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Abstract

Background Babassu (Orbignya phalerata Mart)) is a palm tree well distributed in Latin America, whose fruit
has a mesocarp and kernel used for human feeding, and empirically related to the treatment of gastritis, vaginitis,
and wound healing.

Main body of the abstract The activities attributed to babassu can guide new research on health applications

and, for this reason, this study aimed to report in vitro and in vivo biological activities of O. phalerata constituents
through a systematic review. Searches terms were applied in five world databases and the data from the publications
were collected according to PICOS criteria, including the fruit component, concentration/dose, time of exposure,

and comparative groups. All outcomes were reported and the most relevant outcomes were described by a narrative
synthesis and a risk of bias assessment. A total of 28 in vitro (n=15) and in vivo (n=11) studies were included, and two
showed both experimental designs. The studies were heterogeneous, with the predominance of metabolic analysis,
wound and peptic ulcer healing, besides in vivo toxicity, among others. For in vitro analysis, antioxidant tests, cell
viability and antimicrobial activity predominated. All in vivo ones used rodents. Meanwhile, tumor and non-tumor cell
lines, bacteria strains, Leishmania amazonensis, Artemia salina, and antioxidant reactions were considered for in vitro
protocols.

Short conclusion The most frequent applications included mesocarp and kernel in a wide range of extracts, emul-
sions, and concentrations. Their low in vitro lethality and cytotoxicity, and no acute toxicity in vivo open possibilities
for the development of long-term toxicity assays with repeated doses in rodents and interventions in clinical trials.
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Background

Orbignya phalerata Mart. (syn. Attalea speciosa), belong-
ing to the Arecaceae family, is a palm tree well distributed
in different biomes in Latin America, such as Amazon
rainforest, Atlantic forest, and especially in Cerrado and
Caatinga, and popularly known as Babassu, uauagu, and
catolé [1]. The genus Orbignya has more than 20 species,
but the binomial nomenclature Orbignya phalerata Mart.
was adopted by this review because it is the most used
and recent in the bibliography consulted (Fig. 1). Its fruit
is generally completely used, but only its mesocarp and
kernel are edible. The studies related to babassu describe
about the mesocarp and/or the kernel, mainly. The first
is used in cosmetics industry [2] and the mesocarp flour
has been empirically consumed for the treatment of gas-
tritis, vaginitis, and topically as wound healing [3].

Plant species are continuously studied about their
potential developing new drugs and products based
on the diverse biological activities and pharmaceutical
properties, mainly influenced by primary and second-
ary plant metabolites. Primary constituents, such as
fatty acids, carbohydrates, and amino acids, are cru-
cial macromolecules aiding plant survival and struc-
tural development. Meanwhile, secondary metabolites,

derived from primary metabolism, play key roles in
physiological processes and act as a defense mechanism
against biological or chemical agents, such as polyphe-
nols, which are one of the most common types of bio-
active compounds, including the flavonoids catechin,
epicatechin, proanthocyanidin, and others, all capable
of scavenging or neutralizing reactive or radical species
[4], which explains, at least in part, their antioxidant,
anti-inflammatory, and antimicrobial properties, to
name a few [5].

Among the edible parts of babassu, the kernel stands
out for its elevated concentrations of fatty acids, pri-
marily lauric acid (12:0; 46.89%), myristic acid (C14:0;
16.95%), and oleic acid (C18:1; 13.54%) [6—8]. Conversely,
the mesocarp flour is a source of energy (1375 kJ/100 g),
complex carbohydrates (79.19%), potassium (3.62%),
magnesium (0.39%), phosphorus (0.35%), and a small
content of protein (1.41%) [9].

In human metabolism, while carbohydrates are an
energy source, flavonoids act as scavenger molecules.
Simultaneously, fatty acids not only contribute to caloric
supply but also play specific roles such as bactericidal
[10]. Regarding the total phenolic compounds in the
mesocarp (558.87 mg/100 g), the most important among
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Fig. 1 Parts of Orbignya phalerata Mart. a palm; b whole fruit; c cross section. Source: personal archives

Table 1 Flavonoids from mesocarp extracted by organic

solvents

Extract Flavonoid Content References

Hydroethanolic ~ Catechin 8.02—8.22° [62]
Epicatechin 14.17—15.26°

Agqueous Catechin 028088 ug/g°  [63]
Epicatechin na® 29.61 ug/g°

Ethyl acetate Epicatechin 18.4° [35]
Dimer 17.7°
Trimer 23.8°
Tetramer 18.0°

Hydroethanolic ~ Proanthocyanidin ~ 421.7 mg CE/g [35]

Ethyl acetate Proanthocyanidin ~ 335.6 mg CE/g [35]

2 Retention time in minuts (HPLC or spectrophotometry)
b Before in vitro digestion (spectrophotometry)

¢ After in vitro digestion (spectrophotometry)

na not available, CE catechin equivalents

them are the flavonoids extracted by organic solvents [9]
(Table 1).

Preclinical trials have elucidated the biological effects
of babassu crude components and its extracts. However,
there is no evidence of compiled findings in a systematic

Table 2 Eligibility criteria according to PICOS

review. Therefore, this study reported in vivo and in vitro
biological activities of O. phalerata constituents in order
to contribute to the development of original studies and
applications for health care and research.

Main text
Methods
This systematic review was conducted according to
PRISMA guidelines [11] (Preferred Reporting Items for
Systematic Reviews and Meta-Analyzes) and registered
in PROSPERO [12] (International Prospective Register of
Systematic Reviews, registration n° CRD 42022302309).

Publications eligibility was established based on the
guiding question “Do different parts of babassu contain
compounds capable of exerting biological effects in vivo
and/or in vitro?” and PICOS criteria [P: Population; I:
Intervention; C: Comparator; O: Outcome; S: Study]
(Table 2). Only original articles from indexed journals
were eligible, with no limitation of period or language.
All publications from gray literature or not fully pub-
lished articles were excluded.

For animal model studies, topical, intraperitoneal, par-
enteral, or rectal interventions were excluded. To be con-
sidered, both in vivo and in vitro designs should clearly

In vivo

In vitro

P Experimental strains of any sex, age, and weight

I Oral or gavage offering of crude or processed babassu components

or isolated extracted compounds

C Positive, negative, and/or parallel control
@) Favorable or unfavorable biological effects, local or systemic, acute
or chronic

S In vivo experimental studies

Tumor and non-tumor cell lines and/or microorganism strains, and/
or chemical assays

Assays with crude or processed babassu components or isolated
extracted compounds

Positive, negative, and/or parallel control

Favorable or unfavorable biological effects for/against pathogenic
or non-pathogenic microorganisms, cell lines, or chemical reactions

In vitro experimental studies
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describe the type of substance, concentration, and inter-
vention period, at least for the main outcome.

Data sources, searches and studies selection

Explorations in the LILACS [13], SciELO [14], Sci-
ence Direct [15], Web of Science [16], and PubMed [17]
databases were performed by search terms registered in
MeSH, combined by AND and OR Boolean operators
(Table 3) during April 1st to April 7th, 2022 and again on
March 24th, 2022 to update indexes. The searches were
exported to Rayyan for prior systematization and metrics
[18].

Initially, the studies were screened using the title and
abstract (by ND and I0C), independently. Those consid-
ered eligible were read in full (ND, IOC) and references
were kept for possible inclusion if they met the criteria.
Disagreements were solved by consensus and, when nec-
essary, a third researcher (JMCS) was consulted.

Data extraction and description of results

Data extraction included authors, publication vyear,
title, locality, and study design. For in vivo publications,
characteristics of the population were collected and for
in vitro assays, cell lines, strain, and/or chemical reac-
tions were described. Interventions included fruit part
and its product, concentration, time of exposure, and
comparative groups. Favorable or unfavorable outcomes
were reported, as well as the most relevant assessment
instruments and results. The compiled data were organ-
ized into tables, facilitating a comprehensive narrative
synthesis and outcomes comparison, when applicable.
Values were expressed as mean and standard deviation,
when available, and compared with control and/or par-
allel groups. Results were considered significant when
p<0.05.

Risk of bias assessment

The risk of bias assessment for in vivo experiments was
carried out independently by ND and IOC using the
SYRCLE Risk of Bias Tool and the individual results were
compared between ten domains distributed in six biases
(selection, performance, detection, attrition, reporting,
and other bias). Each domain was defined as “yes” (low

Table 3 Search terms and Boolean operators
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risk of bias), “no” (high risk of bias), or “unclear” (uncer-
tain risk) [19].

For in vitro analysis, the tool developed by the World
Cancer Research Fund/University of Bristol was used
with adaptations [20]. Each of the six questions was
answered with “yes” (low risk of bias), “no” (high risk of
bias), “not clear” if details were not recorded properly, or
“not applicable” Risk of bias analysis was recorded indi-
vidually by study and by domain. Inter-rater reliability
was determined by Cohen’s kappa coefficient [21].

Results

Search results and study characteristics

Figure 2 highlights the study selection process. Initially,
424 publications were identified, of which 146 were
duplicated ones and removed automatically. A total of
278 articles were eligible by the title and abstract, but
only 23 were selected for full-text review and 15 of them
met the inclusion criteria. On the other hand, 13 arti-
cles not included by unidentifiable reasons in the initial
search were included.

According to the included reports, 39.3% (n=11) refer
exclusively to in vivo (Table 4) and 53.6% (n=15) to
in vitro assays (Table 5). Moreover, two articles showed
both experimental designs and, for this reason, were
described in both tables [22, 23]. Regardless of the tax-
onomy mentioned in the publications (Orbignya phaler-
ata, O. martiana, O. speciosa, or Attalea speciosa), only
the articles of Gaitan et al. [22] and Hovorkova et al. [8]
are not from Brazil, suggesting great interest about the
plant and fruits in the Brazilian scenario. In preclinical
interventions with animals, metabolic analysis and toxic-
ity predominated (Fig. 3A), while in vitro assays highlight
antioxidant tests (Fig. 3B).

Risk of bias assessment

Individual and for each domain in vivo

SYRCLE RoB Tool identified 130 entries distributed in
ten domains for each one of the 13 studies (Table 6). It
was found uncertain risk or inappropriate records in 80
entries (81.54%), low risk was present in 45 (34.61%) and
high risk in five studies (3.85%). The average agreement
by Cohen’s kappa was 0.53 (68%), classified as intermedi-
ate to good [21].

