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ABSTRACT

Vieira, Carla Paulo. Conjugated linoleic acid (CLA): elaboration of enriched fermented milk
and evaluation of CLA-isomers effects on neuroinflammatory disease in vitro model. Rio de
Janeiro, 2020. Thesis (Ph.D.’s degree in Sciences). Conjugated linoleic acid (CLA) is a
mixture of geometric and positional conjugated isomers of linoleic acid (LA). CLA isomers
are naturally present in foods, however, generally in small concentrations. Therefore, their
intake values through natural sources are below of level recommended for achieving health
beneficial effects. Thus, to increase the CLA content in foods is a technological challenge.
Currently, the milk fermentation with CLA-producing bacteria is one of main technologies
strategies studied with this objective. Nevertheless, the previous screening of lactic acid
bacteria (LAB) by ability to produce CLA from LA in esterified way, similar those found in
milk fat, still is a bottleneck in literature. Regard to bioactive effect of CLA, although CLA
can freely get through the blood-brain barrier, it being metabolized in the brain, reports on
CLA effects in the central nervous system are still scarce. Studies revealed CLA as potent
anti-inflammatory modulator of immune response of peripheral macrophages and these
effects of CLA are thought to be mainly via inhibition of NF-xB pathway in human in vivo
models. Recently, microglial NF-xB was proposed as a pivotal therapeutic target in
neurodegenerative disorders as Parkinson’s disease. CLA also primes macrophage M2
polarization in human in vitro models, and this would allow the targeting microglia
polarization by CLA as a therapeutic avenue in neurodegenerative diseases. However, the
effects of CLA on microglia are still unknown. In this context, the original hypothesis of first
step of this work was that previous screen of LAB by ability to produce CLA from sterified
lipid produces CLA-enriched fermented milk. In the second step of work, the major
hypothesis was that CLA has antiinflammatory effect on microglial activation inhibiting the
NF-kB pathway. The results of the first step of the present work showed that the previous
selection of probiotic LAB strain by the ability to produce CLA from sunflower oil was a
differential step to produce CLA-enriched fermented milk. Therefore, the probiotic
Lactococcus lactis ssp. cremoris MRS 47 strain isolated from Brazilian kefir grains can
increase the CLA content in the fermented milk. In the second step, CLA mitigated the mice
primary microglia activation by LPS to reduce NO secretion. CLA completely prevented the
suppression of arginase activity by LPS in primary microglia, driven it from M1 to M2
phenotype. This polarization was isomer-specific and, at least in part, due to inhibition of NF-
kB and iNOS pathways through expression of IkBa inhibitor. Finally, co-treatment with CLA
and LPS completely prevented cortical neuronal death induced by the endotoxin, being this
neuroprotection also isomer-specific. Thus, CLA has potential as anti-inflammatory and
neuroprotective agents against microglia-mediated neuroinflammatory disorders, in what
seems to have isomer-specific particularities.

Keywords: CLA-producer strain screening, enriched fermented milk, LPS-activated
microglia, microglial polarization, neuroinflammation, neuronal viability
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1 LITERATURE REVIEW

1.1 CHEMICAL STRUCTURE AND SYNTHESIS OF CLA ISOMERS

Conjugated linoleic acid (CLA) is a collective term for a series of conjugated dienoic
positional and geometrical isomers of linoleic acid - LA (C18:2, cis-9, cis-12) (KIM et al.,
2016A), as illustrated in Figure 1. CLA-isomers are naturally present in food, mainly those of
ruminant origin, such as milk, dairy products, meat and processed meat products from
ruminants (MONDRAGON, 2016). The CLA-isomers predominate in food from ruminants
due to their biosynthesis pathways that occur in these animals: ruminal biosynthesis and
endogenous biosynthesis (SHINGFIELD; WALLACE, 2014), which are schematized in
Figure 2.

Figure 1 - Isomeric structure. (1) trans-10, cis-12-CLA (2) cis-9, trans-11-CLA (3) cis-9, cis-12-LA.

il

1

Source: MANCINI; HUNT, 2005.

1.1.1 Ruminal biosynthesis of CLA-isomers
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The lipid content in conventional ruminant diets range from 3-7 % on a dietary dry
matter basis. Most vegetal origin feed (e.g. pasture, silage and plant seeds/oils) are rich in
linoleic acid, C18:2 and/or a-linolenic acid (ALA), C18:3 (up to 69.4% and 55.9% of total
fatty acids, respectively) (DHIMAN et al., 2007), which are substrates for synthesis of CLA-
isomers. Thus, the precursor fatty acids presented in those feed undergo isomerization and
biohydrogenation in animal’s rumen (SHINGFIELD; WALLACE, 2014). The rumen is a
unique organ of ruminants, being responsible for inhabiting microorganisms, which
biohydrogenate dietary unsaturated fatty acids as a detoxification mechanism (MAIA et al.,
2010). B. fibrisolvens was the first shown to be capable of biohydrogenation. However,
several other rumen bacterias had been isolated and their biohydrogenation capacity had been
acknowledge (LOURENCO; RAMOS-MORALES; WALLACE, 2010). Biohydrogenation of
unsaturated fatty acids in the rumen has several steps (Figure 2). In this way, no single rumen

bacterial species can catalyze completely biohydrogenation (DHIMAN et al., 2007).

Figure 2 - Pathways of CLA-isomers production in ruminant species. Pathways of CLA-isomers production in
ruminant species: ruminal biosynthesis and endogenous biosynthesis. Conjugated linoleic acid (CLA); TVA,
trans vaccenic acid; I, isomerization reaction; H, hydrogenation.

Ruminal biosynthesis Endogenous synthesis

(Mammary gland/adipose tissue)

Diets
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Formerly, the lipids consumed in diet by ruminants on esterified plant lipids or
triglycerides way are quickly hydrolyzed to free fatty acids (FA) by lipases of microorganisms
being in the rumen. Posteriorly, the unsaturated free FA are hydrogenated by microorganisms
in the rumen to produce more highly saturated end products (BUCCIONI et al., 2012). The
first intermediate product from biohydrogenation of linoleic acid is cis-9, trans-11-CLA
through linoleate isomerase enzyme, which is produced by the microorganism Butyrivibrio
fibrisolvens, as well as other bacterial species in the rumen (MIRI; EBRAHIMI; TYAGI,
2015). After, part of the cis-9, trans-11-CLA produced is rapidly converted into trans-11
vaccenic acid (TVA) (CASTILLO; OLIVERA; CARULLA, 2013). Other substrate for CLA
production is the a-cis-9, cis-12, cis-15-linolenic acid; C18:3, which also is an unsaturated FA
abundant in conventional ruminal diet, also being isomerized and reduced, ending in cis-9,
trans-11-CLA, TVA or with the formation of stearic acid (C18:0) in case of complete
biohydrogenation (LEE, 2013). As ruminal biohydrogenation is fast, only small portion of
cis-9, trans-11-CLA and TVA escapes of complete biohydrogenation in the rumen. Therefore,
ruminal biohydrogenation is not the major pathway contributing for the cis-9, trans-11-CLA

content in milk and meat fat (DHIMAN et al., 2007).

1.1.2 Endogenous biosynthesis of CLA-isomers

Regarding the endogenous synthesis of CLA-isomers, the TVA produced by
microorganisms of rumen reaches the mammary gland and adipose tissue through blood. In
these tissues, the TVA is converted to CLA-isomers, mainly cis-9, trans-11-CLA (Jin et al.,
2012). Therefore, TVA, which is a positional and geometric isomer of cis-9-oleic acid
(C18:1), acts as precursor of cis-9, trans-11 CLA mainly in mammary and adipose tissues of
ruminants (SALSINHA et al., 2018), as showed in Figure 2. As result, cis-9, trans-11 CLA 1is
the predominant CLA-isomer in milk and dairy products as well as in meat and processed
meat products from ruminants (MONDRAGON, 2016).

