs to form tubules on a gelled basement matrix in vitro>. Indeed, RGWE is a mixture of
secondary metabolites such as flavonoids and polyphenols among which rutin is the major
component®. Many of them have been already tested as anti-inflammatory and vasoprotective
agents’'1. Moreover, we have recently demonstrated that RGWE, but not rutin, is able to inhibit
the HUVEC ability to form tubules on a gelled basement matrix and that this phenomenon is
mediated by the MEK-ERK pathway, indicating RGWE as a potential therapeutic tool able to
prevent excessive new blood vessel formation.

PROTOCOL:
1. RGWE Preparation

1.1. Collect R. graveolens leaves from plants during the spring/summer months under the
supervision of a botanist.

NOTE: In this case, leaves were collected at the Experimental Section of Medicinal Plants in the
Botanical Garden of Naples, Italy>. The plant is spontaneous, perennial, and is present in the
Mediterranean regions (Figure 1).

1.2. Weigh 250 g of leaves and finely chop them with scissors.
1.3. Put the leaves in a conical flask and add 1 L of distilled water to 250 g of chopped leaves and
bring that to a boil at 110 °C for 60 min. Cover the flask with aluminum foil to avoid excessive

evaporation.

1.4. Use 3 mm-funnel filter paper to separate the boiled leaves from the liquid phase that
represents the water extract.

1.5. Filter the liquid phase through a 0.22 um filter, collecting it in a beaker. Cover the beaker
with parafilm and freeze the extract at -80 °C overnight.

1.6. Make 10 - 15 holes with a needle in the parafilm and lyophilize the extract in a lyophilizer.
Note that it can take a couple of days to obtain the powder.
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1.7. Weigh the powder obtained, divide it into aliquots, and store it at 4 °C until necessary. It is
possible to store it for a year.

1.8. When necessary for the experiments, prepare a stock solution, diluting the powder with
distilled water to a standard concentration of 50 mg/mL. Separate it into small-volume (e.g., 1
mL) aliquots. This preparation can be stored at -20 °C until used but cannot be stored at 4 °C for
more than a couple of days because of the oxidations of the molecules. Avoid freeze and thaw.

2. Cell Culture

2.1. Cultivate HUVECs in endothelial cell growth medium: endothelial basal medium
supplemented with 1 ug/mL hydrocortisone and 1 ng/mL epidermal growth factor, 10% FBS, and
penicillin/streptomycin at 37 °C in an atmosphere of 5% CO..

2.2. When 80% confluent, split the cells at the ratio of 1:3 every passage. Use cells from two to
five passages, that do not show apparent differences in response to growth factors. After the
sixth passage, cells become senescent and do not form tubes on the gelled basement matrix.

3. Transfection
3.1. When the HUVECs are 70% confluent, transfect them with the desired gene.

3.2. For a 100 mm plate, use 1 pg of empty pCDNAS3 vector as control and 1 pug of pCDNA3 vector
containing the gene of interest (constitutively active MEK [caMEK], in this case).

3.3. Complex 1 pug of DNA with 3 L of lipofectamine 2000, diluted with reduced serum medium
(see Table of Materials) to the final volume of 200 pL. Remove the medium from the cells and
replace it with 1 mL of fresh complete medium; then, add the transfecting solution to the cells.
Incubate the cells in the incubator at 37 °C, with 5% CO.. It is possible to also use other
transfection agents different from lipofectamine 2000, following the manufacturer’s instructions.

3.4. Add 7 mL of complete fresh medium 3 h after the transfection and, then, further incubate
the cells at 37 °C for 24 - 48 h before proceeding with the next assays. The day after the
transfection, replace the medium with fresh complete medium.

4. Tube Formation Assay

4.1. Cool a 96-well plate and pipette tips at 4 °C for 1 h before preparing the gelled basement.
4.2. At the moment of the basement preparation, put the plate on ice (0 °C) and add 50 pL of
cold matrix in each well while avoiding the formation of bubbles. Note that the matrix-containing

vial should be kept on ice during the procedure since the matrix becomes solid at room
temperature.
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4.3. Put the plate in the incubator at 37 °C with 5% CO; for at least 30 min to allow the basement
to polymerize.

