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ABSTRACT

This shrdy aims to identify the eftL.ct of,b/ocereus polyrhizus on the level of VEGFs and TGF-01 iD acut€ Wisrar

mt woudds. Male Albino Wistar ras (n = 54) l{hcs€ (25G350 g) werc dividcd into .3 groups (negativc control.

positive control, and l/ylocereus polyrhizus\. The animals were wouaded at ight and left dorsal back with an 8

mm punch bio6y. Hy'locereus po$rhizus 7.5Yo krpical cream was applied on the wound surface using a cotton

bud The VEGF and TGF-p I were evaluated with ELISA on the 3d, 76, and I 4d days. Analped using independent

t-test and paired t-tcst (SPSS 21. chicsgo Iuc -). T\e Hylocereu pof,rnrz,s group had higher levcl of VEGF and

TGF-0 | compared m positive conrol (p = 0.01 I ; r = {.584) and (p = 0.000; r = 0.888), respectively, on the l4d

day. It was fbund that there was an upward trend between the TGFS.I level and the tissue granuladon's scorc (p:

0.05I and r: 4.,166) as well as TGFfr| levels with epithelialization sco.e {p. 0.001 and r'. O.708'1in the Hylocereus

pol1,rli--ns topicat group. This study has shoqn that llylocereus po$,rhi:t]J can accelemte wound hcating during

both thc inflammation and prolifcration phasc.
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I. INTRODUCTION

There is an increase in the prtvalence ofacute wounds.

The West Wound Prevalence Survey reponed that the

prevalence of acute wounds is 49o2, pressure ulcers are

9o4, abraded wounds arc l7%, limb injuries are 4olo, burns

are l7o, malignancy is lolo and other cuts is 9%(t 
'?). 

A study

from the United Kingdom (UK) reported a higher

prevalence of acute wounds (303 from 826 peoples)

involving various fomls of a traumatic wound(:). In

Indonesi4 the prevalence of acute wounds is higher

Receivcd on 3ll3DO2O and Acceprcd foi Publicatioo on

201t012020-

(64.37o) versus chronic wounds in the home care scttinglr).

This burden prevalence of acute wounds is an emerging

issue that requires new treatrnents.

Recently, there has been a renewed interest in

complementary therapy. Although various approaches and

attempts have been made in clinics to treat acute wounds

including debridement, modern wound care dressings, and

arterial rEconstiuctior! tlcse approachas arc lcss effective

at healingl4). Meanwhile, empirical cxperience has proved

that the traditional t€ahnent in wound healing that is often

applied includes applying a sap or herbs as an anti-

bacterial and to prevent bleedingts 6t. In Indonesia, putting

honey on wounds accelerates acute wound healing{7).

Therefore, complementaq/ therapy may have a potential
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role in the wound healing process.

Red dragon fmit is a common complementary therapy

in Asia. Red dragon fruit(Hylocereus pol,vrlizrzs) conains

a variety of activ€ substaDces that can b€ uscd in both

therapeutic approaches in cardiovascular diseasc and

degenerative diseasesi6). It has many flavonoids,

pollphenols, and antioxidants(e). It also contaiff P-amyrin
(23,3%), T-sitosterol (19,3%), and octadecane (9,2%'l(ot.

To date, studies inve saigatiDig HylocereLi polyrhizus in tle
wound care setting are rare. Thus, the purpose ofthis study

was to investigats the potential of Hltlocereus polyrhizus

topical cream to accelerate the healing process of acute

wounds io Wistar rats.

MATERIAIS AND METIIODS
Preparation ofred dragon ftuit extract

Red rkagon fruit was from plantations near Samarinda,

East Kalimanta4 Indonesia. It is extracted using methanol,

and the percentage of inhibition of free radicals @PPH)

was tested. The anti-free radical activity of the red dragon

fruit and vitamin C was extracted as much as 314.69 ppm

and 3.28 ppm of ICso respectively. Every gram of red

dragon fruit contains high levels of polyphenols 1.062

GAE and 8.3 mg offlavonoid contenl A topical cream was

made with 7.5% of concentration.

