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ARTICLE INFO ABSTRACT

Wound healing is a general repair response or process of the body immediately after the disruption of the skin
integrity. However wound healing is a complex process in which body repairs itself. The aim of this research is to
study the wound healing activity of ethanolic extract of Plumeria obtusa L. leaves and to study the efficacy of
formulated 2.5%, 5% and 10% Plumeria obtusa sprays in in-vivo wound healing models. The spray was prepared
in three formulations F1, F2 and F3 containing 2.5% (50 mg/kg BW), 5% (100 mg/kg BW) and 10% (200 mg/kg
BW) extract of P. obtusa leaves respectively. The wound healing activity was studied by invivo method. In
excision model the % wound closure rate on epidermal skin of white Wistar albino rats was studied and was
compared with standard Hansaplast Wound spray. The tensile strength or skin breaking strength was measured
on the 10" post wounding day in anesthetized experimental rats in incision model. The results obtained by 3
formulations F1, F2 and F3 were studied and compared with the control group. The formula F3 shows complete
wound healing on day 17, while the F1 and F2 showed complete healing on day 21 and 19 respectively in
excision wound model. In incision wound model the tensile strength was found to be high about 404 gm by
application of formula F3 spray. Formula F1 and F2 showed 354 gm and 385 gm tensile strength respectively.
The conclusion is ethanolic extract of the leaves of plant P. obtusa showed promising wound healing activity as
studied by the invivo models. The study shows that Formula F3 with 10% (200 mg/kg BW) P. obtusa extract
spray shows better and efficient wound healing activity than formula F1 with 2.5% (50 mg/kg BW) and formula
F2 with 5% (100 mg/kg BW) extract spray.
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1. Introduction Melia (Hawaii), Araliya (Sri Lanka), Temple Tree (United Kingdom),

Hong Ji Dan Hua (China). It is also called as the Singapore flower or the

Wound healing is a complex process by which the skin or other body
tissues repair or heal itself after trauma. Wound healing is very orderly
and highly controlled process characterised by four distinct phases as
Hemostasis, Inflammation, Proliferation and Maturation or
Remodeling. The repair process needs the co-ordination of various cells,
growth factors and cytokines [13]. Plumeria belongs to the family
Apocynaceae which consists of a wide variety of 300 Genera and about
more than 1400 Species throughout the world [1]. The plant is grown
for its ornamental purpose and consists of sweetly fragrant flowers. The
commonly known species having medicinal importance are Plumeria
rubra L., Plumeria obtusa L. and Plumeria alba L. [2,6]. Plumeria obtusa L.
is commonly known as Champa (Hindi), Chaempae (Konkani), Arali
(Tamil), Kathgolop (Bengali) in India and White Frangipani (Australia),

Singapore graveyard flower [19,26]. P. obtusa is native to Northern
Central America, Antilles and the Southeastern Mexico. They are pro-
lific in Hawaii [19]. The flowers are white in colour and are having
small brilliant yellow centre [7]. The plant can be distinguished from
the other species in genus Plumeria as basically it is a small tree and the
leaves are rounded at the tip or the end [32].

P. obtusa is used in traditional medicine as healers to diabetes
mellitus. Leaves are used as purgative, treat headache, skin defects,
abortifacient, healing wrap. Roots are used in treatment of skin and
liver diseases, leprosy, tumours, ulcers, etc. The plant is also reported to
have anticancer properties. The latex is used as diuretic and purgative.
Flowers are used as ornamental purpose, perfumes, etc [1]. In Asia,
decoction of leaves of the plant is used for treating wounds and skin
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diseases [4,38]. Vietnamese people believed that the plant has healing
powers and also used it to treat various skin diseases. The extract of
leaves are reported to show the following phytochemicals flavonoids,
tannins, glycosides, cardiac glycosides, alkaloids, saponins, terpenoids,
phenols, etc present [7]. Various phytochemicals have also been iso-
lated from the different parts of the plant P. obtusa [23,34].