4.4, In the meantime, harvest the cells. Wash the HUVECs with 1 mL of a 0.25% trypsin/0.53 mM
EDTA solution; then, add 2 mL of the trypsin-EDTA solution and incubate at 37 °C for 5 min.
Observe the cells under an inverted microscope to verify that the cell layer is completely
dispersed. Then, collect the medium in which the cells are suspended and harvest the detached
cells by centrifugation at 264 x g for 3 min. Resuspend them in 1 mL of phosphate-buffered saline
(PBS).

4.5. To count the cells, add 0.2 mL of the cell suspension to 0.5 mL of PBS and 0.3 mL of 0.4%
trypan blue solution. After 5 min at room temperature, count the cells in a Blirker chamber.

4.6. Resuspend the cells in complete medium at the concentration of 2 x 10* cells/50 pL. Seed
them onto the gelled basement at the concentration of 2 x 10* cells per well and let them settle
onit.

4.7. Pay attention to the number of the cells. Too many or too few cells may not form tubes in
the right way on the gelled basement.

4.8. Prepare increasing doses of RGWE (0.01, 0.1, and 1 mg/mL), diluting the stock solution in
culture medium or rutin (12, 120, and 300 pg/mL), all in the final volume of 50 pL/well, and add
them to 50 uL/well of cell suspension. The final volume in each well will be 100 uL. Prepare four
to six wells for each experimental condition. As a control, dilute distilled water (vehicle) in the
culture medium at a ratio of 1:50.

4.9. Incubate the cells in the incubator at 37 °C and 5% CO; for a time ranging from 6 to 24 h.

4.10. Observe the cells within a time range spanning from 6 to 24 h after seeding, using a phase-
contrast microscope at a magnification of 10X. HUVECs are able to form tube-like structures
within 6 h but it is possible to observe better results after 12 - 18 h. Photograph the tube-like
structures on each well and image an average from three to five random fields in each well.

4.11. After the image acquisition, the cells can be detached from the basement matrix and
counted to evaluate the effect of the treatment on the number of cells. For each well, remove
the medium, add dispase at a concentration of 24 U/mL, and put the plate at 37 °C for 1 h. Then,
from each well, collect the medium in which the cells are suspended and harvest the detached
cells by centrifugation at 264 x g for 3 min. Resuspend them in 0.2 mL of PBS. To count the cells,
add 0.2 mL of cell suspension to 0.5 mL of PBS and 0.3 mL of 0.4% trypan blue solution. After 5
min at room temperature, count the cells in the Biirker chamber.

4.12. To quantify the results of the tube formation assay, it is possible to count the number of
branch points in which at least three tubes join. Using the appropriate image software, count for
each field in each micrograph the number of branch points and calculate the mean + the standard
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error (SE) for each experimental condition. Use a two-tailed t-test to evaluate statistical
significance.

REPRESENTATIVE RESULTS:

To evaluate the influence of RGWE on angiogenesis, we carried out a tube formation assay on a
gelled basement matrix. When cultivated on it, HUVECs form tube-like structures that originate
from cells that appear elongated and that connect each other to form a cell-cell network (Figure
2). In Figure 3, we show that the number of branches in HUVECs treated with RGWE was
significantly lower as compared to the control conditions. Notably, in the presence of 0.1 mg/mL
and 1 mg/mL RGWE, the number of the branches are lower by 40% and 60%, respectively,
compared to the control condition. Since rutin has been indicated as the major component of
RGWE?>, we analyzed its effect on HUVEC tube-formation assay. As shown in Figure 4, rutin alone
is not able to affect the HUVECs’ ability to form a cell-cell network. Then, we used the tube
formation assay to investigate the molecular mechanisms underlying the RGWE-induced
inhibition of tube formation. The MEK/ERK intracellular signaling pathway exerts a pivotal role in
angiogenic processes. HUVECs transfected by caMEK were treated with RGWE and cultivated on
gelled basement matrix. As shown in Figure 5, in caMEK-transfected endothelial cells, RGWE no
longer inhibits tube formation, while mock-transfected cells, used as control, still form a cell-cell
network on the gelled basement matrix and are responsive to RGWE, thus indicating that the
RGWE’s effect in angiogenesis is mediated by the MEK-ERK pathway.

FIGURE AND TABLE LEGENDS:
Figure 1: Ruta graveolens. A Ruta graveolens shrub.

Figure 2: HUVECs form tube-like structures on a gelled basement matrix. Representative
microscopic photographs of HUVECs cultured in polystyrene dish (left) and on gelled basement
matrix (right). The scale bar is 10 um.