Experimentd rnimds
This was an experimental study using a post-test design

with a control group design. The samples were healthy

male albino Wistar raLs (25G350 gr) from tie animal

laboratory of the Faculty of V€terinary Medicine, Gadjah

Mada University. Samples were divided into 3 groups

consisting of I E rats in each group. All groups were treated

using primary topical therapy. In Group I (control),

mbbing petrolcum jelly was applied. Group II (esablished

drug) used Bioplasentor@. Group III rused Hylocereus

polltrhizus as a topical therapy at 7.5Yo lfybcereus
polyrhizus. Later, Fixomull@ transparent film @SN
Medical) was applied s the secondary dressing. Wounds

were ther treated and sacrificed oa the 3d. 76, and 146

days. This study protrocol refers to The Comcil for

TaklirTahit et al.

International Organizations of Medical Sciences (CIOMS)

conseflsus, and this study was approved by the ethics

committee of Hasanuddin University (NO.

| 6U/t14.8.4.5.31 /PP36-KOMEIK./201 5).

Wounded procedure

Fur fiom the excision area was removed using cleam

bleach (Veet@, Reckitt Benckiser) and disinfected with

0.5% of chlorhexidne in 'lV/o alcohol under isoflwane

anesthesia (0,01 Fgy'kg 0.05 pg/kg)trtt. A circle excision

was made in the back area until the fascia profunda with

an 8-mm punch biopsyttz). The diameter of the wound

surface area of the excision of all groups was measured

using a paper ruler (Figure I).

Illstological evrluatlon of wound hcrHng

Skin tissues were fixed in formalin normal buffer

solution l0%, dehydrated in alcohol of various

concentrations (70%, 80%, Wq and absolure alcohol I

and II), clearedwith xylol, and disernbedded in paraffm(r3).

The tissue was added to liquid paraflin and was allowed to

harden. The tissue was cut with a microtome to five

microns. The sample was rehydrated and stained with

hematoxylin-eosin (HE). The thickness of the granulation

tissue (proliferation) and coffiective tissue area was

mcasured using a micrometer video fVC Japan rvith four-

tbld magnification{ra). Evaluation of rvound healing wa-s

assessed by scoring the epithelialization and the thickness

of granulation tissuerts). The epithelialization indicator

used a semi-quantitative evaluation of histological

sections('l6), where score I = displacemont cells (<50%), 2

= transfer of cells (]50%), 3 = closure of the entire

excision, 4 - closure of the endre excision score t

keratinization. Meanwhile, tlte thickness of granulation

tissue uscd a histological score{rD, where score I = slight,

2 = moderate, and3 = thick.

VEGF rnd TGF{I mersurement

Each group was measurcd with a biomarker consisting

ofVEGF and TCF-p1. The VEGF measurements used the

ELISA techniques with scrum fiom scar tissue excisions.

The VEGF measuremsnt used a mouse VECF-A euyme-
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linked immunosorbent assay (ELISA; pln

BMS6l9/2,tsMS619/2 TEN). The TGF-pl mouse ELISA

TGF-Platinum kit was p/n MBS608/44.{BS(f8/4/4 TEN

fiom Arymetrix eBioscience (Vienna, Austria).

Examination of VEGF and TGF-pl was conducted at the

Fducation l,aboratory, Hasanuddin University Hospital.

Statistical rnslysis

Data were reponed as the mean and + SD with a

significant level were set up at p < 0.05. Spearman

correlation proved the correlation between the levels of

VEGF, TGF-pl, and lengrh of treatrncnt. Data were

analyzed using SPSS software (version 2l; SPSS Inc.,

Chicago, IL, USA).

RESULTS AIID DISCUSSION

DPPH oI Hylocereus polyrhiztts

The ICso of anti-free radical activity and vitamin C of
the Hylocereus poll'rhizzs obtaincd 114.59 ppm and 3.28

ppm (Table [). The rcsults showed that each gram of the

red dragon fruit contains about E.3 mg flavonoid levels and

l0-62 mg GAE oftotal phenol content (Table II).

Table I
The percentage inhibition ofDPPH free rrdical by Hylocereus pofu hkus and ICso values.