Search term 1

Search term 2

Orbignya phalerata AND
OR

Attalea speciosa

Polyphenols OR Phytochemicals
Antioxidants OR Free Radicals OR Reactive Species OR Oxidative Stress

Anti-inflammatory Agents OR Antimicrobial OR Antineoplasic Agents
OR Cytotoxicity OR Immunomodulating Agents
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Identification of studies via databases and registers

Records identified:
H LILACS (n = 25)
® PubMed (n = 6)
P Science Direct (n = 159)
b= Web of Science (n = 138)
§ SciELO (n = 96)
Total (n = 424)
— !
Records eligible for title and abstract
reading (n = 278)
(=)
(=
=
(<]
o
?
Records screened (n = 23)
Reports sought for retrieval (n = 13)
Total (n = 36)
l
s Screened reports included (n = 15)
3 Retrieved reports included (n = 13)
>
2 Total (n = 28)

Fig. 2 Screening flow diagram based on The PRISMA 2020 Statement [11]

Uncertain risk prevailed for the domains related to
sequence generation, allocation concealment, random
housing, and random outcome assessment (Fig. 4). There
was no record of uncertain risk related to selective out-
come reporting. In the domain related to other sources
of bias, only one entry was registered due to the lack of
clearness if the same animals or distinct animals were
submitted to the different tests and if there was no con-
tamination by the induction of some substance used in
control groups [24].

The analysis of the effective risk of bias revealed a higher
frequency of low risk in baseline characteristics (92.3%
of entries for the domain), selective outcome reporting,
and other sources of bias (84.61% for both). Low risk was
evidenced due to the appropriate description regarding
the specificities of the animals. As well as for high risk of
bias, specific analysis indicates that the circumstances in
the intervention route were not similar in all groups [23],
and there was animal loss with unknown reason, groups
equalization, and randomization of the final sample [25].

Duplicated records automatically
removed by Rayyan before
screening (n = 146)

Records excluded:

Duplicated (n = 32)

Other publication type (n = 61)
Other interventions (n = 25)

Other experiment design (n = 115)
Other outcomes (n = 20)

Other population (n = 2)

Reports excluded:

Not available in full-text (n = 2)
Other publications (n = 2)

Other experiment design (n = 3)
Other interventions (n = 1)

Besides that, some primary outcomes were not showed
(26, 27].

Individual and for each domain in vitro

The analysis of 17 studies checked 102 entries divided
into six questions (Table 7). There was a predominance of
low risk of bias by adequate methods reporting (65.69%),
high risk in eight (7.84%), and uncertain risk in seven
studies (6.86%). The average agreement by Cohen’s kappa
was 0.39 (51.96%), classified as low [21].

The most detailed and complete descriptions were seen
in antimicrobial evaluation of hydrolyzed kernel lipid
emulsion in strains of pathogenic and commensal micro-
organisms [8], kernel oil in pathogenic strains [10], and
mesocarp with epicarp methanolic extract in viability,
changes in morphology, and metabolism in different cell
lines [28].

The high risk of bias was highlighted by the use of a sin-
gle organism and the mean values of primary outcomes
have not been presented [29]. Nine studies (47.05%)



Page 6 of 22

(2024) 10:11

Debia et al. Future Journal of Pharmaceutical Sciences

9/19£5D U11dadx3

'SUIBJIS [[B Ul N 4 ‘SeddH/HED Ul 4 pue

VgD Ul D] | 's]|92 Asejinpawl ul sabueypd ou
/g7 PUe SedSH/HED Ul 5|32 d1u3|ds 4

A1I21X01 81N 1I3AO0 OU ‘BUIYILM 4
‘asuodsal 91e|d-104 UO 12943 1uedyIubIS ou
‘|011u02 eIxalAd pue swil Bulpss|g uo
$1094J9 OU ‘uonielbiu 31A00%N3| UO DU
-nyul ou 4N didad Jo aduasqe 'sAep

U18 pUe U1/ UO SIIIYLIR Ul BUISPS 4 'eWO|N
-uelb 4 ‘uononpul ueusabelied Ja)e ewispa
Alorewiweyul 81nde 1uspusdap-asop 4

SddM pue Iy Ul LA+ LI/ Iz,

onel | 1A+ LI Se % SUIPOl 4 [Sdd) pue
IV Ul 9 suipol dluebiour | ‘dnoib
JvW B 9L Ul xeidn aulpol 4 [Sddy pue
IV 10§ S109443 plosAyinue 1dURsIq
B%/6w 0001 Ul O] | ‘sdnoib

[e ureaun | ‘sdnoub 6x/6w 0p0s pue
000€ Ul 4T¥ | ‘2uluneasd 1o ‘3] ‘9s0n|6
‘sabueyd |elojaeyR(q Jo [e2160]0INau ‘sno
-3urIND OU Ayblam Apoq Ul aseaidul
JUeDLIUDIS OU !SARD 17| 191)e Sy1eap ON

9-11 pue ‘L] "0-4N L Ul s9bueyd

JuedYIUBIS OU 9SOP 1SOMO] Ul UOISaype 214D
-03N3| 4 '$950p JaYBIy Ul aulWelsly Jaie A1l
-ligeswlad JejndseAoidiw padunouoid ssaj
'350P 159MO| Ul Se3)| | 's950p Jaybly Ul uols
-njadai BuLINp $3es| PadNPUI-BILUBLDS! 4

DD 02UQ AQ pa1eAlIde A|SNo

-1n2.4d sabeydoioew [esuoiiad Ag UoRdINP
-01d ON | “Jequinu s1sja1e(d Ul sebueyd ou
‘LLde pue ‘|4 | ‘SIsogquioiy) pasnpul 4

shep o¢ ‘Aep/Bx/Bw 0 Iy

skep ¢ 10} (Buipa3)q) (YN)

950P Y frg/souill € (91epNnxa) (YN) 950P
‘(Auo1x01) b3/6 01 dn ‘asop a|buls e ul
(e1xauAd) ‘sKep | 10j (490]N) sAep 0| 104
(ShuyuIe) ‘shep / 1o} (ewojnuelh) by
/Bw 05z ‘2sop 91buls e ul (buiyim
‘1e|d-10y ‘UeusabRIIRD) BY/BW 057 ‘B
/bW 67| 10e11%3 DIUWI0J0I0|yD dIed0SaN

asop 31buls (6 7) SddX pue (6 91) IV

950p 3|buls
63/6W 0008 ‘Bw 000€ BW 0001 FIW

skep v| ‘Aep/adimy
[W 810 ‘JW 900 ‘W 200 +|10 [9UIDY 9pniD

sKep Opz :Aep
/B3/BW 00S ‘uoin|os snosnbe diedosa|y

sisAjeue [j92
d1us|ds pue AJej|npaul :A1IDIX010UNWIW|
‘sisAjeue eain pue D) :9|yoid pidijodA|D

Y g/ Jaye A1dixol
91NDE pIDe D198 AQ PadNPUI BUlylIM
‘asuodsal aAlsod aiejd-104 eisabjeuy

‘exalAd pasnpul-apisin2Ia2 °§ DaIAdiuy
'S1Se1S0WRY JO SUIY PUB ‘UISA D1ISIUS
-SaW e Ul ain3dundoidiu ‘uswopge ay3
Bujuado Jaye swin buipss|q :uonenbeod
“JUSWISSISSE UOISI| D11SeDH :S1Sauaboiad|n
‘uonelbiu 2145033 Aq 91epnxa Alojew
-WEJul padnpul-ueudabelled 'siskjeue
eWaPa pue med Ul snuyLie pasnpul
-9pAyap|ew.o) Bulyblam pue [eArouwl
19||od "ewionuelb padnpul-lue|dul

19]]2d UO110D SNOBURINDQYNS ‘SISAjeUR
PUWISPS pue Med Ul uolewwelul paonpul
-ueud3beIIeD 109)3 AI01RWIWEUI-IUY

aNss) ploJAya Ul

Buiidnod 11+ 1IN Aqg sisAjeue uonedy
-luebio pue axyeydn |, |, eN bg-d1'y |
J3)Jy "9{e1ul 91NDE Sddy PuR J¥IN 121p You
-9UIPOI JO Aep/BdW 1 10944 PloIAYIIUY

sisAjeue D] D1 dv ‘duiunesin

‘e3ln '2500nN|6 ‘ulelq pue ‘Asuply ‘uss|ds
"I9Al| ‘1eay 4o sisAjeue [ed1b60j01sIy pue
"S1dodsoinew 1yblam :A11D1xol 91Ny

sisAjeue p-4N pue

'9-11 " 1711 {pa1dadde d1is/ses| 0L ueyl
$s97 "uonedljdde |esidoy aujwess|y ‘uols
-n}1adal JaYy "UORdNPUI BILUSYDS] J1je
yonod 323yd uj uoisaype 1450y

-N3| pue Ayjigeawlad Jejndsjowoide|y
SISAleue | | 4e pue ‘|4 ‘s3aja1eld is|jod
|esuoiad Ul uonoNpul ON o) uondaful
DHDg 02UQ ‘UOISUIX3 pue Aduanbaly sis
023U JO UOIIBN[BAS ‘SISOGUIOIY) Padnpul
-Ueu33be1IeD 1103} dOqUIoIYIIUY

1yblam o'm / {(Asimeg-anbeids) ajewa

“O'M Q| —/ {(SnIDIND SNJAOLID0SAYY) SJBIN

0L=U'60E-0¢ "OM 1-8(9/19/5D
'SedeoH/HED VD '¢/ved 2/91ve) olew

[6€] 1213 o11ayulg

88=U b 05 ‘(VYN) abe
(ssims) ajeway pue djep /0L =u b oce
-081 ‘(VYN) 9be {(1eIsipn) ojewa)/sle N

['c] oey pue eley

ST=U(¥N)
[¢¢) 1212 ueen

oy=u

16 G7 rOM 71 -8 (SeddH/HED) 3lewial/ale  [£2] e 19 outanboueg

6e=uboyl-zcL
[97] '|e 19 esoqueg

07=U B Gz-07 *oM 71-8(9/19/5D) 3B [L¥] 18 1o opanszy

synsa. uiepy

ainsodxa jo swn
‘awnjon/asop ‘yuauodwod vypiapyd ‘0

SPOY1aW/UOIIUBAIDIU|

dnouib/u ‘yyb1am ‘abe ‘ujeiys xag

LERTEYETEN]

S31PN1S OAIA U JO S} NSaJ UleUd pue 'Spoylall ‘UOIIUSAISIUI 'SD1ISH1DRIRYD QUlaseg {7 ajgel



Page 7 of 22

(2024) 10:11

Debia et al. Future Journal of Pharmaceutical Sciences

Aianoe
onAdobeyd | ‘Aijigeswiiad Jejnosea 4

ob| pue

W] ulnsul-nue ur ssbueyd uedyiubls ou
‘NBI 4 “Aep ya0€g uo 8500N|6 4 ‘YIS J)e
1 pue Aep y10g 01 07 Wolj 1ybram |,