Figure 3: RGWE inhibits tube formation in HUVECs. (A) High-power microscopic photographs of
HUVECs cultured on a gelled basement matrix treated with RGWE (0, 0.01, 0.1, and 1.0 mg/mlL).
The scale bar is 10 um. (B) The percentage of the HUVEC branch point (dark gray) in the presence
of RGWE (0.01, 0.1, and 1.0 mg/mL) compared to untreated cells (0 mg/mL) and the trypan blue
exclusion test (light gray) on HUVECs treated (0.01, 0.1, and 1 mg/mL) or not (0 mg/mL) with
RGWE for 24 h. *p < 0.01 vs. the control condition (0 mg/mL). The results are expressed as the
mean * the SE of three independent experiments. The statistical significance was obtained by a
two-tailed t-test.

Figure 4: Rutin does not affect HUVEC tube formation. (A) High-power microscopic photographs
of HUVECs seeded on a gelled basement matrix and treated (12, 120, and 300 ug/mL) or not (0
ug/mL) with rutin for 24 h. The scale bar is 10 um. (B) The percentage of HUVEC branch point
(dark gray) in the presence of increasing doses of rutin (12, 120, and 300 p/mL) compared to
control conditions (0 pug/mL) and the trypan blue exclusion test (light gray) on HUVECs treated
(12, 120, and 300 pu/mL) or not (0 pg/mL) with rutin for 24 h. The results are expressed as the
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mean * the SE of three independent experiments. Statistical significance was obtained by a two-
tailed t-test.

Figure 5: MEK pathway mediates RGWE effects on HUVEC tube formation. (A) High-power
microscopic photographs of HUVECs transfected with empty vector (mock transfection) or with
caMEK, seeded on the gelled basement matrix and treated with increasing doses of RGWE (0,
0.01, 0.1, and 1 mg/mL). The scale bar is 10 um. (B) The percentage of the number of branch
points in HUVECs mock-transfected (dark gray) and in HUVECs transfected with caMEK (light gray)
and treated with increasing doses of RGWE (0.01, 0.1, and 1 mg/mL) compared to control
conditions (0 mg/mL). *p < 0.01 vs. the control condition; $p < 0.05 vs. cells transfected with the
empty vector and treated with the same amount of RGWE. The results are expressed as the mean
+ the SE of three independent experiments. The statistical significance was obtained by a two-
tailed t-test.

DISCUSSION:

Natural compounds are characterized by a high chemical diversity and biochemical specificity and
represent a source of potentially therapeutic molecules. Here, we show how to obtain water
extract from the plant R. graveolens and propose the tube formation assay as an easy-to-
perform, reliable, and quantitative method useful to investigate RGWE’s effects on angiogenesis.
It is important to boil the R. graveolens leaves for 1 h to be sure to obtain the complete water
extract. Boiling for less than 1 h did not allow for the extraction of all the molecules, and the
extract could not exert the expected biological effect.

Tube formation assay represents an in vitro test to study the molecular mechanisms underlying
the several steps that lead to the formation of new blood vessels. This assay allows researchers
to identify compounds able to modulate angiogenesis, as well as the proteins and signaling
cascades involved. Moreover, this assay allows researchers to test substances that can influence,
at the same time, endothelial cell proliferation, adhesion, migration, and protease activity, all
important mechanisms in blood vessel formation. Using only this kind of test, we show that
RGWE, but not its major component rutin, is able to reduce the ability of HUVECs to form tube-
like structures without affecting cell viability and that this effect depends on MEK-ERK pathway
activation. However, it is important to perform the test with the right number of cells. In fact, too
few or too many cells could not allow the right formation of the tubes. For this reason, it is
advisable to perform a preliminary test to find the correct number of cells. Moreover, the number
of cell passages is as important as the cell number since, to obtain the correct tube formation
assay, cells have to be passaged twice to five times. After passage 6, senescence mechanisms
occur that can impair the right tube formation.

The tube formation assay is a very reproducible assay, and it sheds light on the physiology of
endothelial cells, even if it is not the gold standard for the three-dimensional study of tube
formation®*!, Three-dimensional collagen and fibrin models have been demonstrated to be
better for investigations of vascular tubulogenesis, sprouting, and endothelial cell-pericyte
interaction. However, compared to the tube formation assay on gelled basement matrix, these
tests are more time- and money-consuming!?!, suggesting that the first could be a good test to
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obtain preliminary results that can be the basis for more focused in vivo studies. Finally, the tube
formation assay can be carried out in 24 h, since nontransformed HUVECs are able to form tube-
like structures within 6 h2-13,

ACKNOWLEDGMENTS:
This work has been funded by Fondi di Ateneo to Luca Colucci-D’Amato and VALERE Program
funds to Maria Teresa Gentile.