Replication Concentrrtion(ppm) Absorbsrt yo Rctardation ICso (ppm)

Hylocercus

poly'hizus

Vitamin C

100

200

300

400

500

1.0

t.4

1.8

2.6

3.4

0.635

0.589

0.485

0.382

0.320

0.720

0.683

0.565

0.51 t

o.429

28.774

33.968

45.553

57.100

64.088

17 .67 6

2t.943

35.352

41.600

50.933

314.69

3.28

Teble II
Averege levels of polyphenols end flav onolds lt Hylocereus polyrhiars

Sample Repetition Absorbrnt Polyphenols Lerel (7o) Mean ofPolyphenols Level

Hylocereus po lltrh izus 2

3

0.24

0.233

0.236

I .090

l.ul
1.059

I _062

Sample Repetition Absorbant Flavonoids Level (o/o) Mean ofFlavonoids Lcvel

Hylocereus polvrhizus

0.074

0.074

o.074

0.830

0.830

0.830

I

2

3

0.830

VEGF level on wound healing

The Spearman correlation test evaluated the correlation

between the VEGF levels based on the length of treatment-

The VEGF levels of Hylocereus poly'hizus group increased
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between day 3 to day 7 after treatm€nt 169.17*107.54:' p:
0.01 l: r: -0.702. This declined between the 7u and 146 day

(60.34+33.70), but this was not significant (p = 1.000; r =

0.000). In addition, VEGF declined from the 3d day to the

14b day (46.17+31-26; p = 0.007; r = -0.727) indicating a

correlation between VEGF levels with the duration of
fteatment during the first week. On the contrary, \rEGF

levels declined in the second week (/ to l4s day) of
treatrnent in the Bioplasenton Sroup and increased after

tseatuent (98.23+66.73; p = 0.01 5: r = -0.6E 1 ). Meanwhile,

VEGF sigrrificantty declined bctween the 3d day

( l0?.45+55.87) to the 146 day (27.86 + 16.49) 1p = 9.000' .
: -0.874) (Table III).

Table III
Correlrtion between VEGF levels based on lenEh ofTreatment

Group
3d Dry

Mern SD

?0 Dry 7
Mean SD

146 Dry
Mean SD 3'd-7r day

Correladon

76-l4tt dry 3'd-1,16 dry
Control

Drug-Established

I[t loc er e us po $:rhiz u s

t07.45

55.19

169.1't

55.87

31.6t

107.54

55.12

66.73

33.70

27.E6

34.55

46.47

80.49

9tt,.23

60.34

16.49

21.41

31.26

{.097
0.438

-0.702'-

0.389

-0.681"'
0.000

{.874"'
4.267

4.727"'
o'dand h.t\..n VEGF l&b ),\...1d h Eth olt atea, o, t..M.Edt gn,upt wft oulrr.d u.iq SP.ntuz dteload l'p< nO',',<Aol,. "'p <o.Mt).

The VEGF levels on day 3 were higher in the

Hylocereus polyrhizus topical group (169.17 pg/g t
107.54 1E/g) as well as on day 14 (46.47 pglg + 31.26

pg,g) compared to the Bioplasenton and control groups

{27 .86 $glg+ 16.49 pglg). VECF stimulates angiogenesis,

affects epidermal wound closure and refrair, and improves

granulation tissue and wound repair quatitfts). VEGF

effectively accelerates wound closure lhat is stimulated by

angiogenesis, epithelialization, and collagen deposition{re).

This study shows that in macro, wound closure is b€tter

n the Hylocereus poly'hizus topical group than the control

and Bioplasenon group (Figure tr adnd Figure IID due to

the high levets of VEGF at each stage of wound healing.

VEGF illustrates the development of wound healing.

During the proliferation phase, VEGF appcars

approximately 3-7 days after injury in which the capillary
growth and differentiation are highest. During this period,

VEGF induces the carly stages of angiogenesis including
dilation, pemreability, migration, and prqliferation(20).

The mean VEGF levels were btgjer m the Hylocererc
pofurhizus wpical gorp ( 108.84 pg/g) on day 3-7 versus the

Bioplaserton group (-43.03 pg/g) and the conrol group

(26.96 pglg). Moreover, on day 3- 14, the mean difference in

VEGF was higher in the poly'hbus topica)

gto\p (122.70 trg/g) comparcd to the Bioplasenton (20.64

pglg) and control group (79.58 pg/g). This increase in

VEGF can predict the ocrurrence ofangiogenesis and better

epithelialization process on the wound healing process.