Additionally, Stearoyl-CoA desaturase (SCD; A9-desaturase) is the enzyme that plays
a key role in conversion from TVA to cis-9, trans-11 CLA in mammary and adipose tissues
(MIERLITA et al., 2011). It catalyzes A9-cis desaturation of a range of fatty acyl-CoA
substrates, being the SCD1 isoform those that predominates in mammary and adipose tissue

of ruminant species (JACOBS et al., 2011).
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1.1.3 Chemical synthesis of CLA-isomers

Commercial synthetic CLA isomer mixtures present cis-9, trans-11 and trans-10, cis-
12-CLA as major isomers, although the CLA isomer distributions ranges significantly
amongst commercial samples: cis-9, trans-11 (24.33 to 37.73%); trans-10, cis-12 (34.93 to
38.92%); trans-9, trans-11/trans-10, trans-12 (trace amount to 3.64%) isomers. In addition,
those differences in isomeric composition of commercial CLA could be attributed to
differences in fatty acid composition of the primal oils used to make the CLA and the
isomerization reactions conditions (YU; ADAMS; WATKINS, 2003). Supplements made of
CLA isomers are synthesized in the laboratory from linoleic acid derivate from sources such
as sunflower, safflower, soybean and corn oils. This reaction implicates alkaline water
isomerization (NIEZGODA et al., 2016) and isomerization in propylene glycol (SILVA-
RAMIREZ et al., 2016). Most of the aforementioned CLA isomers are present in food in very
tiny amounts apart from have physiological effects of unknown or little biological relevance
(DHIMAN; NAM; URE, 2007). Its chemical synthesis also produces various toxic
substances. Although substantial amounts of 9- and 10-CLAs can be produced commercially
by chemical isomerization, it is necessary to purify the product (which makes its costly and

limited) (MITCHELL; MCLEOD, 2008).

1.2 INCIDENCE OF CLA-ISOMERS IN FOOD

A total of 17 natural CLA-isomers were described in milk, dairy products and beef
through high-performance liquid chromatography (HPCL) and gas chromatography (CQG).
These isomers present naturally in foods from ruminants were identified as cis-9, trans-11;
cis-8, trans-10; cis-7, trans-9; cis-9, cis-11; cis-11, cis-13; trans-12, trans-14; trans-11, trans-
13; trans-10, trans-12; trans-9, trans-11; trans-8, trans-10; trans-7, trans-9; trans-7, cis-9;
trans-6, trans-8; cis-12, trans-14; trans-11, cis-13; cis-11, trans-13; and cis-10, trans-12
(DHIMAN; NAM; URE, 2007). As previously reported, cis-9, trans-11-CLA is the
predominant CLA-isomer in food of ruminant origin, presenting ratio of 69-79% in relation to
total CLA in milk and derivatives and of 59-78% in beef. On the other hand, trans-10, cis-12-
CLA represents less than 2% of total CLA in these food (MARTINS et al., 2007). Trans-10,
cis-12-CLA demonstrated a therapeutic potential effect, as lipogenesis reduction (ARIAS et
al., 2014), cancer prevenction in vivo model (BASSAGANY A-RIERA et al., 2012) and some
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human clinical trials, which has drawn the attention of the scientific academy to its study
nowadays (McGOWAN et al., 2013).

The variations of CLA levels in food fat from ruminants are due to influence of
animal’s diet, breed, age, non-nutritive feed additives (such as ionophores) and by the use of
synthetic mixtures of CLA supplements (FERNANDEZ; RODRIGUEZ, 2012). Among these
factors, the animal’s diet is considered more relevant to influence the CLA content, since the
more substrates are provided, the greater the CLA synthesis (SIURANA; CALSAMIGLIA,
2016).

1.2.1 Content of CLA-isomers in raw meat and processed meat from ruminants and

non-ruminants

The content of CLA (only cis-9, trans-11-CLA or cis-9, trans-11-CLA more trans-10,
cis-12-CLA) measured from raw meats is showed in Table 1. The highest concentrations of
CLA are in lamb (4.3—19.0 mg/g lipid) and beef (1.2—10.0 mg/g lipid), while for veal and
turkey meat the CLA values were 2.7 and 2.5 mg/g lipid, respectively (MONDRAGON,
2016). On the other hand, pork, chicken, and meat from horses present the lowest mean
concentrations of CLA: 0.65, 0.9 and 0.6 mg/g lipid, respectively. Meat from fish and seafood
also are relatively poor in CLA-isomers (0.1-0.8 and 0.3-0.6 mg/g lipid, respectively)
(MONDRAGON, 2016). Based on those findings, it could be concluded that highest values of
CLA are reported for meat from ruminants than non-ruminants. Moreover, data on CLA
content in animal’s meat that are less usual in human diets, such as meat from elk (1.3-2.1
mg/g fatty acid methyl ester - FAME), bison (2.9—4.8 mg/g FAME), water buffalo (1.83 mg/g
fatty acids), and zebu-type cattle (1.47 mg/g fatty acids) are also available (dle MENDOZA et
al., 2005; RULE et al., 2002). Changes in CLA levels in meat are attributed to seasonal
variations, animal genetics, and production practices (ALDAI et al., 2011). In spite of that, for
all cases reported, cis-9, trans-11-CLA is the predominant CLA-isomer in meat. Indeed, cis-9,
trans-11-CLA accounted 78% of the total CLA in beef fat from ruminants (BADIANI et al.,
2004). Chin et al. (1992) reported that between 76% and 92% (depending on the species) of
the total CLA is of cis-9, trans-11-CLA in beef.
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Table 1 - Content of CLA-isomers in raw meats from ruminants and non-ruminants.

Reference Lamb Beel Veal Pork Chicken Turkey Horse
{in mg/g fat)
Chin et al. (1992) 5.6 29-43° 27 0.6 0.9 25
Shantha ct al. (1994) 5.8-6.87
Dufey (1999) 11.0° 3.6-6.2" 0.7° 0.6*
Ma ct al. (1999) 1.2-3.0%*
Raes et al. (2003) 401004
Badiani et al. (2004) 4.32
{in mg/g FAME])
Fritsche and Steinhardt ( 1998) 12.0° 6.55 i3/ 158 1.5 2,06
Rule et al. {2002) 2:7-5:6504 0.7
Wachira et al. (2002) B8-108°
Knight et al. (2004) 19.0°

FAME = fatty acid methyl ester.
? Meat from different production systems/countries.
" Different pieces of carcass (and eventually different animals).
© Only ¢9.r11-18:2 measured.
2 Only ¢9.011-18:2 and £10,¢12-18:2 measured.

Source: SCHMID; BEE, 2006.

Large variations in the CLA content within muscles of the same species also might
occur. However, in some case, the large animal-to-animal variations whithin same specie did
not allow to observe differences in the CLA content between breeds or beef muscles
(SHANTHA et al., 1994; RAES et al., 2003). Additionally, variations in CLA content of meat
from different origins might occur, as reported in beef ribeye steaks purchased from several
different stores in western Canada, in which the CLA content varied from 6.18 to 68.50
mg/100 g meat (PREMA et al., 2015). Consistently, differences on CLA concentration in beef
from different countries are described. For example, CLA concentration in beef from
Argentine, Brazil and USA varied by 70% (3.6—6.2 mg/g lipid), such as Argentine and Brazil
presented higher CLA levels than USA. These differences were attributed to differences in
animal feeding regime between different regions (DUFEY, 1999).