DISCLOSURES:
The authors have nothing to disclose.

REFERENCES:
1. Carmeliet P. Angiogenesis in life, disease and medicine. Nature. 438 (7070), 932-936 (2005).

2. Carmeliet P, Jain, R.K. Molecular mechanisms and clinical applications of angiogenesis. Nature.
473 (7347), 298-307 (2011).

3. Ferrara, N., Kerbel, R.S. Angiogenesis as a therapeutic target. Nature. 438 (7070), 967-974
(2005).

4. Ravishankar, D., Rajora, A.K., Greco, F., Osborn, H.M.I. Flavonoids as prospective compounds
for anti-cancer therapy. The International Journal of Biochemistry & Cell Biology. 45, 2821-2831
(2013).

5. Gentile, M.T. et al. Ruta graveolens water extract inhibits cell-cell network formation in
human umbilical endothelial cells via MEK-ERK1/2 pathway. Experimental Cell Research. 364
(1), 50-58 (2018).

6. Butler. M.S. Natural products to drugs: natural product-derived compounds in clinical trials.
Natural Product Reports. 25, 475-516 (2008).

7. Sulaiman, R.S., Basavarajappa, H.D., Corson, T.W. Natural product inhibitors of ocular
angiogenesis. Experimental Eye Research. 129, 161-171 (2014).

8. Risau, W. Mechanisms of angiogenesis. Nature. 386 (6626), 671-674 (1997).

9. Trung, N.X. In vitro models for angiogenesis. Journal of Science & Development. 13 (4), 850-
858 (2015).

10. Ucuzian, A.A., Greisler, H.P. In vitro Models of Angiogenesis. World Journal of Surgery. 31,
654-663 (2007).

11. Simons, M. et al. American Heart Association Council on Basic Cardiovascular Sciences and
Council on Cardiovascular Surgery and Anaesthesia. State-of-the-Art Methods for Evaluation of



309
310
311
312
313
314
315
316
317

Angiogenesis and Tissue Vascularisation: A Scientific Statement From the American Heart
Association. Circulation Research. 116 (11), e99-132 (2015).

12. Arnaoutova, |, Kleinman, H.K. In vitro angiogenesis: endothelial cell tube formation on gelled
basement membrane extract. Nature Protocols. 5 (4), 628-635 (2010).

13. DeCicco-Skinner, K.L. et al. Endothelial cell tube formation assay for the in vitro study of
angiogenesis. Journal of Visualized Experiments. (91), e51312 (2014).



Figure 1 Click here to access/download;Figure;FIG 1.tif 2

i LK Iluln“"l'J' £

R. graveolens



http://www.editorialmanager.com/jove/download.aspx?id=901102&guid=f06eb0cd-7e9f-4930-a4d2-0af6ae4d27ad&scheme=1
http://www.editorialmanager.com/jove/download.aspx?id=901102&guid=f06eb0cd-7e9f-4930-a4d2-0af6ae4d27ad&scheme=1

HUVEC

Click here to access/download;Figure;FIG 2.tif *



http://www.editorialmanager.com/jove/download.aspx?id=901104&guid=6bccb4cf-903d-4d63-aa4e-1b727b216fd2&scheme=1
http://www.editorialmanager.com/jove/download.aspx?id=901104&guid=6bccb4cf-903d-4d63-aa4e-1b727b216fd2&scheme=1

Figure 3 Click here to access/download;Figure;FIG 3.tif =

A HUVEC
RGWE

0 mg/mL

0.01 mg/mL

130

100

——"% branch point
® % cell viabilily

0.1 mg/mL . . . ‘
0.01 01 1.0 mg/mL

%naass
=

1 mg/mL



http://www.editorialmanager.com/jove/download.aspx?id=901105&guid=9bb816b8-6ba7-4daa-8723-355aa517dedd&scheme=1
http://www.editorialmanager.com/jove/download.aspx?id=901105&guid=9bb816b8-6ba7-4daa-8723-355aa517dedd&scheme=1

Figure 4 Click here to access/download;Figure;FIG 4.tif

A HUVEC
Rutin
0 pg/mL
12 pg/mL
f__+=-_—'-—j=:
—&6 branch point
% cell viability
120 pg/mL