This study is consistent with research concluding that

the application of topical VEGF increases epithelialization

and increased matrix deposition of collagen and cell

proliferationl2r). VEGF also stimulates wound healing

through angiogenesis, ptoliferation, and

epilhelialization(20). VEGF is produced by maay types of
cells that participate in wound healing including

endothelial cells, fibroblasts, soft lissue cells, platelets,

neutrophils, and maqophages VEGF(22).

VEGF levels on day 3 were high er in the Hylocereus

po$'rhizus topical group (169.17 ltglg + 107.54 pClg) as

wetl as on day 14 (46.41 1tflg+ 31.26 pglg) compared to

the Bioplasenton and control group (27.86 ILC/E + 16.49

Fg/g). High levels of VEGF are produced during normal

wound healing. This produces a strong angiogenic

response. VECF pmtein levels tcnd to be low in
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individuals who have chronic wounds such as patients with

diabctes.

TGF{I levels of erch gmup

Levels of TGF-pl on the 3d day after teatment were

relatively similar across all groups (control group =

143-lltl2.80; Bioplasenton group : 143.43+17.69;

Hylocereus poly'hizus goup : 141.98+5.16). Thcre was

an increase (p = 0.003; r: 0.775) of TGF-p I levels on the

7s day after treamlent (control group: 161.57+23.37;

Bioplasenton group - 148.62t5.93; Hylocereus polyrhizus

group : 149.5913.98). While on the day l4o after the

treatmenl the TGF-pl level was lower in the control group

(153.8016.55: p:0.158; r : 0.435), whereas both

Ilylocereus polyrhizls and Bioplasenton group continued

to increase, and the trend was nearly identical

(178.59t36.62 and 157.53+ I1.46 pg/g).

The Spearman correlation test from the control group

showed that there was no correlation oftime of tie troatnent

(day 3, day 14) with high lwels of TGF-pl (p = 0.158, r =

0.435). The same thing also happencd in the Bioplasenton

group (p : 0.215, r : 0.38Q. Otherwise, the result in the

I$ocereus pofurhizus Boup (p = 0.0O0. r - 0.872) implies

a correlation of treatment time (day 3 or day I 4) wift high

levels ofTGF-p I . This indicated the tendency of TGF-p I to

increase over time during Hylocereus polyrhizus-gnhanced

wound healing (Table IV).

Table IV
Corrclatlon betwcen TGFp-1 levels based on Length ofTreatment

Group
3"d Day

Mean SD

7t Day

Mean SI)

146 Day

Mern SD 3'd-'/$ dry
Correlation

76-l4t dey 3'd-14d dey

Control

Drug-Established

12.80

t7.69

5.t6

23.37

5.93

3.98

151.80

r57_53

r78.59

6.55

r 1.46

36_62

167 .57

t48.62

t49.59

0.676"

0,048

0.755"

-0.314

0.459

0.775"

0.435

0.386

0.872"'Hyloce reus polyrhbus
Cotulotior b.teEn fCFl-, l*b botcd od l.ngth q{ tat nat at rtw diltut a,tupt tue Mrad si,E spcM @ftetotktn ep < 0.05. ..p .:o_ot . atd ..., < 0.u t )

granulation tissue and epithelialization tissue in the Wistar

Non-DM group compared wiih the DM Wistar, so red

dragon fruit extract potential to be used as a tierapy in

wound healingia).

In the epithelialization score, the Spearman correladon

tesling between the TGFp-l level with epithelialization

shows that there is a correlation witb Hylocereus

polrhizus topical group (p: 0.001 and r: 0.70E), while in
the control group and Bioplasenton group, wc found no

correlation between the TGFp-l level with the

cpitbelia.lization score (p: 0.0?5 and r: 0.429; andp: 0-651

r: 0.127), respectively (Table !').

-79 -

143.1r

143.43

t41.98

Correledon of TGF [], grenuladon scor€, lnd
epith€li.[zrtlon score

Spearman correlation testing between the TGFpJ
Ieve[ with the tissue granulation score showed a correlation

in lhe Hylocerans polyrhizus topical group that there is a

tendency io improves tissue granulation (p: 0.051 and r: -
0.466); the control group and the Bioplasenton group

showed no correlation between the TGFp-l level with
tissue granulation's score (p: 0.498 and r: 0.171) and (p:

0.890 8nd r: 0.035), respectively.

Alother research related use of topical concentration

red dragon fluit exFact 7.5% proved better in repairing the
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Table V

Th€ correlrtion b€tween TGF p-l and grenulation, TGf [-l
and epithelialization based on different groups.