Regarding to meat products, the CLA content ranged from 0.8 to 6.6 mg/g FAME, as
showed in Table 2. Among processed meats, corned beef presented the highest CLA content
of 6.6 mg/g FAME, followed for smoked german sausage (4.4 mg/g FAME) and salami (4.2
mg/g FAME). On the other hand, lowest CLA values were found in turkey frank (1.6 mg/g
FAME) up to 1.5 and 0.8 mg/g FAME in wiener and smoked bacon, respectively (SCHMID;
BEE, 2006). However, it is important to highlight that data on CLA content in meat products
are scarce. Meat products were analysed by Chin et al. (1992) as well as Fritsche e Steinhardt
(1998). CLA amount in meat products is comparable to raw meat. It indicates that the
processing method does not influence the CLA content in product (CHIN et al, 1992;
FRITSCHE; STEINHARDT, 1998). This corroborates the animal’s diet as most important
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factor influencing the CLA content in meat, since it provides the substrates for the CLA

synthesis (KHANAL; OLSON, 2004).

Table 2 - Content of CLA-isomers in processed meats (mg/g FAME).

Meat product N CLA content
Salami 2 4.2
Knackwurst 2 37
Black pudding 2 3.0
Mortadella 2 29
Wiener d 1.5/3.6
Liver sausage 2 33
Cooked ham 2 27
Beel [rank 2 33
Turkey frank 2 1.6
Beef smoked sausage 2 iR
Smoked bacon® 7 0E-2.6
Smoked bratwurst 3 24
Smoked German sausage for spreading 2 44
Smoked ham 2 9
Smoked turkey 2 24
Minced meat 2 35
Corned beef 2 6.6
Potted meat 2 3.0

* Different brands.
Source: SCHMID; BEE, 2006.

Regarding to CLA stability to cook and storage, some studies demonstrated that CLA
has greater stability than other polyunsaturated fatty acids (PUFA). CLA concentrations
(mg/g FAME) did not show reductions in beef patties cooked either rare (60 °C) or well done
(80 °C) applying several cooking methods, such as frying, baking, broiling or microwaving
(SHANTHA et al., 1994). Consistently, Maranesi et al. (2005) reported that both broiling and
microwave cooking did not influence total CLA (mg/g FAME) in lamb rib-loins. Shantha e¢
al. (1994) also examined the effect of storage on CLA concentration in beef patties cooked
(60 °C or 80 °C) and submitted to aforementioned cooking methods. No significant changes
were observed in beef during 7 days of storage at 4 °C. Newly, it was demonstrated that
storage (at -20 °C) of dry aged or wet aged beef during 24 months did not have deleterious
effect on the CLA concentrations (MUNGURE et al., 2017). Therefore, CLA is stable to

oxidative deterioration during both cook and storage (refrigerated and frozen).
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1.2.2 Content of CLA-isomers in milk and derivatives

Milk and dairy products are the most important human dietary sources of CLA-
isomers, providing about 70% of the total CLA daily intake (SERAFEIMIDOU et al., 2012).
Although the original CLA concentration in raw milk is the most relevant factor influencing
the concentration of CLA in dairy product, CLA variations among dairy products elaborated
from same milk indicates that technological processing also could have significant role on
CLA content (RUIZ et al., 2016). The content of average CLA in whole cow’s milk is of 3.4
mg/g lipid (DHIMAN et al., 2005), but it could achieve up to 30 mg/g lipid depending from
source (LAWSON, 2001), as showed in Table 3. This variation is mostly attributed to the
dietary regime offered to the animals (GUTIERREZ, 2016). The animal’s specie also
influences the CLA content in milk. In broad, CLA levels is higher in goat’s (5.30 mg/g lipid)
than cow’s milk (3.4 mg/g lipid) (PECOVA et al., 2019). Differences in CLA content of dairy
products, when milk from various sources is utilized, is also observed. For example, for
yogurts, its values ranging from 1.28-15.01, 4.05-12.50 and 4.33-9.76 mg/g lipid in cow,
sheep and goat’s milk yogurt, respectively (SERAFEIMIDOU et al., 2012).

Table 3 - Content of CLA in food, including milk and derivatives.

Food Total CLA (g/kg fat) cis-9,frans-11 CLA (/100 kg total CLA)
Butter 9-4-11-9 91-0

Processed cheese 3-2-8-9 17:0-90-0

Matural cheese 0-6-7-1 17-0-90-0

Yoghurt 5-1-9-0 82-0

T-bone steak (cooked) 4-7-9-9 65-0

T-bone steak (raw) 4-4-6-6 59-0

Vegetable oils 0-2 45-0

Milk fat 2:0—=30-0 80-0

CLA, conjugated linoleic acid.
Source: LAWSON et al., 2001.

In broad, dairy products present higher total CLA level than raw milk probably
because of manufacture processing (RUIZ et al., 2016). However, more researches are needed
to elucidate the accurate effect of the processing conditions of dairy products in CLA content
(GUTIERREZ, 2016). Among dairy products, butter is the richest in CLA, range from 8.09 to
11.9 mg/g lipid (PESTANA et al., 2009; LAWSON et al., 2001). Although they have smaller
amounts, cheese, yogurt and dairy beverage are also good sources of CLA. In cheese, CLA
content was reported to ranges from 0.6 to 7.1 and 3.2 to 8.9 mg/g lipid in natural and
processed cheese, respectively (LAWSON et al., 2001). Consistently, Luna et al. (2007)



31

reported CLA values of 6.0-9.5, 5.2-6.5 and 3.0-3.8 mg/g lipid in Mahdén, Manchego and
Cabrales cheese, respectively. However, CLA content is up to 14 mg/g lipid in cheese from
different brands was also reported (PESTANA et al., 2009). Formation detecting of new
CLA-isomers during ripening cheese bring to conclusion that biohydrogenation of ALA could
lead to the synthesis of CLA isomers as intermediates during cheese processing (GNADIG et
al., 2004). CLA levels in yogurts was described to vary from 5.1 to 9.0 mg/g lipid (LAWSON
et al., 2001). In line, Jéssica et al. (2015) found out mean CLA values of 6.31 mg/g lipid in
commercial yogurts. However, CLA content reaching up to 15.01 mg/g lipid was also
reported in commercial Greek cow’s milk yogurts (SERAFEIMIDOU et al., 2012). CLA
concentration raising in fermented dairy products could be explained by the usage of starter or
probiotic LAB, which may contain linoleate isomerase enzyme activity (VIEIRA et al.,
2017). Dairy beverages showed slightly lower CLA amount (5.46 mg/g lipid) than the
average CLA value reported for yogurt (6.31 mg/g lipid) (JESSICA et al., 2015). CLA
content (7.3 mg/g lipid) in powdered milk was higher than in beverages but lower than in
yogurts (AVILEZ; MEYER, 2014). On the other hand, sweetened condensed milk (4.5 mg/g
lipid) had lower CLA content. Therefore, the technological processing involved in elaboration
of this product seems to affect negatively the transferring of CLA from fresh milk into the
final product (RUIZ et al., 2016). Additionally, in all cases, for both milk and derivatives, the
cis-9, trans-11-CLA was the major CLA-isomer present in food. This agrees with Gutiérrez
(2016), which reported cis-9, trans-11-CLA representing between 72.6 to 91.2 % of total
CLA in milk and dairy products. Conversely, trans-10, cis-12-CLA represents only 0.1-1.5 %

of total CLA in these products, as showed in Frame 1.
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Frame 1 - Distribution of CLA-isomers (% of total CLA isomers) in milk and derivatives.