0 12 120 300 ug/mL

300 pg/mL



http://www.editorialmanager.com/jove/download.aspx?id=901107&guid=d5ef554d-3956-404b-854e-6dc0f714603f&scheme=1
http://www.editorialmanager.com/jove/download.aspx?id=901107&guid=d5ef554d-3956-404b-854e-6dc0f714603f&scheme=1

Figure 5 Click here to access/download;Figure;FIG 5.tif %

001 01  1.0mgmL



http://www.editorialmanager.com/jove/download.aspx?id=901108&guid=80c62f79-cd86-4ddf-80b3-66ec17834f21&scheme=1
http://www.editorialmanager.com/jove/download.aspx?id=901108&guid=80c62f79-cd86-4ddf-80b3-66ec17834f21&scheme=1

Table of Materials

Name of Material/ Equipment

HUVEC cells

FBS

EBM-2 basal medium
Single quot kit- supplemets and
growth factors

Matrigel

96-well plates

15 mL conical tubes

10 mL disposable serological
pipette

5 mL disposable serological
pipette

1000 pL pipette

100 pL pipette

20 plL pipette

p1000 pipette tips
p20-200 pipette tips
Burker chamber
Trypan blu stain

DPBS

mill-ex 0.22 um filters
Lyophilizer

Incubator

Cco2

Pen-Strep

100 mm dish

pcDNA3
Lipofectamine-2000
Opti-MEM

Rutin

Axiovert 25 microscope

Company

Clontech
Invitrogen
Clontech

clontech
Corning
Thermo Scientific
Sarstedt

Sarstedt

Sarstedt

Gilson

Gilson

Gilson

Sarstedt

Sarstedt

Fortuna

Gibco

Gibco

Millipore
VirTis-SP Scientific
Thermo Scientific
AirCos

Gibco

Sarstedt
Invitrogen
Invitrogen

Gibco
Sigma-Aldrich
Zeiss

Catalog Number

C2519A
10270106
cc3156

cc4147
354234
167008
62,554,502

861,254,001
861,253,001
Pipetman classic
Pipetman classic
Pipetman classic
70,760,502
15250-061

14190-094
SLGS033SS

15070-063

833,902

v79020
11668027
31985070
R5143-50G

Click here to access/download;Table of Materials;JoVE_Materials.xlsx %

Comments/Description

Reduced serum medium
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AmScope MD500 camera AmScope

Dispase Thermo Scientific D4818
Lab heater Falc

American National
ParaFilm Can
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ramber of other COMNDULON:, CONMRLLAG Jepacate and
ladependent works I thomsehves, re acembled nto 2
collective whole; “CRC Ucessa™ maans the Oreative Commonsy
Aribution-Noa - CommerciabNe  Oecvi 30 Unported
Agreement, the termm and cooditions of which cao be found
3 Mtp//crestvecommont org/icenes/y-nc:
nd/30Negalcode; “Dertvathre Week™ mesrs 3 work Sased
upon the Materialy o vpon the Materials and other pre-

otter form i which the Materials may be recast, trangformed,
of adapted, WmETRULON” mesn The imtitution, lnted cn the
3t poge of this Agreoment, by which the Author wa
wuumdwmdwm%ﬂ'
means Mylove Corpontion, 3 Mausachuietts comparation and
the putisher of The Jjoumo! of Visuslired Diperiments;
"Materials™ moons the Articie and [ or e Video; “Parties”
means the Author and JOVE, “Video™ means any video(s) made
by the Auther, aone o¢ ¥ conjunction with any othee parties,
or by JOVE o s afates o agents, Indwidually or in
colotonation with e Author or any other parties,
wmu-mmmwmuhmu
Author may of My NOT IPPeN

6125828

1 Backaroung The Author, wha s the author of the Articie,
0 order 10 eedure the dissemination and protection of the
Artiie, desires 00 have the JoVE publiish tThe Article asd Create
aod tranwmit videos baded on the Artice.  In furtheraoce of
such poals, the Partien detire to memoralize » this Agreement
the respective rights of each Party In 3ad 10 the Articls and the
Video.