Wound dressings such as plasters and bandages protect the wound
but also cause discomfort to the patient as the pain associated during
dressings and removal process is a bit more. Aerosols are a new drug
delivery system in wound healing which minimises the efforts and
discomforts caused to the person and hence increases their acceptance
and patient compliance. Sprays are easy to use and cause lesser con-
tamination and discomfort as that of dressing [17]. The aim of this
research is to study the wound healing property of P. obtusa leaves
extract spray.

2. Material and methods
2.1. Plant material collection and identification

The fresh leaves of plant Plumeria obtusa L. were collected and
submitted for plant authentication to the Western regional centre,
Botanical Survey of India, Pune and the voucher specimen (BSI/WRC/
100-1/Tech./2017/16) was deposited and preserved in the library. The
fresh plant leaves collected were washed with water and then shade
dried at room temperature. The dried leaves were then grinded in local
grinder machine. The powder was then subjected for further process.

2.2. Preparation of extract

The extraction process was carried out by maceration technique.
About 100 gm of grinded leaf powder was soaked in 600 ml of ethanol
for not less than 7 days at room temperature. The mixture was shaken
after every 5 hr during this period. After 7 days the powder mixture was
filtered using Whatman filter paper grade 1 and extract was evaporated
with rotary vacuum evaporator at 60 °C. The percentage yield of the
extract was calculated and is showed in Table 1.

2.3. Phytochemical analysis

The extract of the plant leaves was studied for the presence of
various phytochemical classes. For tannins, in 2—3 ml of plant extract
ferric chloride (5%) was added and blue-black or blue-green colour
shows presence of tannins. For determination of flavonoids, shinoda
test was performed. In this to 0.5 gm of extract, 5ml of 95% ethanol
was added. To this, few drops of Conc. HCl and 0.5 gm of magnesium
turnings were added. Orange, pink, red to purple colour shows the
presence of flavonoids, dihydro-derivatives and xanthenes. Flavanols
shows a deep red to magenta colour while flavanones and flavonols give
weak pink to magnetic colour. The presence of alkaloids was de-
termined by adding 1 gm of plant extract to 10 ml dilute HCI, filter and
Mayer’s reagent was added. Formation of precipitate shows positive test
for alkaloids. Saponins were determined by the foam test & the he-
molytic test. In hemolytic test the plant extract was added to one drop
of blood placed on a glass slide. The appearance of hemolytic zone
under microscope indicates presence of saponins present. Cardiac

Table 1
Isolation of crude extract from the leaves of Plumeria obtusa L. by maceration
process.

Weight of powder Solvent used for Extract obtained
(gm) extraction (ml) (gm)

% yield of crude
extract

P. obtusa leaves Ethanol- 600 ml 13.46 13.46%

100 gm
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glycosides were determined by Keller-Killani test. In this 2 ml of extract
was added to glacial acetic acid to this about one drop of 5% FeCl; and
H,S0, was added. Appearance of reddish-brown colour at junction of
two liquid layers and the upper layer slightly bluish green in colour
shows positive test for cardiac glycoside. Anthraquinones were de-
termined by the Borntrager’s test. In this 3 ml of extract was added with
dilute H>SO,4. The resulting solution was boiled and filtered and to it
equal volume of benzene or chloroform was added. It was shaked well
and the organic layer was separated, to it ammonia was added.
Appearance of pink or red colour ammonical layer shows presence of
anthraquinones. Steroids were determined by Liebermann-Burchard
reaction. 2ml of extract was added to chloroform. 1—2ml acetic an-
hydride and 2 drops of Conc. H>SO, from side of test shows positive test
of steroids. For coumarins, moistened dry powder of extract was taken
in test tube. The test tube was covered with filter paper soaked in dilute
NaOH solution. After sometimes the filter paper was exposed to UV
light, yellowish to green fluorescence indicates presence of coumarins
[3,15]

2.4. Preparation of spray

The P. obtusa spray was prepared in three formulations- F1, F2 and
F3 containing 2.5% (50 mg/kg BW), 5% (100 mg/kg BW) and 10%
(200 mg/kg BW) P. obtusa extract as active ingredient. The solvent used
for preparation of all three sprays is ethanol 60%. In all formulations
propyl paraben was added as preservative quantity sufficient and rose
oil as a perfume. The formulations were then filled into suitable con-
tainer and caped. No change or no reaction occurs in the formulation
i.e. formulation remains stable with the excipients propyl paraben and
rose oil. These excipients do not interfere with the therapeutic activity
of the test P. obtusa sprays. The quality control parameters were studied
for the following three formulations F1, F2 and F3 sprays.