Isomer Percentage of the total isomers
C18:2 ¢is9, transl 1 72.6-91.2
CI18:2 rrans7 . ¢is9 1.2-8.9

C18:2 trans9, trans 1 1 0.8-2.0
Cl8:2 ransll. transl3 0.5-4.2
C18:2 trans 12, rrans14 0.3-2.8
C18:2 rrans 10, rransl?2 0.3-1.3
C18:2cisl 1, transl3 0.2-4.7
C18:2 trans8. trans10 0.2-0.4
Cl18:2 transll, cisl3 0.1-8.0
C18:2 rrans9, frans <0.1-2.4
C18:2 trans8, ¢is10 <0.1-1.5
C18:2 trans10, cis1 2 <0.1-1.5
CL8: 2 cisl2, transl4 <0.01-0.8
Orther cis-cis 0.1-4.8

Source: GUTIERREZ, 2016.

About oxidative stability of CLA, Martinez-Monteagudo ef al. (2015) demonstrated
that fractions of CLA-isomers are more than 78 % remaining after treatment of CLA-enriched
milk with ultra-high temperature (UHT) at 125—-145 °C for 2-20 s; similarly, CLA remained
stable in milk after 15 days of storage both at 4 °C (60-70 %) and at 25 °C (67-75 %).
Addition to that, Lynch et al. (2005) showed that CLA in enriched pasteurized milk exposed
to light-induced oxidative treatment remains stable after 14 days of storage at 4 °C. In CLA-
enriched butter, the shelf life was similar to the conventional butter during storage (5—6 °C for
6-8 weeks) (MALLIA et al., 2008). In this way, CLA present in food products exhibit
improved stability probably due to the bonded structure and the presence of other anti-

oxidants (GONG et al., 2019).

1.3 INCREASE OF CLA-ISOMERS CONTENT IN FOOD: A TECHNOLOGICAL
CHALLENGE

Among the identified CLA-isomers, the cis-9, trans-11-CLA and trans-10, cis-12-
CLA are described as biologically active, showing protective effects against several diseases,
including chronic inflammatory diseases (BENJAMIN; SPENER, 2009). However, CLA
intake values through its natural sources are below of level recommended for achieving
beneficial effects on human health (DILZER; PARK, 2012). Overall CLA daily intake in
human diet ranges from 70 to 430 mg/day (BAUMAN; LOCK, 2006). Considering the
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conversion of TVA from diet to CLA by the A9-desaturase enzyme occurs in the human body,
the mean CLA intake of 650 mg/day could be achieved (GORISSEN et al., 2015).

A diet can provide up to 21.7% of CLA levels recommended for achieving health
benefits (about 3-4 g CLA/per day) (DILZER; PARK, 2012). Thus, a considerable research
effort have been made in order to increase the CLA concentration in milk and dairy products
and raise CLA population intake. Currently, handing animal’s diet (SIURANA;
CALSAMIGLIA, 2016) and milk fermentation with CLA-producing bacteria (alone or in
combination with starter cultures) are the main technological strategies studied to goal this

objective (GORISSEN e al., 2015).

1.3.1 Manipulation of animal’s diet to increase CLA content in dairy products

The major substrates for biohydrogenation are LA and ALA and after being subjected
to a sequences of isomerizations result in formation of TVA in rumen, being TVA the main
precursor of endogenous synthesis of cis-9, trans-11 CLA in the mammary gland (GARCIA
et al., 2017). Besides, vegetable fats are rich sources in LA and ALA substrates (MURUZ;
CETINKAYA, 2019). Siurana e Calsamiglia (2016) demonstrated that, among feeding
strategies in order to increase the CLA concentration in milk (vegetable fats, fish oils or the
combination), the best are those supplemented with vegetable fats rich in LA and diets
supplemented with fish oils plus vegetable fats. The latter increased the CLA content in 2.1
times (395 mg of cis-9, trans-11 CLA/L versus 188 mg of cis-9, trans-11 CLA/L in
conventional milk). Additionally, green pasture is rich in ALA (GOMEZ-CORTES et al.,
2009) and it is great to increase CLA content in milk (1.8 fold), being cheaper than fat
supplements (MURUZ; CETINKAY A, 2019). As long as green pasture intake increased, the
content of ALA (R? = 0.69) and CLA (R? = 0.79) enhance linearly in milk (dle RENOBALES
et al., 2012). Pasture plant species also has a meaning effect on CLA content in milk. For
example, legume-based pastures are associated with higher levels of CLA and ALA and lower
levels of saturated FA than ryegrass pasture (ADDIS et al., 2005).

Vegetable fats could be supplemented as free oils, protected oils, raw seeds or
processed seeds. However, extruded seeds or oils are those that greater enhance CLA content
(1.95 and 1.93 fold, respectively) (SIURANA; CALSAMIGLIA, 2016). This could be
attributed to the fact that when oil is inside intact seeds, it is released gradually, whereas when
it is given as free oil or through processed seeds it is immediately available in the rumen

(STANTON et al., 2003), being biohydrogenated to CLA-isomers (GARCIA et al., 2017).
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Similar to observed for cow’s diet, addition of vegetable oils in the diet of dairy sheep and
goat is a useful strategy when the diet of these animals has a poor content of CLA precursors,
which could be occur when stored forages are used (NUDDA et al., 2014). In fact,
correlations between the daily intake of ALA through animal’s diet and the daily cis-9 trans-
11 CLA content in milk was found (R? = 0.80) (CABIDDU et al., 2006). A milk CLA
concentration of 3.44 g/100 g of fat was reached with a very high dose of soybean oil (140
g/day) in diet (KUCUK et al., 2004). Moreover, supplementation with soybean oil (2.58
g/100 of FA) is more effective than linseed oil (1.59 g/100 of FA) in raising cis-9, trans-11
CLA content in sheep’s milk and cheese (BODAS et al., 2010). This suggests that complete
ruminal biohydrogenation is higher in diets supplemented with oils rich in ALA (linseed) than
oils rich in LA (soybean), and this behavior is similar those observed in cows (BU et al.,
2007). Fish oil plus vegetal fat was more effective than vegetal fat alone to increase cis-9,
trans-11 CLA in sheep milk; fish oil supplemented at 0.50% plus 3.5% of soybean oil per day
caused a cis-9, trans-11 CLA increase of 1.2 fold in sheep milk compared to diet
supplemented with soybean oil alone (MOZZON et al., 2002). Despite being poor in LA and
ALA, fish oil inhibits the reduction of TVA to stearic acid (C18:0) by rumen bacteria
(FERREIRA et al., 2011). Finally, a high pasture diet increased in 2.56 fold the content of
cis-9, trans-11 CLA in sheep milk compared to a low pasture diet (2.15 g/100g of FA against
0.84 g/100g of FA, respectively). It is worth noting that pasture is a cheaper alternative to
increase CLA in sheep milk (NUDDA et al., 2003). Furthermore, the development and usage
of protected fat sources, such as calcium salts of FA, have been proposed as way to decrease
completely biohydrogenation of unsaturated FA in the animal’s rumen, in order to enhance
CLA and PUFA content in milk (BETTERO et al., 2017).