3. Grart of Subds n Arseie In contideration of JoVT agrecing
20 publeh the Artclo, the Author hereby grants 10 JOVE
mwmamrm,mmw
perpetual {for the full torm of copyright in the Article,
inchading any extensions therets) Roense L) to publih,
repeoduce, distribute, dtsplay and s10re the Article i aX forms,
formaty and moda whether cow known Of  hereafter
developed (Inciuding without Smimation in pont, digital sed
clectronks form) eoughout the world, (b] 10 tanuiate the
Arsicte et OUher nguages, Croote 3IPLATIONL, Lumeraries o
eracts of the Asmticle o other Derhvistve Works (Indiuding
without Bmnaton, the Video| of Collective Works based on o
or any portion of the Aicle and excrcise all of the nghts set
forth i (3] adeve M sxch tansations, adaptations,
surmaried, estraces, Denvative Works or Colloctive Works and
(¢] e Boense Others to 90 sny or #ll of the dove The
foregoing rights may be exercisad in all media and formuats,
whather now known or hereafter devised, and inciude the
Fight o make such moddications 3t aee 1achnically necessary
10 ewercive the rights In other medis and formuts. if the “Open
Access” box Mot Deen checked In Iterm § above, JoVT sod the
Author herely grant to the pobic afl sch rights i the Artidle
a3 provided i, but 1ubject to 3l Bmtations and rogurements
set forth in, the CRC Licensc.
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o
traching clases, and 10 post ¥ copy of the Article on e
rtution’s weba/te O the Author's peronal wediite, i each

S Guot of Sights in Video - Slandacd Access. Ths Section §
mvmwmmmmwnm
1 above or f nG Box has Deen checked in e 1 above.
consideration of JOVE agesing 10 produce, Guplyy o
otherwise malst with the Video, the Author hereby
ackeowiedges and agreet That, Subject to Section 7 below,
JVE s and shall Be the sole and exchusive swmer of ¥ rghts of
a0y ratire, includieg, without Smitatien, all COPyrights. in 3nd
0 the Video. To the evtent Bhat by Bw, the Author is
doernad, Now OF 3t 2y time in the futiure, 10 Rave oy rights
of iy natuee in Or (o e Video, the Author herelry disciams
o wuch rights and tramafers a8 wuch rights 10 JONE.

& Goot of Rights i Video = Oagn Accer TS Section 6
spoles oaly ¥ the “Open Access” box s boen cheched in
Rem 1 dove. I coasidenation of JOVE agrecing 1o prodece,
duplay or Otherwise asist with the Video, the Acthor hereby
Faoh1 10 JOVE, whject 1o Section 7 below, the mxciutive,
roysitpdree, porpetual (for the il term of copyright in the
Aeticle, inchuding any extensiont therets) icensa (1) 1o publish,
Mmmumm%hd“
formats aad medls whether now Inown o hereafier

Works based on ol 0f any portion of the Video and exercise 3
ammmmummmwm
adaptationt, sumaaries, extracts, Derhatihe  Worki o
Collective Werks and fc) to ficonte omers to o 2wy or al of
the 20ove. The foregoing rights may be esercived in 2 media
and foemats, whethel now Anown of heceafter devisad, and
Include the right 10 make sach modifications 23 are techaically
mecestary 1O enercise the rights in other meda and formats.
For sy Video 1o whikh this Section 6 is applicable, JOVE sed
the Author hereby grast to the putiic a8t such rights in the
Video a5 provided i, but sebject to 3 Bmitstions ad
reguartments set forth in, the CRC Ucense.

Y. GReernemesd EMOOYRES I the Asthor is 3 United States
goverment empioyes and the Arsicle Was prepared n the
course of S5 or her duties 35 2 Usited Sadet government
employee. a3 indicatad ia Mem 2 above, and any of the
Icenses or grants grasted by the Author hereunder oxceed the
scope of the 17 LLS.C. 403, then the rights granted hersonder
Dl be hemited 10 the max fights permted usder WXh

s
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statute. In such cate, Al provisions contained herein that are
not In conflict with such satute shall remnain in Al force and
effect, and il provilons contained herein that 9o 10 Confixe
il be deemed 50 Se amendod 10 24 50 POVIaE 90 JVE D
mEoran Hights permiisdie within tuch statte

8 Lhposss Privacy, Penooplity. The Author heredy grants
JovT the right %0 use the Author's name, voie, Benest
picture, photograch, image, biogragtyy sad performance in sny
way, commercial or Otherwiia, In conmection with he
Materialy and the 1ale, prossotion and dutribution thereof.
The Author herety wabves any and ok rights he o she may
have. relating 10 his or ber sppearance in the Video o
otherwive relating to the Maerials, under 38 appicable
privacy, Mieness, perionality or similar Lawi.