2.5. Quality control evaluation for sprays

2.5.1. Delivery rate

The delivery rate of P. obtusa spray was evaluated according to
standard procedure stated in USP [31,37]. 3 aerosol containers from
each formulation F1, F2 and F3 were taken individually and the valve
was pressed for 3 sec at temperature 25° = 1 °C. The test was repeated
three times and the average delivery rate was calculated in gm per
second [9].

2.5.2. Delivery amount

The delivery amount was calculated according to the procedure in
USP [37]. About 3 containers from each formulation F1, F2 and F3 were
taken individually and the valve was pressed continuously for 4 sec at
temperature 25° = 1°C. The initial weight and the final weight after
pressing the valve were recorded. The difference or the weight loss was
calculated from each container and the deliverable amount was esti-
mated in percentage [9].

2.5.3. Minimum fill

Three filled containers from each formulation F1, F2 and F3 were
selected and weighed individually. The contents were removed from
each container. The packages were opened or dismantled and any re-
sidue found was removed by washing with suitable solvent, distilled
water and finally with few portions of methanol. The container, the
valve and all associated parts were collected and allowed to fully dry.
The weight of the container together with the corresponding parts was
noted and the difference between the weight of the filled and the empty
container was calculated and noted as the net weight of the content
[9,371.

2.5.4. Leakage test
The leakage test was conducted according to the method in IP and
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Table 2
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Effect of P. obtusa sprays on wound contraction/closure rates and epithelization period in excision wound model.

Groups % of Wound healing Period of Epithelization (Days)
3rd day 7th day 11th day 16th day

Control 14.87 + 2.04 31.62 + 1.89 5216 * 1.21 74.28 = 1.37 21

P. obtusa 2.5% Spray 18.24 + 1.56** 35.36 + 2.4* 56.38 £ 2.16%* 77.64 = 2.08* 20

P. obtusa 5% Spray 23.38 * 2.24* 41.64 + 1.92* 62.57 * 1.34%* 82.19 = 1.62%* 19

P. obtusa 10% Spray 28.42 £ 2.17* 47.6 £ 2.06** 70.9 £ 1.57* 93.57 * 1.46* 17

Hansaplast Wound Spray 30.23 + 1.91* 51.05 + 2.13** 77.66 * 1.23* 99.33 £ 1.74** 16

Values are expressed as mean + SE, (n = 5 animals), where * P = < 0.05 and ** P = < 0.01 when compared to control.

0 day 3 day

7% day

11" day 16" day

Fig. 1. Effect of 10% P. obtusa extract spray on the excision wound model in rats measured on 0, 3°%, 7", 11" and 16" day.

120

u Control
u P. obtusa 2.5% Spray
u P. obtusa 5% Spray

% Wound closure

u P, obtusa 10% Spray
= Hansaplast Spray

Days

Fig. 2. Wound contraction or closure rate on 3, 7, 11 and 16 days of different
groups of animals treated by the P. obtusa test 2.5%, 5%, 10% spray and
standard Hansaplast wound spray. Values are mean of = SE, (n = 5 animals),
where *P = < 0.05 and **P = < 0.01 when compared to control.

Table 3
Effect of P. obtusa sprays on the tensile strength and epithelization period in
incision wound model.

Group Epithelization period (days) Tensile strength (gm)
Control 17.12 330 = 2.74

P. obtusa 2.5% Spray 16.23 354 + 2.36*

P. obtusa 5% Spray 14.68 385 = 3.8

P. obtusa 10% Spray 12.34 404 + 3.54*
Standard 11.2 435 + 2.14*

Values are expressed as mean * SE, (n = 5 animals), where * P = < 0.01
when compared to control.

the USP [12,37]. Three containers were selected from each formulation
F1, F2 and F3 individually and the date and time was recorded. Each
container was weighed to the nearest mg and weight was recorded as
W1. The containers were allowed to stand in upright position for not

less than 3 days at temperature of 25° + 2 °C and the final weight was
recorded as W2. The leakage rate was calculated and expressed as mg
per year for each container by the formula-

Leakage rate = 365 x 24/T x (W1 — W2),

where T = test period in hours.