W 60 F €€ JVIN JO eIl obesane Ajleq

Aep yiy| uo

sissuaboibue pue uonsabuod 4 ‘Aep

41/ 343 uo sisauabolbue pue ‘uonsabuod
'$91A003N3| Je3|INUOUOW 3I9ASS/91RISPOU
‘Aep 15|z uo adualaype || apelb | ‘suon
-e2]|dW0d 1310 JO 98|NiSy ‘92UaSIYSp ON

1591 POJE1OJ A1 UO
QWi Bulurewas Ul 1o sbuissoid Jo aq
-winu ay1 Ui sabueyd uedyiubis oN

Kep

YL 341 UO uonisodap usbel|0d pue ‘uon
-eJayljoid 1se|qoIqy ‘sisauabolbue ‘uonsab
-U02 ‘s81A003Nn3| JeapnuoydiowAjod 4 1sa)
UOIIBJNSUl J21Je W JISA0 2unssaid 1sing

A 'S[ewiue 31 JO 9500 | Ul Aep 1S ay) uo
9dUalaype || apeib ‘Aep yiz uo el | ul (|||
opelb) |lem [eulwiopge ay1 01 bullaype 1o
-U1IM ‘UoIsaype peaidsapim !ssadsae ‘ewol
-BWI9BY ‘92UD5IYSpP ‘UONDSJUI JO 92USpP
-IA9 OU ‘S|ewljue ||e ul buleay a1enbapy

sAep G 10}
(JW1) Aep/B3t/Bw 0 ‘@sop o[buls (31v) B
/Bui 00| ‘uedn|b-o paiejos diedosay

skep 0z | ‘Aep/Bw 99 abeiaAe ‘JyIN

2s0p a|buls ‘Bx/6w 0S ‘JyN

asop 9|buls !B%/6 € ‘711 ‘AYIN

skep 1z 'y '/ 1kep/By/Bw 05 FYW

WU 099 1e UOI1eUIUIIS1ap 9dUeqlosge pue
£0DC%N ul paAjossip a|dules poojg
“uondaful uogied [eploj|od Ag ALARDR DAD
-obeyd !A11ned jesuoiiiad ayi ul siskjleue
387 Aljigeswad JejndseA padnpul-pioe
opade 'd'| pue anjq sueAj | pue 31y

sa1poque ujngolb

-ounwiui-iue yum (W6 by seipognue
|BIO} PUB ‘S3IpOg U B UlNSul-iue
‘Aep 30T L PUe ‘4306 'Y30€ ‘0 UO SisAjeue
9500n|6 poojq ‘bulybiam 'skep 9 10y
9ye1Ul POO) PUE J91eM ‘1DB.IXS JO 3be
-19/e [eNPIAIPUI :$313GERIP JO 19SUQ
SIS0IgY pue ‘sissuabolbue

's91A003n3| JeappnuoydiowAjod pue
ouow Jo 92uasald "eWwapa ‘Uopsabuod JO

SisAjeue ‘133 UOIBIYNSUL JIe WN3)|| [2ujw)

{(Uoisaype pue ‘ae[n1sy ‘UoIDUI ‘Uol
-39|02) SISA|eue AJIARD [eUILIOPGE (2§
-NISY pUE 'eUIOIRWISRY ‘9DUIDSIYIP ‘Uol
-d3ul) sisAjeue punom ‘buiybiam jeuwliuy
'SAep 1517 PUe ‘Y| Y1/ Uo elseueying
"U0J02 34} JO UONBZIIOLIXS U AUIO0IO)
-ede| Ag Aydey11023> :buljeay d1uojoD)
(NdY

6185 081) 1591 POJLIOI UO W} Bululewsal
:UOI1eUIPIO0D J0JOW 96D AlIANDE Ul
sBUISSOID [e10] :ALIAIIDE JOJOUI0D0T]

uonisodap

uabejj0d pue ‘sisoiqy ‘sissusbolbue ‘s914d
-0xna| JeappnuoydiowA|od pue ouow Jo
9ouasaud ‘ewaPa ‘sisAjeue UONSIBUOD
JB|NdSeA 1159) UONEJNSUI Il WIN3|! [eulu
-J31(90UaIaype pue ‘ae|N1sy ‘Uondu
'U011D3]|0) UOIBN[BAS ALIARD [EUILIOPGR
{(2€|N1SY pur’BWOleWdRY ‘DDUIISIYSP
'Uonda4UI) UonEeNeAS punom d1dods
-01oeW ‘ABP 1S 7 PUB ‘Yl | Y1/ UO BIS
-eurYINS pue HBULIOLUO|A 'UOIPZIIONSIXD
wn2ad yum Awololede| :buljeay punopp

SL=u'60¢-GL (VN) 9be (5/g1vg) 3leN

SZ=Uub ge-67OMTL
(YN UIBJIS) 921U 3|eW D1130eIp 95900-UON

75 =Uu'(be
-19/AR) B 9'G/7 "O'M G'g—/ {(IEISIM) B[R

87=U6 0€-57 "O'M B (SSIMS) 3[BY

yS=u
‘(obesane) b €1 /7 {(¥N) 268 ‘(1e1sIpn) 91BN

(0] ualed pue enjis

[Scl e eAlIS

(F2ZNERERAN

(Y4 RERERAI

ISZNEREECIEERS

s}|nsal ule|y

ainsodxa jo awn
‘awnjoa/asop ‘Jusauodwod ppiapyd ‘0

SPOY13W/UOIIUSAISIU]

dnoub/u ybiom ‘abe ‘ureys xas

S9dUJ9)oY

(panunuod) ¢ ajqey



Page 8 of 22

(2024) 10:11

Debia et al. Future Journal of Pharmaceutical Sciences

PIO S}99M ‘O'M ‘101DB) SISOIBU [eJowiny D-4N ‘s91kdoydwA| Jad|ay | Y] ‘sopladA|Bul 9y ‘|0I91sajoyd [e101 D] ‘dINuiw
J1ad suonelol pgy ‘awn uiquiosyioid 4 ‘SPIX0 JLIU ON ‘3|qe|IeAR 10U BIep (N ‘DuisoIA10polouow [y ‘Bululel) 3dUeISISaI YIM PauIquiod 1DeI1xa snoanbe diedosaw 1 ¥/7yy 1oe11xa snoanbe diedosaw vy ‘utsroidod)
Asusp-mo| 77 ‘unis yum aised passaid [auId) Sddy ‘|esuoiiadenul ‘d’ ‘s109)9 A1ole[npowounwiwil Jpy) ‘UnalRlul 7/ ‘I ulngojbounwiwi by ‘o ulingojbounwwi 56 ‘uidioidodi) Aususp-ybiy 1gH ‘duisolkiopolp 1/g

‘ugNo-anawWie) sn||12eq HOHY ‘dselajsueiioulwe leriedse |y ‘awn unsejdoquioly) [eied paleande | |4b ‘aseldjsueiloulwe suluee [Ty ‘aseleydsoyd auljeyje 47 ‘199449 Al0l1eWwWeUI-Ue J]Y ‘9509 4 ‘asealdul |

UOI1J93|N [BSOONWI PUE UOI1eW

-Wejul paxew ‘uonelausb Jejjidedosu pue
‘uonezifelsyidaail ‘s1soIqy ‘SIS0IISU 4
‘Jusueal) \BUIPas|g puUe ‘ploy JO S5O ‘eI
-18dAy [esoonui 19in dndad 4 sixejAydold

0-4NL | ‘9] 4 ‘sebeydoidew

pa1eAide 4 ‘sabeydoiew | 's1420ydwA|
g Pa1eANDE | ‘U] PR1RAIIDE 4 'S||9D AlE|
-[NPaW 4o d1ua(ds 4 [TV/1SY | ‘D14 ‘DL 4
'anssi) 1e) 4 'sabueyd [e2160]03SIY OU INq
Wbem shauppy | 1yBiem [e101 4 11 4/3VIN
0-4N | ‘97| 1 ‘sobeydoioews pajeande

1 's91A00ydwiA| g | 's||90 Atejinpaw | ISy |
D1 4D 4 ‘aNnssi 1) 4 AybIam [e101 4 YN

skep ¢ ‘Aep/63/6 7 Iy

SY99M g 10}
39am/sKep G ‘Aep/by/bw G JyN

(uonesauab Jejidedosu ‘uonez
-I[eljayudaal ‘sisoiqy ‘s1se|qoiqy ‘sisoidau
‘uolewiweyUl) sisk|eue [edibojoyiedolsiy

‘Buipasjq 10/pue ‘p|oy JO $sO| ‘elwuaadAy
[PSOONW ‘UONRISIIN) SISAeUE DId0DS0IdBW
:192|n dndad JO 1UsWI1eal) PUB UOIIURARI

SH9IM 8 10}

%99M B SABP G ‘SUOISSS A|lep Ul Juaw
-1snfpe peoj yum Buiquui|> J1eis ;| y 's|2
o1ua|ds jo buidArousydounuiwl ‘sisAjeue
0-4NL PUB ‘9-]] ‘2uluneaid ‘eain ‘9s0on|b
‘OLI0H 107 DLV 1SV 1e) [pduoliiad
-0J12J PUB '32SNW SNIWSU20.IseH ‘Usa|ds
‘sKaupiy| 19A1] ‘1eay JO siskjeue |e1bojo)
-S1y pue d1dodsoiew Buiyblam eiseu
-eyina-1sod pue aid 3| pue ajyoid pidi

0b=U6 0y7-081 “OM 9 (IRISIM) 3B

7e=U6 Op=5E "OM G'8(SSIMS) BB

[c¥] e 19 sallo]

[9] e 39 $31e0S

ainsodxa joawin

sjnsal uley ‘awnjoa/asop ‘Juauodwod biapyd ‘0

Spoylsw/uoijuanialuj

dnoub/u 1ybiom ‘abe ‘uresys xas

S9OUa.19j)9Y

(Panunuod) ¥ 3jqey



Page 9 of 22

(2024) 10:11

Debia et al. Future Journal of Pharmaceutical Sciences

suleis

[ESUSWILLIOD UO JO SISA|0IPAY 21042q Sulelis
J1uaboyied UO 1033 ON ‘WNJ0I3I T UO
Ju/bw SZ'Z pue ‘snainp 'S uo /B €1°|
‘suabuliiad 5 uo ul/bw 950 P8

upts [2UI pue JNIN AG %
uoIgIyul | :0d| ‘d1ed0sswi 1oj onel JaybiH

(SL=11a+ LIAN/1) 01eJ [1d+ LIW/I SddM wos

G/1 |10 [9UISY (¥N) "1+ €| Se paieisuo
-WdP I¢7 % 1 ONBI 1A+ LIW/Ieg, 4 AD
S10RIIX3 [[2 Ul 108y plolAyinue tejnjied