Considering the average milk and dairy products intake in human diet, the ingestion of
CLA in these foodstuffs from animals exposed to feed handling would increase the intake
from 0.21 g/day to 0.44 g/day of CLA. Plus, the mean of CLA effective intake (ingested plus
endogenous) would be 0.62 g/day of CLA (SIURANA; CALSAMIGLIA, 2016). This
indicates that those CLA-enriched dairy products would be unable to achieve the
recommended therapeutic level of 3-4 g/day (DILZER; PARK, 2012). It is important to
highlight that CLA therapeutic levels in humans was extrapolated from animal studies
(WHIGHAM et al., 2007) and therefore could be overestimated, therefore other
supplementation alternatives may be needed to reach CLA content in food (SIURANA;
CALSAMIGLIA, 2016).
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1.3.2 Fermentation with probiotic LAB to increase the CLA content in dairy products

Some studies investigated the role of LAB in CLA production due to reports of higher
CLA content in fermented dairy products than in no fermented milk. Since then, several LAB
strains of food grade have been identified as potential producers of CLA, such as
Bifidobacterium, Enterococcus, Lactobacillus, Lactococcus, Propionibacterium and
Streptococcus (ANDRADE et al., 2012). It should be noted that many of these LAB strains
have probiotic potential (CAMPANA et al., 2017). Probiotics were defined by the FAO /
WHO as “living organisms that, when ingested in defined doses, have health beneficial
effects” (FAO/WHO, 2006). Probiotics colonize the intestine by competitive exclusion (by
either nutrients, adhesion sites or production of antimicrobials) and prevent intestinal
colonization by potentially pathogenic microorganisms. In addition, these microorganisms
have role as modulators of the immune system (CONTE-JUNIOR et al., 2007). Besides
probiotics also prevent chronic gastrointestinal inflammatory disorders (RITCHIE;
ROMANUK, 2012), including colon cancer (KUMAR et al., 2015; KUUGBEE et al., 2016),
alleviate diarrheal diseases (DOMINGO et al., 2017) and regulate diabetes (GOMES et al.,
2014; SAMAH et al., 2016). Since probiotics offer health benefits much more than traditional
nutritional foods, they are examples of functional foods. However, the current knowledge of
potential effects of probiotics on neurological diseases are still poor and incomplete (BEGUM
etal., 2017).

These findings motivate a concern in production of foods through inoculation of
probiotic strains with CLA production ability. The inoculation in milk of probiotic starter
strains belonging to the group of LAB with potential for CLA production can be used to
obtain probiotic fermented dairy product enriched in CLA (KHOSRAVI-DARANI et al.,
2014; RIBEIRO et al., 2018).

Studies have also demonstrated the production of CLA by bacteria present inside the
intestine. When LA was provided to germ-free mice, CLA production did not occur in them,
but only in conventional mice (DRUART et al, 2015). This demonstrates that
microorganisms in the intestinal tract are capable of producing CLA and that the
concentration of CLA in host tissues could be increased not only by ingesting CLA-rich
fermented dairy products, but also by modifying the intestinal microbiota with probiotic LAB
with ability to produce CLA present in those foods (DRUART et al., 2014).

By means of utilization of Lactobacillus plantarum ZS2058 as a representative strain,

a pathway for the isomerization of LA in CLA by LAB has been proposed (YANG et al.,
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2014). The LAI (linoleic acid isomerase) involved in detoxifying mechanism of PUFA in
bacterial cells seems to be a multicomponent enzyme system localized in both cell's
membrane and soluble fractions; this multicomponent enzymatic system consists of multiple
reactions where four enzymes perform different functions, as illustrated in Figure 3
(SALSINHA et al., 2018). The single membrane fraction, denominated CLA-hydratase,
initially catalyzes the hydration of LA to 10-hidroxi-18:1. Then, the dehydrating
isomerization of 10-hydroxy FA occurs as follows: CLA-dehydrogenase plays a role in the
oxidation of hydroxyl groups and the reduction of oxo groups. After, CLA-isomerase
performs the migration of double bonds, and the final saturation step of 10-hidroxi FA is

carried out by CLA-enone reductase (YANG et al., 2014; SALSINHA et al., 2018).

Figure 3 - Multienzymatic system proposed for conjugation of linoleic acid in lactic acid bacteria. LAI: linoleic
acid isomerase; LA: linoleic acid; LNA: linolenic acid; CLA: conjugated linoleic acid; FA: fatty acid; MCRA:
myosin-cross-reactive antigen.

/ Isomerase family \

e g
Membrane LAI

Bifidobacterium,
Clostridium and

( Cytoplasmic LAl

Propionibacterium
acnes

Lactobacillus

- N —
LA HO.c12 CLA LA 10, ¢12 CLA

9,11 CLA
€9.M1.c15 CLNA

19,111.¢15 CLNA /'_'\ /

\LM\

/*\_
Enone reduclau
Multi-component Hydratase
enzymatic system family

(L. plantarum) ,-——-\

LA CLA

Source: SALSINHA et al., 2018.

Kefir is a dairy drink, which is elaborated by adding kefir grains to milk for
fermentation (VIEIRA et al., 2020). Kefir grains are a symbiotic microbial community
composed of several species of LAB, acetic acid bacteria and yeast, so that there is a wide
diversity among these microorganisms (PLESSAS et al., 2017). The grains have an irregular
multilobular structure (Figure 4), being joined by a single central section and their size range
from 0.3 to 3.5 cm in diameter (LEITE et al., 2013). They are also composed of proteins and
polysaccharides that cover this complex microbiota, which may have its specific probiotic

microorganisms characterized and isolated (KAKISU et al., 2011). This is because food
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industry prefers to apply isolated probiotic microorganisms from kefir grains rather than kefir
grains in order to produce respective fermented products with added value (HAMET et al.,
2015). Furthermore, kefir is considered a probiotic drink with functional compounds and has
many beneficial physiological effects associated with its consumption, such as improved
digestion and tolerance to lactose, antibacterial effect, hypocholesterolaemic effect, control of
plasma glucose, anti-hypertensive effect, anti-inflammatory effect, antioxidant activity, anti-

carcinogenic activity, anti-allergenic activity and healing effects (ROSA et al., 2017).

Figure 4 - Kefir grains. Grains with irregular multilobular structure joined by a cross section.

Source: CARNEIRO et al., 2010.

Preliminary studies carried out by our research group have shown that fermented milk
with kefir grains from different origins had varying levels of CLA. The fatty acid profile and
CLA levels at the end of the fermentation of milk seemed to be related to the species that
constituted the grains (VIEIRA et al., 2015). Thus, the isolation of probiotic strains with a
high potential for CLA formation from this matrix would be enable to future use of these
strains to obtain enriched dairy products, or even to obtain the concentrated CLA produced by
these strains.

LA in its purest form is an expensive substrate for the production of CLA by food
grade microbial cultures; thus, vegetable oils rich in LA have been used as an economical
source of substrate achievable to be used by food industry (Hosseini et al.., 2015). Sunflower
oil, in addition to its low cost, has a high concentration of LA (60-75%), which allows its use

as an alternative source of LA for the production of CLA (FUENTES, 2011).
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1.4 PHYSIOLOGICAL EFFECTS OF CLA-ISOMERS IN ANIMAL MODELS AND
HUMAN CLINICAL TRIALS

CLA has anti-obesity, anticarcinogenic, and anti-inflammatory effects as well as
prevents cardiovascular diseases (KOBA; YANAGITA, 2014). Despite wide evidence of
health beneficial effects of CLA from animal models, findings in humans are still
inconclusive; further studies with defined subject characteristics, experimental times, and
CLA doses and preparations will help to understand the role of CLA in human health
(DILZER; PARK, 2012).