2.5.5. Flammability test

The flammability test for the formulated sprays was determined
from the method in Sciarra and Cutie [31] and Sanders [29]. In this if
the flame projects more than 18 inch with the valve fully opened then
the sample is flammable or if the flame flashes back and burns towards
the valve with any degree of valve opening [9].

2.5.6. Spray pattern

The formulations were sprayed onto absorbent paper for 2 sec and
the distance between the container and the paper was kept constant as
10 cm. The spray pattern obtained was recorded, which is also shown in
Fig. 4 [29,31]

2.6. Toxicological study

2.6.1. Acute toxicity study

The healthy albino Wistar rats were starved for 3—4 hr and were
subjected to acute toxicity studies as per OECD 423 guideline [28]. The
rats were observed continuously for 2 hr for behavioral and neurolo-
gical changes. Further no death was observed at the highest dose of
2000 mg/kg BW of the test ethanolic extract of P. obtusa used.

2.6.2. Acute dermal toxicity

The acute dermal toxicity study was performed for about 14 days on
experimental rats which were used previously for acute toxicity study.
The different formulations prepared from the P. obtusa plant extract F1,
F2 and F3 with concentrations 2.5%, 5% and 10% respectively were
tested for the dermal toxicity.
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Table 4
Evaluation of Delivery rate and Delivery amount of different formulations of P.
obtusa extracts sprays.

Formulation Delivery rate (gm/sec) Delivery amount (%)
F1- P. obtusa 2.5% extract Spray 0.19 = 0.02 97.5 = 0.5

F2- P. obtusa 5% extract Spray 0.19 = 0.04 97.55 + 0.5

F3- P. obtusa 10% extract Spray 0.20 = 0.03 97.4 = 1.1

Values are expressed as mean * SE, (n = 3 containers), where P = < 0.05.

Table 5
Evaluation of Leakage and Minimum fill of different formulations of P. obtusa
extracts sprays.

Formulation Leakage (%/year) Minimum Fill (%)
F1- P. obtusa 2.5% extract Spray 0.13 = 0.1 100.1 = 0.1

F2- P. obtusa 5% extract Spray 0.13 = 0.1 100.12 = 0.2
F3- P. obtusa 10% extract Spray 0.13 = 0.1 100.12 = 0.1

Values are expressed as mean + SE, (n = 3 containers), where P = < 0.05.
2.7. Experimental animals

Swiss albino Wistar rats of either sex weighing about (200-250 gm)
were used for animal studies for wound healing. The experimental
protocol and procedure was approved by the Committee for the purpose
of control and supervision of experiments on animals (CPCSEA) by Ref
no. DrVVPF’s COP/IAEC/Avish/2016/1. Animals were divided in four
groups of five each. The animals were housed in proper polypropylene
cages under controlled conditions of temperature (20-25 °C) and were
given normal food and diet.

2.8. In vivo wound healing models

2.8.1. Excision wound model

The animal was anaesthetized by using ketamine hydrochloride inj.
(10 mg/100 g BW-IP). Half an hour prior to administration of ketamine
inj. hairs of animals were removed about 2 X 2cm square from the
back of rat which has been untouched before. The wound was then
made on the shaved back of rat about 350 mm square and 2 mm deep
[22]. The wound area was cleaned with cotton soaked in water. The
animals were closely observed for any bacterial infection and if ob-
served they were separated. The animals were divided into five groups
comprising of five animals each. Group 1 was considered as Control.
Group 2 was treated with Standard drug Hansaplast Wound spray.
Group 3 was treated with Formula F1. Group 4 was treated with for-
mula F2 and group 5 was treated with Formula F3. The three for-
mulations containing P. obtusa extract and Standard drug i.e. Hansa-
plast Wound spray was applied daily on the wound area till complete
healing was observed. The wound area or the contraction rate was
measured on the 3, 7, 11, 16 & 17 post wounding days [24,27]. The
percentage of wound contraction/closure rate was calculated by the
formula- [16,36]

% of Wound closure = (Initial wound size — Specific day wound size)/
Initial wound size.