/6 000l <7D
/bW /507 %3 . Hddd ‘uonIgIyul ou YNy

(s9UOZ WW g| 01
1) SUIeAS |[e U0 UORIGIYUI LIMOID)

SUO[1RJIUSDUOD
IIe U1 9607 Inoge syieaq Tw/brl 00s <7D
(syp220) *3) W

/Bw g/ | "UolIeIIUDUOD 1S3YDIy 3yl Aq
S1|e228) 'F PUB "YSHI ‘SNa/np S UO UORIgIyul
213|dwo) "psouIbnIab ¢ pue jjo3 J Uo Uol
-IGIYUl OU 's}/p2apJ "7 PUe "YSYN 'Snainp

'S UO W Z < UOIIGIYUL :UOISNGIP %SId

Jw
/Bul gp uoisinuia pidi| pazA|oIpAY (Ul

w/6ri 0oz 03

001 :OdL (110 'Sdd) Twi 5/6M 01 x G (upts
‘IVYIN) Twi /6 OLX1 :sAesse Je|nj|ad

10 [2UISX ‘SddM U [SUISy JNW IYIN
(Anjeysa)) qu/bw G010 01

0S {(HddQ) Tw/bw 001 pue ‘051 ‘00T
‘052 '00€ (VIAY) TW/BWw 01 10 [ulay|

Jw

/Bul Og 10e11X3 D1|0Y02|e0IPAY dIeD0SIN

w/bri 6z L¢ 01
00§ SUOIIRIIUSDUOD [BLDS ‘YN

(OIw) Tw/Bw 60 03 005
{(uoisnpip ¥sip) Tw/bw 0S5z pue 00S ‘3N

531N WU G0 e

peas A1pIgiN] 21N} N 9yl AQ 1USWISSSSe
YIMOID) "UOIS|NWS YLIM U[eIIS Ydea JO Uol}
-ejndou] -asedi| dieanued suidiod yum
SISA|OIPAY [10 [2Ula SnolAId Y INY

05| "uoneNUIdIUOd N d O

paJeduwlod ‘uoljeulpol pazA|eled-Odl Jo
uomgIyu| “_¢| 03 _| JO uonepixo Ag Aiauiol
-oydondads :0dL 1 +E1 pue 1jg+ LI ul
uofedyiuebio aulpol pue aulpol pale|nul
-NJ2e |B10} BUINSEaW AQ PISSISSe SISayl
-UAS SUOWLIOY PIOJAYY 10949 PIoIAYIIUY
0575 'y 7z 10} Kesse pbuyjos y :Aljeyaa (053
‘BuibuaAedS HddQ VY ‘UonIgIyul Jo sauoz
BuizAjeue Aq poyiaw UOISNYIP 3SIP VIANY

uonIgIyul Jo ssuoz
BuizAjeue Ag poyrawl UOISNYIP SIP WINY
073 “Aujnow

Je||abey Aq Y 17z 491je e0zOY0Id BUIAl| JO
1UNOD) 1DRIIXS YUM Y ¢ Bulinp payegnoul
sa106nsewoid :A1ARDe [epIdIUBWIYSIDT

S9QN3 Ul UOIIBIND0U| J3)Je 9dUsaid Jo
2dUasqe YIMOIH DA {UoRIGIYUI JO SRUOZ
BuizAjeue Ag poyawl UOISNYIP %SIP VINY

(€€8vWDD) snjiyd

-OpIob $NjJ|1>bqo1dbT \A _m_\/_uuu wnjuawiio)
SNJIPPGoOIdDT (0667NDD ‘LdL) wnbuoy
wnu2120GopyIg ‘(SN '886%NDD) Spw(up
wnLRIDQOPYIG (E26STODLY) SN2InD 'S
\AENGNUUH(V mmtmmON\OOQOE DLI2ISIT \Gm
WIDN PSHSILIND ‘82150 1LdID) Suabuy
-1ad D (S8THINDD '6S9EWDD) Wniodad g

Od. ‘S921|S PI0JAYY SUIDIOd

bulips 'y * Hddd (€584 ¢DL 1Y) bsou

-16n1ap 4 (62 L LDLLY) 1j02 3 (€265CIDLY)
snainb 's (87T LODLY) SipiuLiapida s YWY
(SUle1IS [PILUODOSOU €) YSSIN

$NaINp 'S '(SUlells [eILOD0SOU 7) YSHIA
$naInp 'S ‘(y7 L6 DD 1V 'BEGIDDLY) Snaino 'S

Sistuauozbwp "7 JO SWIO) 21061152 W01

(VSHIN) snainp S (€265 DD1Y)
$nainp 'S (2 126¢ DDLV) $p230) ' (€58LT
DDLY) bsouibniab 4 ‘(¢z65¢ DDLY) 1102 9

[8] "[e 12 BAOMI0AOH

redRERENVRIED)

ISZREREYIIENEY

[£€] e 12 ouRIRED

[8€] ‘|e 12 elIDZ3g

[9t] '|e 18 oulenboueg

sy|nsaJ uley

uoI1eJIUIDUOD
‘yuauodwod pypiapyd ‘0

SPOY1aW/UOIIUDAIRIU|

suoldeal/sulel)s/saul| |[93/sa13ads

LERTEYETEN]

S9IPNIS JO SYNSal Ulewd pue ‘spoylall ‘UOIIUSAIS1UI ‘SDIISIIS1DeIRYD Suljaseg g d|qeL



Page 10 of 22

(2024) 10:11

Debia et al. Future Journal of Pharmaceutical Sciences

09-TH UO 35euly-|-01onJ

-joydsoyd-9 | (09-1H uo Jw/brl 0oz L Aq
sabueyp |eaibojoydiow ‘sa1850ydwA| pue
LT-€L€ U0 dueIsISaY /-4 pue ‘|
BUSINT-7OSY ‘'79SH UO ANAINISUSS 218
-19pOW ‘09-TH U0 31Dy alow %)

lio Aq

Xapul [EPIDLIS1RG | {UOIS|NUIS0IDIUW AQ
xapul dnAdxobeyd | pue xspul AljigeIA |
(VN) £Z 10> 7 pue ‘pbsourbniap 4

'8GE SN2IND *G UO UDAUIOSU S ||]9M Se ‘Dsou
-16n1aD ¢ puUe 8GE SN2JND °S UO UlDedIUIe pue
[0 UD3MISQ UOIIRIDOSSE Y3 Ul DA 4 ‘(W
/B €2 DIW) £Z 1j02 7 uo uoigiyur JaybIH

B/, 110w 0€'81 F 095 1

D3 dvd4 qwi/Bri 0001 < %D ‘%0z >:uon
-e[RYd uol qui/br L0ZLF LOLLSE

933 .Hdda w/brt 0001 <D
950GLAXO9 UORIgIYUl SYYFL ON

qu
/B 0G1 pue ‘00g ‘009 ‘0071 ‘005 L ‘000T
‘10e3%3 dljouryla diedids yum diedosaly

1 0T |10 pUE UOIS|NWIS0IDIU [SUISY

/Bl g 03 711G 10 DUy paxid

(dv44) 1w/ G 03 0 ‘(UoneRYd uoil
"HddQ '#s0quAx0sp ‘Syvg1) Tw/6r oo 1 o3
0001 ‘12RIIXS DljOURYIDU |[SUIDY

050
"09-TH uI 31eydsoydsig-9'|-95035n4) 01Ul
1I9AUOD 01 ALAIIDR 3Seuy- | -01onujoyd
-soyd-9 :wsijoge1a|y -an|q uedAi yaum
pajlen|eAs pue paziuisdAi | 1-€1€ pue
/-4DW ‘Y 7 J91Je an|q uedAiy yum pale
-njeAs sa1k00ydwiA| (pasA| pue adeys
paulelal Ul paeledas a1am S|[2d paulels
3|geIA-uou :Abojoydio s||90 palealiun
/pa1eain bunedwod Ag paje|jnojed uon
-eJajijoud 192 Jo uoniqIyu| Y g 01 dn
an|q uedAl1} 01 Ajiqeawsad AQ paren|eAd
S|[92 DIWSYN3|OIYIAID :A|IGRIA JB|N||9D

abueio

aulplioe AQ 0118l BlIS1DRQ DAlR/PRIP XIPUl
|epIDLIRIDEg 'S|192 00 | JO |0od e ul euaideq
€ 15e3] 1e paisabul 1eyy s||93 Jo Jaqwinu
xapul onkdobeyd Aq AuAioe [euonouny
|92 9Alje pue peap bul
1JIGBIA ‘pOyIaW abuRIO
auIpoe Aq paxy sapljs :AN|IGelA Jejn||aD

DIW "$3gN3 01Ul UOIIN|OS
upNZesas yum 1oeixs bunejnooul Jaye
9DUIPING YIMOID :ANAINDE [BLISIDRGIIUY

03 %33 %D O°HL 0S4 WWi | Jo
1U3|eAINba ay1 9dnpal 01 ANjIge dyy4
‘WU Q|G 1e peaJ 9dURGIOSCe ‘(dUljoiyiue
-uayd pue ‘|DH-SUL",,24 snd) 10esxa Aq
|enua10d Uofe[aYd UOHERYD Uo)|

‘WU 81 G 1e peal ‘Buibuaneds : Hddd VAW
2onpoid 01 19e41X3 3Y3 03 pappe CO°H
/24 Ag uonisodwodap Jebns Jo uononpul
:uolepelbap 9s0quUAX0aQ YW Yim
9dUeQIOSge pue uonepixolad adnpul 03
UOJ| INOYLM JO UY3IM 1DBIIXS U1 Ul
painip spidijoydsoyd :SyvaL vy

(£-4DN) dul] []92 J9dued 1sealq
uewny ‘(1 1-€1€) aul| 192 1sejqoiqy asnow
‘s21400ydwiA| ‘1Ledi=1unod YgW | euadNT

=95 "(C95Y '09-TH) Saul| |92 DlweenaT]

sa14006eyd
Jespnuouow ‘jo '3 sjusboyiedoiaiug

(85¢€eS) snaunv 'S ‘(£2>3)
1023 "(¢265¢DD1V) 1102 3 '(2PyS LDD1V)
psoulbniab 4 '(z69¢ L DDLY) snainp s

dv4 'uonejaypd uoll
"Hdd@ 'uonepeibap asoquAxoap ‘Syvg .