1.4.1 Health benefits of CLA in peripheral organ systems

Unlike central nervous system, which has few reports on CLA effects, there are a well-
developed literature describing the potential for therapeutic effects of CLA in peripheral
organs system and disorders (MONACO et al., 2019; Queiroz et al., 2019a).

¢ Anti-obesity effects of CLA

Supplementation with trans-10, cis-12 CLA has shown to be effective in reducing
body fat in a number of animal models (e.g. mice (ROSBERG-CODY et al., 2011), rats
(ARIAS et al., 2014), hamsters (SIMON et al., 2006), pigs (QI et al., 2014) and in humans
(RACINE et al., 2010). It is important to highlight that there is a wide animal species-specific
difference in the magnitude of body-fat reducing effect of CLA, with a prominent response in
mice (KOBA; YANAGITA, 2014). On the other hand, cis-9, trans-11 CLA did not
demonstrate significant effect on lean body mass; it was reported that dietary trans-10, cis-12
CLA but not cis-9, trans-11 CLA lowered hepatic triglyceride and cholesterol concentration
while reduces hepatic levels of fatty acid synthase in obese rats (WANG et al., 2006). On the
other hand, despite did not present effect in lean body mass content, trans-10, cis-12 CLA
was able to reduce body weight besides reduce adiposity in obese and lean mices. It suggests
that the rate of stem cell to preadipocyte differentiation decreased (YEGANEH et al., 2019).

Decrease in mice body fat (range from 43 to 88%) was obtained following 1 %
mixture CLA feeding with either high-fat or low-fat diets for 5 to 6 weeks (WEST et al.,
2000; WEST et al., 1998). In Marques et al. (2015), standard diet supplemented with trans-
10, cis-12 CLA (0.5%, w/w) for 8 weeks decreased significantly visceral fat mass in mice,
although it has not affected body weight. For experimental model of diet-induced obesity and

supplemented with equimolar mixture of trams-10, cis-12 CLA and cis-9, trans-11 CLA
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(0.5%, w/w) for 6 weeks, significant reductions in lipogenesis and fatty acid uptake and the
increase in lipolysis in adipose tissue of rats was observed (ARIAS et al., 2014). These effects
can be attributed to induction of apoptosis in adipocyte cultures (MARTINEZ et al., 2010), as
well as in brown and white adipose tissue, due to TNF-a and uncoupling protein-2 (UCP-2)
induction by trans-10, cis-12 CLA (KIM et al., 2011). In addition, trans-10, cis-12 CLA
inhibits transcription of enzymes involved in de novo fatty acid synthesis, desaturation of fatty
acids and triacylglycerol synthesis (MA et al., 2014). Coherently, CLA was found to enhance
fatty acid B-oxidation in muscle and brown adipose tissue, and oxygen consumption and
energy expenditure in obese rats (RAHMAN et al., 2001). CLA's anti-obesity properties are
thought to be a result of (1) reduced energy intake by suppressing appetite, (2) inhibition of
fatty acid metabolism, adipogenesis and lipogenesis, (3) increased lipolysis, (4) decreased
adipocyte size and (5) increased fat oxidation and energy expenditure in white adipose tissue,
muscle and liver tissue (KENNEDY et al., 2010). Changes in lipid metabolism in mice fed
with trans-10, cis-12 CLA-supplemented diet may be partially mediated by modulating
stomach protein expression and exerting a prebiotic effect on benefic gut bacterial species
(CHAPLIN et al., 2015).

However, such effects reported in animal models seems to be inconsistent and less
distinguished in humans (VILADOMIU et al., 2015). Two studies involving either healthy
exercising humans (given 1.8 g CLA/day), overweight and obese humans (1.7-6.8 g
CLA/day) for 12 weeks showed significant fat mass reduction (4%) without change in body
weight (BLANKSON et al., 2000; THOM et al., 2001). In addition, 2.5 kg reduction of body
weight and 1 kg fat mass reduction in obese volunteers during a trial of supplementation with
2.7 g CLA/day for 6 months was reported (ATKINSON, 1999). Similarly, Risérus, Berglund
e Vessby (2001) found a significant reduction (0.6 cm) in sagittal abdominal diameter by 4.2
g CLA/day given to middle-aged obese men during 4 weeks. It was also reported that CLA
supplementation (3.4 g/day in triglyceride form) for 1 year decreased body fat mass in healthy
overweight humans (GAULLIER et al., 2004). On the other hand, no effects on body weight
have been reported in normal weight humans taking 0.6— 6 g/day CLA for periods of 4-14
weeks, regardless of whether the CLA was provided as a mixture of two isomers or as a single
isomer (PLOURDE et al., 2008). Still, one study reported no effect of CLA supplementation
on body weight and fat in overweight and obese individuals (PLOURDE e¢ al., 2008). For
patients with metabolic syndrome, a meta-analysis investigated the efficacy of orally
administered CLA over a period longer than 4 weeks and showed significant decreasing in

body weight (—0.51 kg) and body mass index (—0.18 kg/m?) when CLA was ingested. CLA
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supplementation seems to be efficient to decrease peripheral compartment in overweight
children, while visceral fat was maintained. The group received 3g/day of mixed CLA or
placebo for 6 months (RACINE et al., 2010). However, it is necessary to assess that CLA
could adversely reduce HDL. Hence, some cares should be taken with CLA usage in
metabolic syndrome patients with low HDL (KIM et al., 2016b). Inconsistent outcomes
throughout clinical studies might be due to the large variation of (1) CLA mixture isomers
used, (2) dose administered, (3) duration of the treatment, (4) study populations (age, body
weight, body fat or metabolic status of the subjects), (5) gut microbiome, and (6)
inflammation status (VILADOMIU et al., 2015).

e Anticarcinogenic effects of CLA

Both trans-10, cis-12 CLA and cis-9, trans-11 CLA have been described to be
anticarcinogenic (ABEL; ARENDSE; GELDERBLOM, 2014). The evidence suggests that
anticarcinogenic effect of CLA is much stronger than that of ®-3 fatty acids, such as
eicosapentaenoic (EPA) and docosahexaenoic (DHA) acids, whose anticarcinogenic effects
are well known and require at least 5-10% weight to exert significant effect (NIEZGODA et
al., 2017). Nevertheless, trans-10, cis-12 CLA had strongest anti-carcinogenic effect than cis-
9, trans-11 CLA on human colon cancer cells, where caco-2 cells were incubated up to 72 h
with 200 uM of each isomer (BEPPU et al., 2006). Similarly, trans-10, cis-12 CLA
derivatives had better anticancer properties against human promyelocytic leukaemia, breast
cancer and colon cancer cell lines than cis-9, trans-11 CLA and a mixture of both isomers
(NIEZGODA et al., 2017). There are evidences that the two CLA isomers differ in anticancer
activity; cis-9, trans-11 CLA linked mostly to cytotoxicity and apoptosis, while trans-10, cis-
12 CLA possesses a different mechanism mostly involving cell cycle arrest (ABEL;
ARENDSE; GELDERBLOM, 2014). CLA in animal’s diet showed Delta-6-desaturate (D6D)
decreased activity, which may confirm the anticancer properties of these isomers
(STARWARSKA et al., 2015). D6D is a rate-limiting enzyme used for energy and signaling
by cells and is responsible for maintaining many aspects of lipid homeostasis and normal
health. This enzyme take part in the synthesis of arachidonic acid, a fatty acid well-known by
its pro-inflammatory effect (PENDER-CUDLIP et al., 2013).