Table 6
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2.8.2. Incision wound model

The rats were anesthetized with ketamine hydrochloride inj.
(10 mg/100 gm BW- IP). The hairs on its back were removed by electric
clipper. Para vertebral incision of about 5 cm long was made on the skin
of its back leaving about 1.5 cm? from the either side of the back of rat
as described by ‘Ehrlich and Hunt’ [8]. The wound was then cleaned
with cotton soaked in normal saline. After hemostasis wound was
closed by giving intermittent sutures about 1 cm apart with help of
surgical thread and curved needle no 16. Animals were divided in 5
groups consisting of 5 animals each similarly as that of the excision
wound model discussed above. Formula F1, F2 and F3 were applied
twice daily on the wound area for about 8 days. On the 9% post
wounding day all the sutures given were removed. The skin breaking
strength or the tensile strength was estimated on the 10™ post
wounding day in anaesthetized rats by the method described by ‘Lee’
[18]. In this a line was drawn on either side of the incision line 3 mm
away from the wound. Two forceps were firmly applied on the line
facing each other. One forcep was fixed and other was connected to the
freely suspended lightweight polypropylene graduated container
through a string run over to a pulley. Standard weights were put slowly
and very carefully into the container. The point where a gradual in-
crease in weight further pulls the wound edges apart. As and when the
wound is opened up, the weight was stopped and recorded [14,16,36].

Tensile strength = Total breaking load/Cross sectional area.

3. Statistical analysis

The results of the study were reported as mean + SEM. Statistical
comparison was performed using either unpaired t-test or one way
analysis of variance (ANOVA) followed by Dunnett’s test performed for
multiple comparisons. In the Study value of P < 0.05 was considered
statistically significant in the experimental data analysis.

4. Result
4.1. Phytochemical analysis

The crude extract of the plant shows positive test for the presence of
following phytochemical- tannins, flavonoids, alkaloids, saponins, car-
diac glycosides, terpenoids and steroids. Whereas presence of cou-
marins and anthraquinones showed negative in the crude extract.

4.2. Toxicity study

Acute toxicity study of Plumeria obtusa L. with doses 250, 500, 1000
and 2000 mg kg ~! body weight administered via oral route showed no
mortality up to 72hr. Similarly no dermatological toxicity was ob-
served on the application of different formulations F1, F2 and F3 of P.
obtusa extract continuously for 14 days with concentration of 2.5%, 5%
and 10% respectively.

4.3. Quality control evaluation for spray

4.3.1. Delivery rate and delivery amount
The delivery rate and the delivery amount of the P. obtusa extract

Evaluation of flammability test conducted on different formulations prepared by P. obtusa leaf extract.

Formulation Flame Projection (Inch) Flame Flash back (Inch)
F1- P. obtusa 2.5% extract Spray 22 3
F2- P. obtusa 5% extract Spray 22 3
F3- P. obtusa 10% extract Spray 22 3

Values are expressed as mean + SE, (n = 3 containers), where P = < 0.01.
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Fig. 3. Tensile strength of different groups of animals treated by the P. obtusa
test 2.5%, 5%, 10% spray and standard Hansaplast wound spray. Values are
mean of + SE, (n = 5 animals), where * P = < 0.01 when compared to con-
trol.

spray was calculated in gm per second and percentage respectively and
the results obtained are shown in Table 4.

4.3.2. Minimum fill and leakage test

The minimum fill was calculated in percentage and the leakage test
was calculated percentage per year. The evaluated data is shown in the
Table 5.

4.3.3. Flammability test and spray pattern

The result of flammability test is shown in Table 6. All P. obtusa
sprays with different formulations are flammable as they contain
ethanol used as a solvent. The spray patterns for different formulations
are shown in the Fig. 4. All spray patterns and size are same because all
formulas F1, F2 and F3 comprise of the same type of valve. The type of
valve affects the spray pattern.