[87] e 12 ouuRy

[1€] e 32 eOSSS

[01] 1238 2IqON

[0€] e 38 2IGON

s}|nsal uley

uolesUIdU0d
‘Juauodwod pipiapyd ‘0

SPOY13W/UOIUBAIRIU|

suordeal/sutelys/saul] |[93/saads

S9dUJ9)oY

(panunuod) g ajqey



Page 11 of 22

(2024) 10:11

Debia et al. Future Journal of Pharmaceutical Sciences

qw/bd 71 s9p
-iyedoldiw %575 'UoN|OS Ul 1DRIIXS < SIPD
-lledoiiw < aulpiueiuad :A1eyla

(esejousydip) 1L GFEITEL pue (3se|
-ousydouow) w/br | §'67 F g8 :9seu
-1501A1 104 %) 1B/, ;24 [OWWI 8L OF L¥SL

:dv44 pue qw/br €00 F 107 2D
.S1av w/br so0F8Ee D)
Hdd@ ur uonoely a1e19e |AY1a AQ VY |

uonepixolad pidi| J9A0 1O
|[eAOWI HO PUe ON UO 10949 ON

[BAIAINS
1seak ou {(sanea)) | |wbrl €7 F6'568 pue
‘(s1omoy) | _|wbr g | F/zh (died
-opud) |_|Wbr £9F €401t DI .Hdda

| Jwbrl z1'g/ = uoisinwaoueu Ag A1a1x03

01401 W Bw 88yS 010! W Bw 670
:uolsjnuwisoueu 553 Hdda

qw/bri gz pue

G7'9 Ag Aesse yoieuds ul uonelbiul siseiq
-o1qy |, qwy/brl z1°¢ Aq 0-4NL| pue ‘9|
A-N4I | “ON 1 P31e[21-350p 6767 UO W
/B Gz anoqe | wsijogelsw | [N Yim uon
-esaylj0id 1192 quu/bri go | 03 dn AudIxol oN

qu/bri 6z "€ 01 001 ‘S9|p1edoudiu papeo)
-dledosawl pue Ju/brt 679 01 005 IV

(352UIS0IAY) Twi/Brl G 01 00T ‘(dVH4)
w/6r | 03001 ‘(,.51gv) Tw/brl L 019
"(Hdd@) Tw/6rl g 01 001 (21]0yod|eoipAy
‘9181908 |AY19 ‘WIO0J0I0|YD ‘Duexay) SUol}
-DBJJ PUR 10B1IX3 J1|0Y02[e0IPAY dird0Sa|N

w/brl | pue ‘ol ‘001 ‘0001 FYW

LW Bw (| oexe
I|OURY1D S9AR3| PUE ‘S1amoyy ‘diedopul

(LLIA) uoisinwaoueu jo | Jurbr 9o'6€ 01
00S¢ “(HddQd) WW 8'66 PUB '8/ ‘6'6
‘6 ‘0" 'UOIS|NUWIA0URU JIp.

w/6ri 9G'L 01 001 IO [sUISY|

9595 “Aunow

Je|l9bey Ag Y 8 Jayje buinunod eozoloid
's9|214edoIdIw papeo)-diedossw pue
10BIIX9 P31R|OS| Y1 YIM Paregnoul
sa106nsewoid :A1AIDE [epIDIUBWIYSIDT

WU 76§ 18 peal 9dUrQIOSAY "UOH
-deal asejouaydip o} aulueejAusydAxoip
-AYIp-¥'€ pue uonoeas asejousydouow 1oy
QUISOJAL-T :UOIIGIYUI 9SBUISOIA] ‘WU €66 18
peal ‘Yum 24 03Ul , 24 9INPai 0} Ay
-[Igje JO SISA|PUE (dyY ‘WU ¢/ 18 peal
9dueqlosge buibuaneds  Sgy ‘wu /|G 1e
peaJ aouequosge ‘buibusAeds Hddd vy

WU €S 18 peal 9DUrQIOSe ‘19B11Xd 31 0}
pappe ‘0°H/24 Aq pasnpul uonepelbap
350qUAX0ap 4o 1onpoid e ‘S|sayIuAs

VAW Aq uonanpoid HO ‘Wu Z€s 1e

peals adueqiosqe ‘yusbe bupnpul uon
-epixoiad se Hdyy YIM 1DeIIXS SY3 Ul
painjip spidijoydsoyd :SyygL "wWu 0y 1e
peal 92Ueqlosqy “uonisoduodsp aplis
-snudosiu WnIpos Ul pajelausb ON Jaye
U018l $S3UD AQ PRINSeaW 911U 1Y

Y 7/ J91ye passasse Aljigeln
wsiueblooDIW [S10e1XS | _[w Bw G pue
HELWW € Yyum sj|93 | _Jw buw |0 Jo
UoIegNDUJ aDJSIA43D '§ 057

‘WU 16 1e peal ‘buibusneds Hddd vy

05
ol
'y 7/ 01 dn UoIS|NWS0URU Y1IM ABSSe | | A

:Ajigela @) (9953 teoueuosal uids
u011232 Aq peal ‘buibuaneds Hddd vV

4 9 4ydea painseaw uopelbiw Jejn|jed
‘eale papunom yipim wir 005100 L 40
uononpold ‘siakejouow Ul uon

-eibjw s1se|jqoiqy :Aesse yo1eids

'y 77 1914 paINsesw saup01kd pue ON
10 [2UJY YIIM pa1eali pue Yy | 1o} /jod
"7 WOl S47 A parenwins sabeydol
-DBW ‘WU 09§ 1B pPeaJ 90UrQIOSCR

'y g/ 01dn Aesse | [N :AN|IGeIA Jen|19D

(8Hd/£9/99/v14))
SISU2UOZDWID 7 JO SULIO} 910D115eWOId

95eUIS0IAY dvyd .51V “Hddd

uonepeibap asoquAXo0ap ‘SHYEL ‘ON

(L¥/¥A) 2DISI12123 S " HddA

(8591-14D
"4DDLV ‘€LE/HIN) $I5e|qOIqy 9snOW ' HddA

sabeydoiew
|eauoilad pue (6767) S1Se|qoIqy SSNO

[67] e 39 eAlIS

[S€] e 3o eAllS

[€7] e eAlIS

[vE] 1R 32 _AIIS

[z€] 1213 sowues

[c€] | 18 sOIUES

sy|nsa. utey

uoljesuUIdU0d
‘quauodwod pipiapyd ‘0

SPOYIdWI/UOIIUIAISIU]

suordeal/sutelys/saul] |[93/saads

LEMIEIETEN |

(panunuod) g ajqey



Page 12 of 22

(2024) 10:11

Debia et al. Future Journal of Pharmaceutical Sciences

asepixo1adolAy) Od. ‘P-1030.4 SISOIIU JoWN] D-FNL ‘DUIX0IAY}Y ¥ ‘SuiuoiAyiopoiisl €1 ‘opixoladospAy|AIng-14a) HgL ‘SSOURISQNS SAINDESI PIdR dLNHGIRGOIY) SYYFL ‘[1PRIN0IYY

-z-1Akdoid 14 ‘uabyue seapdnu |93 uonesdsjoid YN ‘[edipel [AxolpAy HO ‘uolue apixoiadns FO ‘DPIX0 dLIU ON ‘d]de[leA. J0U Blep Y ‘(dpIwoiq winijozesnayAuaydip-5'z-[Az-|ozeiyyAyowip-s'yl-€) 11w ‘snainp

$n22020}Aydp)s 3.

DIYIBW Y/SSHY ‘Snainp sn22020jAydpis Jueisisal-u

1YIBW YSYIA 10B1IX3 Dljoury1aw died0saw Fpy ‘SuIsOIAI0poIouowW [jy ‘UoIIeIauSdu0D A103giyur wnwiuiw %85/ ‘uelsisas Bnipinw

YAW 12eax3 dijoueyls diedosaw JFpy ‘OpAyap|elipuojew Ygp 1oei1xa snoanbe diesosaw 3y ‘Opleyddeshjododi| 547 ‘@seusboipAyap a1e1de| Hg7 ‘us yum alsed passaid [UlDy Sddy ‘9-ubnajLlul 9-7) ‘A-uoiaialul
A-NJ ‘uonresauaduod Aiougiyul %5524 1amod juepixonue BudNPaI-d1LIR) diY4 ‘UOIFRIIUSIUOD dAIIIRYS ¥5HF ‘UOII_IIUSDUOD JUS[RAINDS H7F ‘BuizeipAy-|A1d1d-g-|Ausaydip-z'z Hddd ‘@uisoiKiopollp [/ ‘Uo1eIIUSdUO0D
1eyss| %70 ‘(p1oe u_:o::m.o.w:__onEuON:wn_>£w.mvm3.0cﬁmuN.N L5189y ‘3puo|yd01pAyIp Amc__u_Em:o_Qoa_>£wE.Nvm_o_on.\NN HdVYV ‘ANA1DE [eIqOIDIWIIUR YAY ‘ANIAIIDE JUBPIXOIIUE VY ‘9Sea1dap 1 i9seanul |

Yy ioye

xapul dnoidode ul | pue sisoxdode ssnyip
' ¢ Ul uonesajijoid |192 4 ‘21n1d211YdIe
Jejnpuelb pansssaid :A1isiuuaydoIsiyou
-NWW ‘9seafas Ha1 Juspuadap-awn |
1U033|9XS01AD Ul1de BY1 JO uoneziuebiosIp
Juspuadap-awi ‘21sodwodoueu Aq
uonIqiyul pa1e|i-asop | :AlljigeiA

(sisordode ‘Aia

-woydiowols|y “A1sIuayd03s|yountiw|
"Ha) Tw/Br 00g ‘(LLA) Tw/bri oL 03
00€ 10e41x3 dljiydodi| yum ansoduwod
-OUBU 12B1IX A|I0 '|I0 3pNID [SUIY