A diet supplemented with 1% of a mixture of trans-10, cis-12 CLA and cis-9, trans-11
CLA (50:50%) during 42 days prior to the induction of colitis and cancer ameliorates
inflammation-driven colorectal cancer, upregulating the levels of regulatory CD4+ T cells in
mesenteric lymph nodes of mice (EVANS et al., 2010). Suchlike diet with 1% CLA for 24

days prior the induction of inflammation-related cancer resulted in a faster recovery of acute
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inflammation by chemically-induced colorectal cancer in mice; CLA reduced colonic
adenoma and adenocarcinoma formation as well as decreased colonic ciclo-oxigenase-2
expression (BASSAGANY A-RIERA et al., 2012). Rats fed with diet supplemented with 20%
of cis-9, trans-11 CLA up to 32 weeks after induction of mammary gland carcinogenesis
showed 46.07% of tumor incidence against 83.33% of control group (diet with 20% of
soybean oil) (KATHIRVELAN et al., 2015). Interestingly, rats fed with CLA-supplemented
diet (1% of trans-10, cis-12 CLA and cis-9, trans-11 CLA, 50:50%) during pregnancy and
breastfeeding inhibited the breast cancer formation in their offspring (BIALEK; TOKARZ;
ZAGRODZKI, 2014). In canine in vitro model of osteosarcoma, trans-10, cis-12 CLA but not
the cis-9, trans-11 CLA, effectively inhibited cell growth and induced apoptosis osteosarcoma
cell line treated with 50 uM of each isomer for 1-4 days. Such inhibition occurred through
increased expression of nonsteroidal anti-inflammatory drug (NSAID) activated gene-1
(NAG-1) (WONG; KIM; PARK, 2015). One mechanism by which CLA exerts
anticarcinogenesis could be due to an activation of peroxisome proliferator-activated
receptors (PPARs). It was shown that CLA was as an activator of PPARY, and thus, inducing
apoptosis and inhibiting proliferation of cancer cells, such as prostate (KUBOTA et al.,
1998), breast (MUELLER et al., 1998) and colon (SARRAF et al., 1999) in in vitro and in
vivo studies. PPARY activators can also inhibit NF-kB, decreasing the cellular proliferation of
cancerous prostate epithelial cells (KOBA; YANAGITA, 2014). No effect of CLA on
inflammation-induced colorectal cancer was observed in immune cell-specific PPARy null
mice, suggesting that CLA is able to modulate the Treg compartment in a PPARy-dependent
fashion (EVANS et al., 2010).

CLA has also been shown to inhibit the growth of various human cancer cell lines.
Cis-9, trans-11 CLA inhibited the proliferation of MCF-7 cells (human breast
adenocarcinoma cell line) by down-regulating the expression of Bcl-2 as well as procaspase-
9. Growth inhibitory ratios of MCF-7 cells treated with 50, 100, and 200 uM of cis-9, trans-
11 CLA for 72h were 13.9%, 22.7%, and 47.6%, respectively (LIM et al., 2014). Coherently,
Altei et al. (2019) reported reduction of phosphocholine level, a cancer malignance
biomarker, in MCF-7 cells treated with 100 uM of CLA for 3 days. Oh et al. (2014) reported
significant suppression of growth rate for different human cancer cell lines; T47D, A549, and
SW480, which are lines derived from patients with breast carcinoma, lung nonsmall cell
carcinoma, and colorectal adenocarcinoma, respectively, were all inhibited by administration
of cis-9, trans-11 CLA (50-200 uM) for 72h. On the other hand, for this same study and

conditions, HT29 cells (cell line of colorectal adenocarcinoma) were not inhibited by CLA. In
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addition, the trans-10, cis-12 CLA isomer (45 uM) had great synergestic effect with 10 pg of
Taxol (broader spectrum anticancer drug), reducing at 45.72 % of viability of human prostatic
cancer cells (PC3 cell line) against 100 % of control viability after 48 h of exposure
(KIZILSAHIN et al., 2014).

Although there is little evidence of CLA anticarcinogenic effect in clinical studies,
some results indicate positive effect of dietary CLA intake protection against cancer in
humans. Breast cancer patients (stage I-III) were given CLA supplementation (7.5g/day) prior
to surgery. CLA supplementation at least 10 days prior to surgery was associated with
reduced S14 levels (correlated with the recurrence of breast cancer) and Ki-67 (tumor
proliferation marker) in tumor tissue in patients with higher cancer scores (II), but not in
patients with lower cancer scores (I) (MCGOWAN et al., 2013). Mohammadzadeh et al.
(2013) reported that supplementation of CLA, 3g/day for 6 weeks, to rectal cancer patients
(Stage II-III) during chemoradiotherapy significantly reduced matrix metalloproteinase
(MMP)-2 and -9, suggesting that CLA potentially reduced angiogenesis and tumor invasion.
Patients with rectal cancer treated with preoperative chemoradiotherapy and receiving 3g of
CLA/day (trans-10, cis-12 CLA and cis-9, trans-11 CLA, 50:50%) during 6 weeks presented
physical function, role function, and cognitive function significantly enhanced. Moreover,
comparison of changes in fatigue, pain and diarrhea scores and global health status scores
between CLA and placebo groups were significant (FARAMARZI et al., 2017). However,
with low number of studies, there is insufficient evidence to determine whether CLA
ingestion has a significant effect on human cancer. Moreover, further well-designed studies
are required, particularly in considering the confounding variables (HARTIGH, 2019).

¢ Prevention of cardiovascular diseases by CLA

Cardiovascular diseases (CVD) are a major cause of death in most developed
countries, being atherosclerosis the primary etiology of most CVD, such as heart attack and
stroke (LAITINEN et al., 2015). Atherosclerotic plaques are characterized by the
accumulation of lipids and inflammatory cells in the arterial wall, which can trigger a rupture
and subsequent ischemic events (XIE et al., 2016). A number of animal studies reported the
anti-atherosclerotic effects of CLA via reduction of total cholesterol, triacylglycerides, LDL-
cholesterol, and blood pressure, as well as enhancement of HDL-cholesterol (DILZER;
PARK, 2012).

The first studies to test the atherogenicity of CLA supplements were performed in
rabbits, species that readily develop human-like atherosclerosis when fed with a cholesterol-

containing diet (FAN et al., 2015). A mixture of CLA (trans-10, cis-12 CLA and cis-9, trans-
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11 CLA, 50:50%) at doses ranging from 0.05%—1% (w/w) during 90 to 154 days consistently
showed reduced aortic lipid deposition (LEE et al., 1994), regression of established lesions,
and improved plasma lipoproteins (KRITCHEVSKY et al., 2004) during regression of
disease. In addition, CLA was able to significantly increase serum and aortic tissue
concentration of IL-10 (an anti-inflammatory and immunosuppressive cytokine) in mice
(McCARTHY et al., 2013). The Syrian Golden hamster is another useful model for studies of
atherosclerosis because of its similar lipoprotein profile to humans when fed with a diet high
in fat and cholesterol (SULLIVAN et al., 1993). Supplementation of 1% (w/w) cis-9, trans-
11-CLA or trans-10, cis-12-CLA with a high-fat, high-cholesterol diet for 12 weeks did not
change atherosclerosis development when compared to 1% (w/w) LA-supplemented controls
in hamsters (MITCHELL et al., 2005). However, improvements in the plasma lipids, such as
increase of HDL, were reported (MITCHELL et al., 2005; NAVARRO et al., 2007). CLA
supplementation may improve some parameters associated with atherosclerosis, although it
does not appear to contribute to atherosclerosis regression in this animal model (HARTIGH,
2019). It is also important to highlight that different CLA isomers as well as its ratios could
have different atherogenic effects (BRUEN et al., 2017).