Group
TGF F-l end Grrnulstlon

r*p
TGF P-l and Eplth ellellzatlon

r*p
Conrol

Bioplasenton

Hylocereus polyrhizus

0.171

0.035

4.466

0.498

0.890

0.051

0.127

o.429

0.708

0.615

0.075

0.001

TGF-pl level on wound healing

The resulls showed that TGF-PI undergoes variatious

in the increased valuc in each group, but it increases the

TGF-BI on day 3 (inflammatory phase). This does not

show a significant differ€nce. The average levcls ofTGF-

0l increased in the Bioplasenton goup (143.43 pg/g), This

was slightly lowcr than the Hylocereus polythizus topical

group (141.98 pglg) compared to the control group

(143.1 I pg/g). On the l4't day, the average levets ofTGF-
p I decreased significantly in the control group (6.55 pg/g)

and the Bioplasenton group (11.46 pg/g) versus the

Hylocereus poly'hizw topical group (36.62 pglg).

Thc presence of TGF-p in the granulaaion tissues is

important for efficient wound healing because TGF-pl

stimulates angiogenesis, hbroblast proliferation,

differentiation of myofibroblasts, and matrix deposition.

Moreover, TGF-pl also plays au essential role in the thrse

phases ofwound healing: inflammation, proliferation, and

mahration. Bcsides, hemostasis can be dehned as a

blockage of bleeding after injury, and it is involved in

vasoconstriction, platelet collection, and blood

coagulationr24l.

The TGF-pl increascs the angiogenic propenies ofthe
endothelial source cells to facilitate blood supply to the

injured area and stimu.late fibroblast contmction for wound

closure(25). Hylocereus polyrhbu.s can increase the

formation of fibroblast tissue. ThoTGF-Pl is higher in
Hylocereus polyrhizus than the Bioplasenton group and

the control group. The results show lhat the Hylocereus

polyrhizus topical group has a pvalue = 0.000 implying

that lhere is a correlation to trea[nent time (day 3, day 14)

with high lwcls of TGF+I G: 0.872).

Hylocereus polyrhizus also has a good effect on wound

healing during the granulation phase. The resuls indicate

that the granulation score of the Hylocereus poly'hi;us

topical group catcgorics of thickness was 5070 on day 3,

33.3Yo on day 7, and V/o on day 14. A Kruskal-Waliis

statistical test indicated that p = 0.026 which means that

there are differences in the granulation score of the

Hylocereus polyrhizts topical group based on thre (day 3 ,

dzy 1, day l4).

In the maturation phase of wound healing , Hylocereus

potyrhizus can nicely epithelialize. The wound closure on

day 14 in the Hylocereus poly'hizns grotp was kemtinized

in one of the rats. The Kruskal-Wallis statistical tesr

showed p = 0.002, which means that there is a differsnce

in the epithelializ-ati ot score of the Hylocereus polyrhizus

topical group as a function of time (day 3, day 7, day l4).

Sevcral studies have been conducted using similar

active substances (polyphenolics) with the same content as

dragon fruit in the tseatsnent of wormd healing in rats with

induced a[[owance(26). Similar observations have also been

done on lhe effect of dragon fruit extract as a topical cream

for granulation tissue. This supports collagen growth

because it contains hexosamin€ tiat can accelerate the

wound healing processr:il.

CONCLUSION

Hylocereus polyrhizus topical (7.570) increases VEGF

-80-
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levels in the inflammatory phasc and increases the levels

ofTGF-pl in the proliferative phase. The level ofTGF-pl

have a tendency improves tissue granulation and

l. Mccosker, L., Tulleners, R-, Cheng, Q., Rohmcr, S., Pacell4

T., Crraves, N., & Pace[a, R Ctrcnic wfln& in Austalia: a

syst€matic review of kry epidemiological and clinical

prlralll,tlrrrs. htsnatiorul Wowd Jouna|.20l8: l6:8495.

2. Gucst, J. F., Ayoub, N., Mcllwraitr, T., Uchegbu I., Gerrish,

A., Weidlich, D., Vowden. K., & Vowden. P- Health

ecqromic burden that differerrt worltrd types inpce on the

UK's National Heahh Sfryice. Interrational'Wound Joymol.

2Ol7i 14:322-330.