Uzl pue gy 1aye uiplojjeyd
BuIsn JusWIssasse 10aupul :Abojoydiop

‘eWo1s 10 Wnipy1ida senpue|b syl apisul
JUSWISSSSe BUlUIRIS JO AYISUSIUI pue UoI

-NGLASIP ‘Paule1s TINNL IO YNDd Yim
BunuNod [9PNU :AnawoydiowolsiH
‘JUSWISSasSe uoneIuSWbel) YN 95ep
-Ixolad snousbopus BupDo|q Ag 1531
JINNL Sisordody {pautersounwiull
VYNDd 'Y #7Z 10} pa31eal) s21nynd :A1s|
-WIaYD03SIyouNwWW| ‘Wl 06t 18 peal
9dUeQIOSge 'Y 8 01 dn ¢ WOl Ja)e
palewnsa abewep :aseajal HG1 Ag A1l
-21X0303142 Y 7/ 03 dn wiu 0/S 1e peal
90UeqUOSqe ‘Aesse | ||A :A|IGeIA Jejn|jaD

s|j92 disejdiadAy a1esoud ubluag

[9€] 219 eznos

s)nsai uiep

uojjesUIdU0d
‘Jusauodwod pipiapyd ‘0

Spoylaw/Uuoijuanialu|

suoldeal/sulRIIS/SAUI| [|93/s91dadg

S9OUa.i9j9Yy

(PanuNUOd) § 3jqey



Debia et al. Future Journal of Pharmaceutical Sciences (2024) 10:11

= Metabolic alterations (20%)

= Toxicity/immunotoxicity (20%)
Anti-thrombotic/coagulation (10%)
Anti-inflammatory/vascular permeability (15%)

= Ulcerogenesis/Peptic ulcer treatment (10%)

= Wound healing (10%)

= Immunomodulation (10%)

10%

10% # Analgesia (5%)
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= Antioxidant (22.2%)

= Antimicrobial/bactericidal (22.2%)
Viability/toxicity (22.2%)

— Cell metabolism (11.1%)

= Anti-leishmanial (7.4%)

11.1%

22.2% = Alterations in cell morphology (7.4%)

. Oy 0
s = Functional activity of phagocytes (3.7%)

= Migration of fibroblasts - scratch assay (3.7%)

Fig. 3 Assessed outcomes from in vivo (A) and in vitro (B). Some publications have more than one outcome

demonstrated the non-application of two questions, most
frequently for the impossibility of comparing cell lines/
strains or culture conditions between groups, as they
were assays with a single microorganism, strain or dis-
tinct chemical reactions (Q4, Q6) [23, 29-36].

When analyzing the methodological quality by domain
(Fig. 5), the selective result was avoided in 94.11% of the
studies and the low risk of bias was in 76.47%, regarding
the validation of cells and strains repository and the use
of a control group (Q1, Q2). Less frequently, there were
some doubts about the cell line origin (Q1, 5.88%) and
technical repeats (Q2, 17.65%) [22, 29, 30, 37].

The most frequent classification for ’high risk’ was
based on the use of a single cell line/strain in 41.17% of
the investigations [22, 29, 31-33, 38] and, less frequently,
for the reason of the impossibility in comparing reactions
due to different outcomes [23], and again, due to selective
report when the result was presented by a single sample
[29].

In vivo interventions and main results

Animals’ interventions and related results are described
in Table 4. The antithyroid effect was evaluated by offer-
ing acutely mesocarp aqueous extract (MAE) and kernel
pressed paste with skin (KPPS) after a previous iodine-
rich diet. This effect was observed by thyroid uptake
reduction of 1*°I and by the ratio between '*°I and mono-
iodotyrosine (MIT) coupled to diiodotyrosine (DIT). As
a result, '*I uptake was suppressed by MAE, but not
significantly by KPPS. However, the ratio '>’I/MIT + DIT
was high for both MAE and KPPS, suggesting a thiona-
mide-like antithyroid effect [22].

Concerning the effect on lipid metabolism, urea and
the development of type 1 diabetes, three studies offering
MAE evaluated the intake of 50 mg/kg for 30 days in five
mouse strains and found a significant increase in total
cholesterol (TC) levels only in CBA strain (27 vs. 9 mg/
dL) and a decrease only in C3H/HePas (18 vs. 47 mg/dL).
There was a significant decrease in urea levels, except for
C57BL/6 (49 vs. 67 mg/dL). Despite the glycolipid profile
outcome mentioned, levels of lipoproteins, triglycerides
(TG) or glucose were not demonstrated [39]. Another

intervention offered a dose ten times lower than the pre-
vious study for 40 non-consecutive days, associated or
not with resistance training (RT). They verified weight of
loss after an 8-week supplementation period and, asso-
ciated with RT, after 4 weeks. In addition, animals sup-
plemented combined or not with RT had retroperitoneal
fat reduction up to 73%, a decrease in TC levels (MAE:
79 mg/dL; MAE/RT: 70 vs. 97 mg/dL) and TG (MAE:
90 mg/dL; MAE/RT: 82 mg/dL vs. 166 mg/dL). There
was a reduction in glucose only in RT animals (131 vs.
145 mg/dL). Animals trained without supplementation
showed greater Delta force, suggesting a possible ergo-
Iytic effect of the substance [6].

On the other hand, Silva et al. [25] observed weight
gain with intake of 3.3 mL/day of a suspension of MAE
20 mg/mL. In this study, the animals were not subjected
to any type of physical labor and weight gain occurred
between the 20th and 50th days, but with an abrupt drop
afterwards. There was blood glucose fluctuation with
lower levels on the 30th day and returning to baseline
on the 60th. They did not observe significant changes
in immunoglobulin IgG levels, possibly due to the low
effect of MAE on T lymphocyte activation and cytokine
production.

Acute toxicity effects were observed with high doses of
mesocarp extracts and measured by organ relative weight
and histological and biochemical analysis. No deaths
were registered after a single dose up to 5000 mg/kg of
mesocarp ethanolic extract (MEE) [27], as well as signifi-
cant physical and or behavioral changes were not found.
The same investigation also evidenced a reduction in urea
levels at 5000 mg/kg (26 vs. 40 mg/dL) and increased TG
at 1000 mg/kg (104 vs. 54 mg/dL) in a dose-dependent
way. Alkaline phosphatase (ALP) increased after 3000
and 5000 mg/kg intake (23 and 21 U/L, respectively, vs. 6
U/L). No toxic effects were observed with gradual doses
up to 4000 mg/kg [24]. MAE, mainly associated with RT,
increased both aspartate (AST) and alanine aminotrans-
ferase (ALT) [6]. Alterations in locomotor activity and
motor coordination can also be a sign of toxicity. Thus,
a single dose of up to 3 g/kg of MAE did not affect these
outcomes [23].
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Table 6 In vivo individual risk of bias

Reference D1 D2 D3 D4 D5 D6 D7 D8 D9 D10
Azevedo et al 41] ? + ? ? ? ? ? ? + +
Barbosa et al [26] ? + ? ? ? ? ? ? . +
Barroqueiro et al 27] ? + ? ? ? ? ? + . +
Gaitan et al 221 ? + ? ? ? ? ? ? + +
Maia and Rao [24] ? + ? ? ? ? ? ? + ?
Pinheiro et al 139 ? + ? ? ? ? ? + + +
Scheibe et al 143] ? + ? ? + ? + + + .
Silva et al [23] ? + ? ? . ? ? + + +
Silva and Parente [40] ? ? ? ? ? ? 2 + + +
Silva et al [44] ? + ? ? ? ? ? + + +
Silva et al [25] ? + ? ? ? ? ? . + +
Soares et al [6] ? + ? ? ? ? ? + + +
Torres et al 42 ? + ? ? ? ? + + + +

Domains: D1—sequence generation; D2—baseline characteristics; D3—allocation concealment; D4—random housing; D5—blinding (performance bias); D6—
random outcome assessment; D7—blinding (detection bias); D8—incomplete outcome data; D9—selective outcome reporting; D10—other sources of bias. Total: 130
(100%); (+) Yes: 45 (34.61%); (—) No: 5 (3.85%); (?) Unclear: 80 (61.54%) [19]

D1

D2 | —

D3
D4

D5 (aa—

D6
D7
D8
D9
D10

0%

20% 40% 60% 80% 100%

myes mno =unclear

Fig. 4 In vivo risk of bias assessment by domain. (legend) Domains: D1—sequence generation; D2—baseline characteristics; D3—allocation
concealment; D4—random housing; D5—Dblinding (performance bias); D6—random outcome assessment; D7—blinding (detection bias); D8—
incomplete outcome data; D9—selective outcome reporting; D10—other sources of bias. Yes: low risk; No: high risk; Unclear: uncertain risk [19]
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Table 7 In vitro individual risk of bias

Reference Q1 Q2 Q@ Q4 Q5 Q6
Barroqueiro et al 49 + + + + + ?
Bezerra et al %8 + + . ? + o
Caetano et al 7 + ? + + + +
Ferreira et al 9 + + + + o 2
Gaitan et al @ ? + . + + )
Hovorkova et al © + + + + + +
Nobre et al 2% 0] ? + ) + +
Nobre et al ['% + + + + + +
Pessoa et al B + + . ) + )
Rennd et al 28 + + + + + +
Santos et al % + + [0} + [}
Santos et al [*2 + + . [} + [}
Silva et al 4 (0] + + . + (0]
Silva et al # + + + () + [}
Silva et al ¥ + ? . [0} . [}
Silva et al 2 0] + + ) + +
Souza et al B¢ + ) + ) + +

Questions: Q1—cells/strains from validated repository or appropriately verified;
Q2—technical repeats and controls inclusion; Q3—use of different cell lines/
strains/reactions; Q4—comparable conditions between groups/assays; Q5—
selective outcome reporting; Q6—comparison of different cell lines/strains/
substances. Total: 102 (100%); (+) Yes: 67 (65.69%); (—) No: 8 (7.84%); (?) Unclear:
7 (6.86%); (@) Not applicable: 20 (19.61%). Questions adapted from Lewis et al.
[20]

Low toxicity was observed since no changes in the
number of medullary cells and a decrease of splenic
cells only in BALB/c and C3H/HePas (both 3x 10 vs.
5x107) was noted. Weight loss in organs was reported
for HePas after 30 days exposure at 50 mg/kg of MAE
[39]. On the other hand, MAE 5 mg/kg was able to
increase the number of medullary cells in the absence
of RT in Swiss mice (30x10° vs. 13x10°), but in the
scenario of splenocyte levels’ preservation (41x10°).
When associated with RT, splenic cells were reduced
(30x10°) [6].

After different doses and periods, Maia and Rao [24]
evaluated the effect of mesocarp chloroform extract
intake on the inflammatory process. Analyzing the
carrageenan-induced inflammation in edema paw, it
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decreased up to 32% with progressive doses. The edema
reduction caused by formaldehyde-induced arthritis
was also observed on the 7th and 8th days of treat-
ment. In this same study, seven-day intake at 250 mg/
kg inhibited subcutaneous granuloma, measured by the
weight of the cotton pellet introduced (112 vs. 192 mg)
and it reduce leukocyte migration (24.19 vs. 23.62 cells/
mm?®) and inflammatory exudate after a subcutaneous
sponge implant impregnated with carrageenan.