4.4. Normal healing

In excision wound model the control rats took about 21-22 days to
heal completely. While in incision wound model the tensile strength or
the skin breaking strength of the control group of rats was found to be
330gm. The control groups of the rat in both experimental studies were
not provided with any treatment.

4.5. Excision wound model

The wound contraction rate and period required by different groups
of experimental animals for complete epithelization of the wound by
excision wound model is shown in Table 2. The wound contraction/
closure rate measured was found to be 28.42, 47.6, 70.9 and 93.57 on
the days 3, 7, 11 and 16 respectively by application of formula F3 and
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23.38, 41.64, 62.57 and 82.19 by the application of formula F2.
Whereas the wound closure rate was found to be 18.24, 35.36, 56.38
and 77.64 on days 3, 7, 11 and 16 respectively by application of for-
mula F1 (with p < 0.05). The photos of the wound are shown in the
Fig. 1. According to the results complete wound healing was observed
on day 21 in control group. Formula F1 and F2 shows complete wound
healing on the 20 and the 19 day respectively. Whereas formula F2
showed complete wound healing on day 17 and the standard drug i.e.
Hansaplast Wound spray showed complete wound healing on day 16
(Fig. 2).

4.6. Incision wound model

The tensile strength of the skin in rats was measured on the 10 post
wounding day. The wound healing effect of P. obtusa sprays in incision
wound model is shown in Table 3. The skin breaking strength was
found to be 354 gm by application of formula F1 and 385 gm by the
application of formula F2. The skin breaking strength was found high
about 404 gm by the application of formula F3, where p < 0.01. The
control group of rats left untreated showed skin breaking strength of
about 330gm. The standard spray showed skin breaking strength about
435gm. Hence formula F3 showed significant skin breaking strength as
compared to the results shown by control group (Fig. 3 ).

5. Discussion

Wound occurs when the integrity of any tissue is compromised and
wound healing is a general repair response or process of the body im-
mediately after the disruption of the skin integrity. Wound healing is a
physiological process and generally does not require much help in
treating if it’s a small cut or small wound but wounds cause distress, a
lot of pain and are susceptible to infection or may lead in formation of
chronic wounds. Whereas some diseases like diabetes, ischemia, local
infection, malnutrition and ageing also causes delay in wound healing
process. Hence use of further wound healing modulators or agents
which facilitate the healing process are indicated [20,33].

In our present study the wound healing activity of ethanolic extract
of Plumeria obtusa L. leaves was evaluated and the wound healing po-
tency of formula F1, F2 and F3 was compared in vivo studies by both
excision and incision models. The results obtained were compared with
the standard marketed Hansaplast Wound spray. Our aim was to for-
mulate an herbal wound healing spray and evaluate its activity for
checking the potency of the formulation.

The preliminary phytochemical study or analysis of the plant P.
obtusa shows presence of flavonoids, tannins, alkaloids, phenols, sapo-
nins and terpenoids present. These phytochemicals act by different
mechanisms as tannins, saponins facilitate wound healing by anti-
microbial and astringent activity where as flavonoids possess potent
antioxidant and free radical scavenging activity and promote wound
healing activity [35]. The extract of plant leaves also possess anti-
bacterial activity and this also in turn may facilitate the wound healing

Formula- F1

Formula- F2

Formula- F3

Fig. 4. Spray pattern of different formulations F1, F2 and F3 containing P. obtusa extract.
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process [25].
6. Conclusion

The complete wound healing was observed on day 20, 19 and 17 by
the application of formula F1, F2 and F3 in excision wound model. The
tensile strength required for the breaking of skin in rats was also found
more in formula F3 as compared to F1 and F2. So it is concluded that
the ethanolic extract of leaves of Plumeria obtusa L. shows promising
wound healing activity as studied by above invivo models and 10%
(200 mg/kg BW) P. obtusa spray shows potent, better and faster wound
healing activity as compared to 2.5% (100 mg/kg BW) and 5% (50 mg/
kg BW) P. obtusa extract sprays. Hence P. obtusa spray can provide a
safe and effective application to reduce the patient suffering and im-
prove quality of life.
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