9 Author Watraoties The AUthor represents and warrasts
Bt tha Articie Is origingl, That it hus not been pobished, that
the copyright intesest i wned by the Author (or, f more than
one author i fnted 31 the begioning of Dy Apreement, by
such authors coliectively) and has not been asuigned, kensed,
or Otherwise transferred %0 any Other party, The Authes
represents and warrants that the author(s) lated 3t the t2p of
this Agreeenent are the cely authors of the Maserats. If more
tham one suthor i Ested at the top of this Agreement and If
By Juch 3uthor has not entered Into 8 wepaate Article and
mmwmmmwnm
the AUthor tepresents Shd warrants that the Author has been
suthorired by each of the other wch Juthors 10 eeecute this
mxuhamwm»mnnorm-n
mnmmduwn!-»dmm
Mam“umw.mw-uvmn
the ie, teprodection, distibution, poblic o  privete
performance o Guphay, andfee modificason of all or sy
pormon of the Materiol doet act and will not wickate, Infringe
ard/or mitagpropeiate the patent, trademark, inteSectsl
proparty Of other rghts of any thind party, The Acthor
repretents and wTants $hat | has and will conttue B

privacy, and Ml other rules, regudations, liws, procederes o
pidelines, applicable to the Materiais, and that all resoarch
invelving human and ankenal subbjects has Seen Jpproved by
e AUthor's rebevant Inittunonal review HoMd.

10, VT Discregion, I the Author requests the ansistance of
JOVE in prodocing the Video in the Author’s faciicy, B Author
hall envure that the presenco of Jovi employees, agents or
Independent contraCion B In ccordance with the relevast
regulations of the Author’s insttution.  If more 1hun oo
pAnor 1 lnted at the degnning of this Agreement, JOVE may,
In ity sole Slscretion, elect not take sy ActON with respect 10
aqm.m-wamunmmw.
evecumed Articke and Video License Agreements iom each
soch acthor, JOVE reserves the right, in its abtokate and sole
Gacrotion Ind without giving any reason therefore, to accept
ot decling any work mmitted to JoVE. SOV and s
enployees, 3geett sad independeat (oatraciors shall have
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18/09/2018
Dear Editor,

All the suggested corrections have been made (please see below). We hope that in this version the
manuscript is finally suitable for the publication in your journal.

Kind regards

Luca Colucci-D’Amato

Editorial comments:

1. 1.1: There should be more explicit instructions on R. graveolens cultivation and/or collection
here, not just where it can be found. Do you grow it in your lab? Collect it nearby? At least one
reference will likely be appropriate. v

1.1. Collect R. graveolens leaves from plant during the spring-summer months under the supervision of a
botanist. In our case it was collected at the Experimental Section of Medicinal Plants in the Botanical
Garden of Naples, Italy’ . The plant is spontaneous, perennial and spread in the Mediterranean regions (Fig.

1).

2. 2.2/Discussion, paragraph 3: These contradict each other; the protocol says passages 2-6 while
the discussion says passages 2-5. v

Moreover, cells passage is as important as cell number since to obtain the correct tube formation

assay, cells have to be from passage 2 to passage 5. After passage 6, senescence mechanisms occur that

can impair the right tube formation.

3.4.4/4.10: ‘g/min’ does not appear to be the proper unit. v

Then collect the medium in which the cells are suspended and harvest the detached cells by centrifugation
at 264 g for 3 minutes.

Then, from each well, collect the medium in which the cells are suspended and harvest the detached cells
by centrifugation at 264 g for 3 minutes.

4. Figures 3B-C, 4B-C, and 5B are substantially the same as figures from your 2018 Experimental
Cell Research paper, despite the minor alterations. We will not be able to accept your work until
rights are secured for these. Please use the publisher’s tools
(https://s100.copyright.com/AppDispatchServlet?publisherName=EL S&contentID=S00144827183
00363&orderBeanReset=true) and upload the result to Editorial Manager; alternatively, provide a
link to the editorial policy that allows re-prints. Also, these figures must be cited appropriately in
their Figure Legends, i.e. “This figure has been modified from [citation].” v
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Figures 3B-C, 4B-C, and 5B were changed. However, please consider that these figures are
substantially the same as figures from 2018 Experimental Cell Research paper, because, as
expected, the results of the new experiments performed are substantially the same.