In a stage before exudate induction, Silva and Parente
[40] verified a significant inhibition in vascular perme-
ability progression following a single dose of an isolated
polysaccharide from mesocarp composed of alpha-
(1 — 4) linked D-glucopyranose residues. Meanwhile,
Barbosa et al. [26] observed the same effect in microves-
sels after volumes greater than 0.06 mL of the crude ker-
nel oil twice a day. This study also reported attenuation in
leukocyte adhesion with intake of 0.02 mL.

When analyzing proinflammatory cytokines, MAE
intervention decreased interleukin-6 (IL-6) and increased
tumoral necrosis factor-alpha (TNF-«) levels [6]. How-
ever, kernel oil was not able to cause significant changes
in IL-1, IL-6, and TNE-a [26].

Leukocyte-specific activity is closely related to inflam-
matory stages. In this regard, five days of a-glucan from
mesocarp increased zymosan-like phagocytic activity
induced by colloidal carbon [40]. However, MAE asso-
ciated with RT increased total splenic macrophages,
but reduced activated macrophages, without changes in
monocytes [6]. There was an activated T helper decrease
and an increase of B cells, suggesting an immunomodula-
tory effect well [6].

Other outcomes, similar or antagonistic, were also
evaluated. Although the antithrombotic effect of the
aqueous mesocarp suspension was indicated by the
prothrombin time increase (11.2 vs. 10 s) and activated
partial thromboplastin time (33.6 vs. 29.5 s) [41], on the
other hand, the chloroform extract of mesocarp given for
three days did not extend the hemostasis time (98.0 vs.
90.3 min) [23].

Regarding peptic ulcer induction, prevention, or treat-
ment, Maia and Rao induced ulceration with phenylb-
utazone and observed an average score of 1.03 for the
lesion in five of six animals treated with phenylbuta-
zone, on a 0—4 scale [24]. In opposition, animals treated
with mesocarp chloroformic extract for 21 days did not
exhibit lesions. In a different study, the prophylactic and
therapeutic effect of MAE was compared to omeprazole,
before or after ethanol-induced ulcers. In the preventive
treatment, the effect was similar to omeprazole in the
absence of lesions (60% of the animals), but superior to
the drug in the absence of hyperemia, bleeding, and pres-
ervation of folds (100% vs. 60% on all outcomes). Despite
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Fig. 5 In vitro risk of bias assessment by domain. (legend) Q1—cells/strains from a validated repository or appropriately verified; Q2—technical
repeats and controls inclusion; Q3—use of different cell lines/strains/reactions; Q4—comparable conditions between groups/assays; Q5—selective
outcome reporting; Q6—comparison of different cell lines/strains/substances. Yes: low risk; Nao: high risk; Unclear: uncertain risk. Questions

adapted from Lewis et al. [20]

the accentuated related-inflammatory lesions, such dam-
age reached only the mucosa in MAE-treated animals,
while there was deeper damage up to the submucosa
in those ones receiving vehicle. Moreover, microscopic
analysis showed MAE prevented necrosis in 80% of ani-
mals [42].

Scheibe et al. [43] evaluated 21-day MAE intake for
healing. After this period, the animals underwent lapa-
rotomy with cecum exteriorization. Significantly, they
identified a grade II adhesion (two adhesions between
organs or between an organ and abdominal wall) in 100%
of the animals on the 21st postoperative day compared
to the negative control. Morphological evaluations did
not identify polymorphonuclear leukocytes (vs. mod-
erate presence), and mild congestion and angiogenesis
(vs. severe) and moderate fibroblasts (vs. severe) were
detected in MAE-exposed animals. Collagen production
was also more intense than in the control group. Silva
et al. [44] used the same procedures, but offered a MAE
single dose. They found similar results, except for colla-
gen production.

Finally, antipyretic and analgesic properties of meso-
carp chloroform extract were analyzed [24]. After pyrexia
induced by Saccharomyces cerevisiae, no time-related
decrease in body temperature was observed (1 h: 39.18
vs. 39.18 °C; 2 h: 39.1 vs. 39.3 °C; 3 h: 39.18 vs. 39.31 °C).
The analgesic effect was compared to morphine after
exposure to a hot-plate at 55 °C. After 30 min of 250 mg/

kg intake, the extract was not able to promote analgesia.
Reaction time was similar to negative control and shorter
than morphine (extract: 3.5 s; control: 2.83 s; morphine:
14.0 s). In contrast, the same dose was able to reduce ace-
tic acid-induced writhing around 62% [24].

In vitro assays and main results

In vitro studies are useful for preliminary testing of
substances in a controlled environment. The studies
included are described in Table 5. Six studies evaluating
antimicrobial and phagocytic activities on pathogenic or
commensal strains [8, 10, 27, 31, 37, 45] and two investi-
gations against protozoa [29, 38] were identified. Cellu-
lar assays were carried out with tumor or non-tumor cell
lines to study viability or cytotoxicity, morphological or
metabolic changes [22, 28, 31-33, 36]. Lethality assays
were carried out in microcrustaceans (Artemia salina
Leach.) [45].

Assays using chemical reactions or yeasts can also be
developed to measure preliminary effective concentra-
tions (EC,) for achieving half desirable effects. This
review included six studies which evaluated the antioxi-
dant activity of babassu [23, 30, 32, 34, 35, 45].

The most common component of O. phalerata was the
kernel (52.9% of the studies) [8, 10, 22, 30-33, 36, 45].
MAE and mesocarp alcoholic extracts were tested in 47%
and one publication associated mesocarp with epicarp
[22, 23, 28, 29, 35, 37, 38, 46]. Only Silva et al. [34] used
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endocarp, flowers, and leaf extracts. The concentrations
ranged a lot from 500 mg/mL of MEE [46] to assess the
antimicrobial effect to 1 pg/mL of MAE for the antioxi-
dant activity [23].

The disk diffusion assay was used to evaluate the effect
of mesocarp on pathogenic bacteria strains. At 250 and
500 mg/mL, MEE promoted concentration-dependent
inhibition zones on Staphylococcus aureus (18.5 mm),
methicillin-resistant S. aureus (17.4 mm), and Entero-
coccus faecalis (14.4 mm). The most relevant minimum
inhibitory concentration was observed for E. faecalis,
while 500 mg/mL inhibited the growth of them com-
pletely. In contrast, there was no inhibition of Escherichia
coli and Pseudomonas aeruginosa [46]. Similar levels of
inhibition on methicillin-resistant or sensitive S. aureus
were observed with lower concentrations of the hydroal-
coholic extract [37].

Kernel oil also did not demonstrate efficacy on Gram-
positive and negative strains [45], but after hydrolysis, it
inhibited 80% of Clostridium perfringens, S. aureus, and
Enterococcus cecorum [8)]. Furthermore, the fixed oil
increased the effectiveness of antibiotics over S. aureus, P
aeruginosa, and E. coli [10].

After evaluating mononuclear phagocyte activity and
bactericidal potential, Pessoa et al. [31] found a higher
rate of phagocytosis by lipid microemulsion (69.1 vs.
47%), and the bactericidal activity was higher by isolated
oil (47.9%). When testing the leishmanicidal effect of
MAE, it was observed a low activity when compared to
Glucantime® (LC5y>500 vs. 440.3 pug/mL) [38]. On the
other hand, microparticles loaded with the same extract
demonstrated upper effectivess, but lower than pentami-
dine (IC;, 12 vs. 0.8 pg/mL) [29].

In a study developed by Renné et al. [28] using the
trypan blue method, leukemic promyelocytes (HL-60)
were more sensitive to the crude ethanolic extract from
mesocarp combined with epicarp when compared to
negative control (IDg, 9.3 vs. 125 pg/mL), whose activity
was time dependent (150 pg/mL: 8.6 h; 2 mg/mL: 0.4 h).
The concentration of 1.2 mg/mL promoted changes in
HL-60 morphology, with decrease in size and cytoplas-
mic/nuclear condensation. Interestingly, there was an
increase in levels of 6-phosphofructo-1-kinase (PFK)
enzyme at 300 pg/mL were tested, 6.6 times greater
than the negative control. In this study, non-tumor cells
showed greater resistance, such as L929 (127 vs. 88.7 pg/
mL) and human lymphocytes (141.2 vs. 84.4 pg/mL). It
is important to highlight that both erythroleukaemic sen-
sitive to chemotherapy line and its multidrug-resistant
counterpart were equally affected.

Regarding cytotoxicity, Santos et al. [32] tested a lipid
nanoemulsion from kernel oil droplets in 1L.929 cells and it
was found a time and concentration-dependent ICg after
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24 h of exposure (396.1 pg mL™?), 48 h (363.3 ug mL ™)
and 72 h (333.1 pg mL™"). Santos et al. did not find ker-
nel oil toxic effects on L929 after MTT (3-4,5-dimethyl-
thiazol-2-yl-2,5-diphenyltetrazolium bromide) assay.
Conversely, the same effect was not verified on peritoneal
macrophages. Furthermore, they reported an increased
migration of L929 cells in the scratch assay, concentra-
tion-dependent nitric oxide attenuation (0.31 to 0.29 vs.
1.15 uM), and higher levels of INF-y (interferon-y) pro-
duction with 6.25 pg/mL of the nanoemulsion (2214.2
vs. 980.4 pg/mL), TNF-a (107.7 vs.<0.9 pg/mL) and
IL-6 with 3.12 pg/mL (1286.1 vs. 584.4 pg/mL) by mac-
rophages, suggesting a modulation of inflammatory
response in wound healing situations.

Concerning phagocyte viability, a higher viability index
similar to culture medium was found for lipid micro-
emulsion when compared to isolated oil (98 vs. 94.3%)
[31]. Another study using benign prostatic hyperplasic
cells observed viability inhibition up to 75% after 24-72 h
of exposure to a 300 pg/mL of nanocomposite with lipo-
philic extract. Even after the addition of fetal bovine
serum, the inhibition was sustained. There was also
induction of disorganization (disassembly) or disruption
in the structure of actin microfilaments in a time-pro-
gressive manner, and a progressive lactate dehydrogenase
(LDH) release. For this enzyme, there was a release of up
to 75% after 48 h. Immunoreactivity for proliferation cell
nuclear antigen (PCNA) was also tested and proved to
be 50% lower when compared to the negative control in
association of apoptosis induction [36]. The single report
about multicellular organisms observed no toxicity on A.
salina (LCs,>1000 pg/mL) after testing concentrations
up to 50 mg/mL of kernel oil [45].