3. Yusuf, S., Kasim, S., Okuwa, M. & Sugan4 J. Dcvclopment

ofan enterostqra! the!'apy nurse outpatient wound clinic in

lndonesia; a rElrospoclive descriptive mrdy. Wound Procl.

Res. 2Ol3,. 2l:4147 .

,1. LobmaorL R, Schulu, C. & t4hne4 H. Protcascs, and

diabctic foot syn&onre: nrcchanisrns and thcrapcutic

i1t4rlications. Di.zDerer Core. 2Ol5 28:461-? I .

5. Shara4 S., lbangapadsrr1 R. L. & Msheshwari, R K
Phytochcrricals ir wound healng. Adv. Wound Core.2O16;

51210-24.

6. Rub€n F. Pereira, P. J- B. Traditiooal Therapics for Skin

Wound Hcaling.,ldr. Wound care. 2016;' 5:2O*-229.

7. Haryanto e, a/. Eff€ctiv@ess of Indonesian honey on the

acceleration of cutancous wound healing: an Experimental

sfidy in mice. Touzdr. 2012; 24: I I G l 19.

8. AMuelkarEm, A., Dad4 M. & Sharif., S. The provision of
wound management scrvice by commrurity pharnuciss in

Dubai, Unated Arab Emirate. Jordan Jouraal o!'

Phannceutical Sience. 2O12;, 5:1 94202.

9. Ramli, N. S., Brown, L., Tsmail, P. & Rahmd, A. Effecis of
red prhya juice supplernentation on cardiovascular and

hepatic changes in high{a6ohydrate, high-fat diel-induced

metabolic syndrclrE i, [s. BMC Conplenenl ,4ltern. Med.

2014; 14, 189.

epithelialization. Topical ltylocereus polyrhins 1 .5% has

the same pot€ntial as Bioplasenton during woutrd healing.

10. Sim Choo, W., & Kiing Yong W. Antioxidant properties of

two species of Hylocersus fittils. Advances in Applied

Science Res earch. 2Ol I | 2:418_4.?5.

I l. l,uo, H., Cai, Y-, Peng, 2., Lru T. & Yang S. Chemical

cornposition ad in vito er.aluation of rhe rytotoxic and

antioxidant activities of supercritical carbon dioxide exu'acts

ofpitaya (dragor iiuit)p@|. Chern. CeiL J. 20l8i 8.

12. Masoko, P., Picard, J. & Eloff. J. N. The Use ofa Rat Model

to Evaluate the in Vivo Toxicity and Woud Healing

Activity of Selected Combr€rum and Teminalia

(Comb,retac€ae) Species Extracts. Ouderstep(n,t J.

Veterinoty. 2010; 71 :l-7 .

13. Prestes, Mano€l Albero, C. et al Wound healhg using ionic

silver dressing and nonocrystalline silva drcssing in raa I

Cicatrizagno de f'cridas em raros utilizando curativos com

prat8 i6nica e nflo€aislalil].a l. Acta Cir. grus.2012,27:76I-

761.

14. Wn, G., Ma, X., Fa& L., Gao, Y., Deo& H., & Wang, Y.

Accclaating dermal wound healing and mitigating excessive

scar formation using LBL modified nanofibmus mats.

Materials and Design.2O2O; II5.
15. Abdrllah B. ,-, Alasoy, N., & Omer, A. K Evaluate the

ef€cts ofplatelet rich plasma (PRP) and zinc oxide oinhncnt

on skin wormd healing. .4zzals oI Medicnrc atd Swge4'.

2Ol9:37:3O-3?.

16. Piskia A-, Altmkaynalg B. 2., TtimentEmur, G., Kaplan, S.,

Yazici, 6. 8., & Hokelek, M. The beneficial effecrs of
Momordica charantia (bittcr gourd) on wound healing of
rabbit shn. Journol of Damatological Treaatent. 2014:'

25:35O-357 .

17. Sami, D. G., Heiba" H. E, & Abdellatif, A Wound healing

models: A systernatic rBview of animal and non-animal

trodels. Wound M edicine. 2Ol9; 24:.8-17.

18. Perini, J. A., Angeti"Gamba. T.. Alessandra-Perini, J.,

F€ireir4 L. C., Nasciutti. L. 8., & Machado, D. E. Topical

-81 -

REFERENCES