The antithyroid effect in porcine thyroid slices was
tested by Gaitan et al. [22] with different babassu com-
ponents. The study verified that, although '*I absorption
by thyroid tissue was similar between the substances,
the extracts showed a higher incorporation of 2°I/
MIT +DIT, mostly after MME (mesocarp methanolic
extract) exposure indicating iodine organification inhi-
bition. Concerning thyroperoxidase activity, the MME
and kernel peel evidenced an ECy, of 140 and 160 pg/
mlL, respectively, for thyroperoxidase-catalyzed iodina-
tion. Tyrosinase inhibition was also tested and a higher
ICy, was found for the mesocarp ethyl acetate in com-
parison with extract or hydroalcoholic fraction for both
monophenolase and diphenolase activity [35].

The antioxidant potentiality of babassu is detailed in
Table 5. ECy, required for DPPH" (2,2-diphenyl-1-picryl-
hydrazyl) scavenging was described for kernel oil [37,
45] and for a nanoemulsion [32]. Nobre et al. [30] did
not find thiobarbituric acid reactive substances (TBARS)
inhibition and evidenced a low effect on deoxyribose
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degradation, DPPH’, and iron chelation by kernel metha-
nolic extract. In this study, the expected effect occurred
only for FRAP (ferric-reducing antioxidant power), but
required higher concentrations than quercetin (1560 vs.
155.2 pmol L7'Fe’"). Likewise, no antioxidant effect of
MAE up to 1000 pg/mL was detected. Endocarp, flower,
and leaf alcoholic extracts also did not demonstrate anti-
oxidant potential based on reaction with DPPH’. Fur-
thermore, there was no yeast survival when the same
extracts were associated with tert-butylhydroperoxide
[23]. A positive result was verified only by Silva et al.
[35] for mesocarp ethyl acetate fraction on DPPH" (ICy,
of 3.38 pg/mL), ABTS'*" (2,2"-azino-bis(3-ethylbenzo-
thiazoline-6-sulfonic acid) scavenging (2.04 pg/mL), and
FRAP (15.41 mmol Fe*").

Discussion

In vivo studies

The fruit of babassu has shown favorable biological activ-
ities. However, the absence of results or undesirable out-
comes were also observed, such as the antithyroid effects.

In animal models, the sex, age, weight, and metabolic
condition are essential to optimize the relevance of the
results [47]. Despite the analysis of beneficial effects, the
in vivo trials seem to be useful for acute, subacute, or
chronic toxicity tests, since even natural substances can-
not be considered completely safe. Notably, widely stud-
ied nutrients also exhibit upper limits and restrictions
[48]. In this context, investigations subjected animals to
varied experimental conditions, including a single dose
[23, 27], short or moderate durations throughout their
lifetime [6, 39], or progressive dose regiments [24], but
not always waiting for long latency periods [23], which
limits the outcomes.

One of the alterations found that could indicate pos-
sible toxicity suggests that even after 14 days of latency,
ALP increase was not followed by changes in liver and
kidney functions. The hypothesis suggests that young
animals are susceptible to alterations in this enzyme
according to their diet [27]. In turn, increasing levels
in aminotransferases should be evidence of oxidative
stress due to lipid peroxidation, notably when there is a
greater oxygen demand, as the rodents submitted to RT
[6]. In terms of immunotoxicity, the decrease of splenic
cells and spleen weight were both selective. The authors
suggest sparse effects due to the divergence of results in
strains with distinct haplotypes [39]. In short, despite
the cited changes, all publications suggest low toxicity of
the kernel and the mesocarp, not only with a single dose
intervention up to 5 g/kg [23, 24, 27], but also with low
doses up to 40 days [6, 39].

Results on metabolic effects show discrepant changes
in serum TG. This marker increase could suggest an
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increment in lipogenesis due to the high carbohydrate
content in the mesocarp (79.2%) [6], but it did not worse
with doses above 1000 g/kg [27]. The presence of fibers in
the mesocarp (17.9%) could also be associated with TC
and LDL (low-density lipoprotein) decrease by reducing
lipids absorption when they interact with lipase and/or
colipase and limit the enzymatic activity [6, 49].

The reason for urea level reduction lies in the fact that
foods with a high carbohydrate content, mostly resist-
ant types, are not absorbed and remain available for
gut microbiota fermentation. In this condition, endog-
enous proteins and plasma nitrogen would be recruited
to ensure microorganism growth, reducing plasma urea
levels, especially when dietary protein intake is deficient
[50].

Investigations have also displayed weight gain and gly-
cemic fluctuation after intervention with MAE, which
would contraindicate mesocarp intake, mainly for type
II diabetes patients, in which weight loss is the most
common aim, or when the risk of developing diabetes is
increased [25]. However, the glycemic load of foods with
a high content of digestible carbohydrates can be atten-
uated in association with proteins, lipids, and dietary
fiber, constituting an essential strategy for maintaining
adequate glycemic levels [51]. In opposition, the absence
of weight gain and retroperitoneal adiposity reduction
was demonstrated by Soares et al. [6] after MAE intake
associated or not with RT, indicating a possible adjuvant
effect of mesocarp in fat loss and weight control.

The anti-inflammatory activity of mesocarp chloroform
extract suggests its application in subacute situations due
to the inhibition of granuloma, a proliferative phase of
inflammation. However, as the chloroform extract had
no effect on pyrexia or leukocyte migration, arachidonate
metabolism is not possibly involved in the mechanism
[24].

Despite the high content of saturated fatty acids in
crude kernel oil, the hypothesis is that vascular perme-
ability decrease and leukocyte adhesion observed by
Barbosa et al. [26] may have attributed to the anti-inflam-
matory action of oleic acid and the antioxidant effect of
a-tocopherol.

Other positive effects on inflammation processes dem-
onstrated by a-glucan propose that the residual chains
of 1 — 3 bonds not hydrolyzed by amylase may be long
enough to contribute to phagocytic amplification and
vascular protection [40].

In vitro studies

The selective antibacterial effect of MEE, mainly on E.
faecalis and S. aureus, has likely clinical effects because
these strains are associated with nosocomial infections
and usually resistant to antibiotics. Its mechanism of
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action probably involves the generation of complexes
between phenolic acids, proteins, and polysaccharides
capable of breaking cell wall and inhibiting microorgan-
isms’ enzymes [37, 46]. In turn, the synergistic effect
between mesocarp and antibiotics may occur by different
pathways, including changes in drug receptors [10, 52].
The microparticle encapsulation system can delay com-
pound cytoplasm release, which improves the effect [29].
Applications with crude kernel oil on gram-positive or
negative strains were not effective [45]. After its hydroly-
sis, it showed a selective effect against pathogenic bacte-
ria, but not commensal strains [8]. This effectiveness is
related to the free lauric acid, which can cross cell mem-
branes, acidify the intracellular medium, and block bac-
terial growth, besides the oxidative effect after phagocyte
activation [31, 53].

The results observed against tumor cells only demon-
strated relative selectivity of mesocarp with epicarp etha-
nolic extract, including over chemoresistant cell lines, a
phenomenon that represents the main failure of antineo-
plastic treatments. However, the absence of PFK inhibi-
tion on HL-60 suggests that the remaining tumor cells
may have increased metabolic activity in face of extract
toxicity [28, 36].

Fibroblasts have been employed because they are abun-
dant cells in the human body and one of the first to come
into contact with substances during absorptive processes.
Thus, nanoemulsions based on kernel oil extracts show-
ing low toxic effects against fibroblasts in vitro can pre-
dict in vivo studies, as well as the low toxicity against A.
salina by a wide number of plant species [32, 45, 54].

Experimental evidence demonstrated the antithyroid
effect of mesocarp flours, imputing its intake for the per-
sistence of endemic goiter in Maranhdo (Brazil) in the
mid-1990s [22]. Nonetheless, since the sodium chloride
iodination strategy was implemented in the 1950s, the
prevalence of iodine deficiency disorders in Brazil has
reduced from 20.7% in 1955 to 1.4% in 2000 [55].

The inhibition of tyrosinase activity promoted by the
mesocarp ethyl acetate fraction was justified by the high
concentration of proanthocyanidins (453.7 mg CE/g) in
the inhibitory steps of monophenolase and diphenolase
activity [35]. This enzymatic inhibition is one of the key
mechanisms for alterations in melanogenesis, responsi-
ble for some characteristics of malignant melanoma [56].
The mechanism of this phytochemical consists of block-
ing L-tyrosine oxidation, depressing L-dopa oxidation
products, and preventing pigment synthesis [57].

Given the importance of controlling oxidative stress
and its pathological consequences, some tests identi-
fied the antioxidant potential of babassu to neutralize
free radicals and prevent lipid peroxidation. After find-
ing a total phenolic content of 288 mg/g in kernel oil, the

Page 19 of 22

antioxidant activity did not overcome the ascorbic acid,
there may not be a direct correlation between high levels
of phytochemicals and better effects though [45]. It is also
suggested that specific flavonoids may act in the interme-
diate process of lipid peroxidation, but they do not neu-
tralize specific radicals [30]. Some concerns about the
interference of kernel oil pigments in antioxidant assays
have some grade of plausibility, such as DPPH", because
they can affect the optical density, which can lead to mis-
interpretations [58]. Therefore, the use of electronic spin
resonance may be useful to bypass this interference [32].

The low affinity between MAE and lipids in TBARS
can be answered by the lack of interaction with specific
lipids, or hydrophilic portions of amphipathic lipids, as
they are more sensitive to radical activity [23], even using
polar solvents which can extract flavonoids that provide
hydroxyl radicals to neutralize reactive species. However,
different solvents can optimize the extraction of poly-
phenols [59, 60]. With the use of ethyl acetate to prepare
samples from mesocarp, it was possible to identify mon-
omers and tetramers of catechins. While the monomer
is capable of reacting with a single free radical, its poly-
mer can neutralize three radicals simultaneously [61]. On
the other hand, the lack of effect by the endocarp, leaf,
and flower ethanolic extracts on radicals and protection
against tert-butylhydroperoxide, can be explained by low
flavonoid content [34].

Conclusion

This review highlights the prevalent use of mesocarp and
kernel in alcoholic extracts and emulsions, emphasizing
their low lethality and weak cytotoxicity in vitro, along
with the absence of acute toxicity in vivo. This opens
perspectives for advancing to in vivo toxicity assays with
repeated doses. The empirical intake of both mesocarp
flour and kernel oil provides a basis for considering an
extension to clinical trials to comprehensively understand
the potential applications and effects of these substances.
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