Two of the most common mouse strains used for the study of atherosclerosis are apoE-
deficient mice (apoE—/—) and Ldlr—/— mice. Both models develop atherosclerosis as a result
of the accumulation of cholesterol-containing lipoproteins in the plasma due to defective
lipoprotein clearance (MEIR; LEITERSDORF, 2004). The majority of CLA supplementation
studies in apoE—/— mice showed a suppression or regression of atherosclerosis, with reduced
atherosclerotic lesion sizes in the aorta, coupled with decreased macrophage accumulation
and expression of pro-inflammatory genes (HARTIGH, 2019). ApoE—/—Ldlr—/— double
knockout mice fed eggs supplemented with 0.5% (w/w) mixed CLA (#rans-10, cis-12-CLA
and cis-9, trans-11-CLA) or trans-10, cis-12-CLA alone during 3 weeks also exhibited
protection from atherosclerosis with a coincident decreased plaque macrophage content
(MITCHELL et al., 2012). The atheroprotection has been attributed to trans-10, cis-12 CLA
isomer in mice (HARTIGH, 2019). Obese Ldlr—/— mice fed with trans-10, cis-12 CLA (1%
w/w) in a 0.15% cholesterol-containing high-fat high sucrose diet showed significant
improvements in aortic and sinus atherosclerosis. Such effect was independent from weight
loss, as a weight-matched control group undergoing caloric restriction did not exhibit such
improvements in atherosclerosis. Perivascular adipose tissue surrounding the thoracic aorta
was also enriched with macrophages “M2 type”, exhibiting high expression levels of

Arginase-1, that is, it there was increase of atheroprotetor macrophage phenotype (KANTER
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et al., 2018). Consistently, trans-10, cis-12-CLA polarized in vivo macrophages in white
adipose tissue towards M2 phenotype, which has shown protection against atherosclerosis
(PINI et al., 2015). However, there are few studies suggesting that CLA supplementation has
negative (TAYLOR et al., 2005) or no effetcs on atherosclerosis (COOPER et al., 2008). The
diferences in results could be attributed to key differences in the lipoprotein profiles and
plaque structure among distinct mice models for atheroscleris, so that studies comparing the
outcomes from these mouse models should be interpreted with caution (HARTIGH, 2019).

CLA positive effects on parameters related to CVD were attributed to following
mechanisms: the involvement of peroxisome proliferator-activated receptors (PPARs, key for
lipogenesis), sterol regulatory element-binding proteins (SREBPs, key for fatty acid synthesis
and elongation), and/or steroyl-CoA desaturase (SCD, key for triglyceride and cholesterol
formation) (DILZER; PARK, 2012).

Human CLA studies focusing on cardiovascular disease risk factors are still
inconclusive, because either positive, negative or no effects were reported (HARTIGH, 2019).
Multiple studies have shown that CLA supplementation is associated with a decline in serum
HDL levels, a lipoprotein usually associated with cardio-protective effects and the lowering of
cholesterol (GAULLIER et al., 2004; RACINE et al., 2010; SOFI et al., 2010). On the other
hand, two other studies observed that CLA supplementation (3 to 4.5 g/day of a 50:50 isomer
blend of trans-10, cis-12-CLA and cis-9, trans-11-CLA) during 8 weeks increased HDL
cholesterol and the ratio of HDL to LDL compared to control subjects (MOLONEY et al.,
2004; ZHAO et al., 2009). A prospective men’s study (aged 60 to 79 years) without prevalent
heart failure followed up for an average of 13 years showed that CLA percentage in their
serum was inversely associated with C-reactive protein and NT-proBNP (N-terminal
pro-B-type natriuretic peptide; a marker of ventricular stress); high CLA percentage was also
associated with significantly reduced risk of heart failure after adjustment for heart failure risk
factors and C-reactive protein (WANNAMETHEE ef al, 2018). On the other hand,
supplementation (4.5 g/day) with a mixed CLA (50:50 %, trans-10, cis-12-CLA and cis-9,
trans-11-CLA) to overweight men for 4 weeks did no improve the endothelial function,
measured by the peripheral arterial tonometry index determination, nor changed
cardiovascular risk factors such as the platelet-activating factor acetylhydrolase activity, C-
reactive protein, paraoxonase, LDL or HDL cholesterol, or triglycerides (PFEUFFER et al.,
2011). Subjects with diagnosed coronary artery disease submitted to diet supplemented with
either 3 g/day mixed CLA (50:50 %, trans-10, cis-12-CLA and cis-9, trans-11-CLA) or a

placebo for two months did no present significant changes in plasma triglycerides, LDL
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cholesterol, or HDL cholesterol (EFTEKHARI et al., 2014). The null effects of CLA on
atherosclerosis observed in some of reported studies can be explained by fact that none of
these trials conducted to date focused in supplementation exclusive with the trans-10, cis-12
CLA isomer (HARTIGH, 2019). It is important to highlight that the trans-10, cis-12-CLA
isomer, but not a mixture of the trans-10, cis-12-CLA and cis-9, trans-11-CLA or cis-9,
trans-11-CLA alone had positive effect on markers for CVD in animal models (KANTER e¢
al., 2018).

A recent meta-analysis concluded that CLA had no positive effects on blood pressure
in humans (YANG et al., 2015). Other markers associated with increased risk of CVD, such
as angiotensin-I converting enzyme (ACE), plasminogen activator inhibitor-1 (PAI-1), or
platelet function (including blood clotting) have no significant changes following CLA
supplementation (ZHAO et al, 2009). However, synergistic effect between CLA
supplementation (4.5 g/day; 50:50 %, trans-10, cis-12-CLA and cis-9, trans-11-CLA) and
hypertension drug therapy (ramipril drug) for 8 weeks was reported to reduce plasma
angiotensinogen and decrease plasma hypertensive adipocytokines in treated obese
hypertensive patients. Therefore, is clear that more long-term studies will be required in order
to measure fully the applicability of CLA on incidence of CVD (DILZER; PARK, 2012).

¢ Anti-inflammatory effects of CLA

Beneficial effects of CLA on immune and inflammatory responses have been reported
in animal models (DILZER; PARK, 2012; YANG; COOK, 2003) and human research clinical
trials (PETERSON et al., 2009). Decreased of colonic inflammation, decreased antigen-
induced cytokine production by immune cells, decreased adverse effects of immune
challenges and modulation of inflammatory mediators (such as cytokines, prostaglandins,
leukotrienes and immunoglobulins) are some of conditions that have been mentioned
(OLESZCZUK et al., 2012). Both cis-9, trans-11 and trans-10, cis-12-CLA isomers
decreased innate immune responses by lowering the activity of monocytes, macrophages,
dendritic cells and natural killer cells and diminishing the production of prostaglandins and
leukotrienes (O'SHEA et al., 2004). Mixtures (50:50%) of cis-9, trans-11 and trans-10, cis-
12-CLA dietary in the regulation of bacterially induced colitis in pigs showed the efficacy of
CLA in ameliorating disease associated with colitis (HONTECILLAS et al., 2002). In this
study, both dietary CLA supplementation and systemic bacterial immunization were able to
decrease colonic epithelial erosion, yet only CLA treatment was able to prevent the
enlargement and thickening of the colonic mucosa. Dietary CLA increased the numbers of

TCRy3CD8aa T cells in peripheral blood and maintained numbers of CD4+ and CD8+ T
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cells in the colonic mucosa. Supplementation of diet of pigs with cis-9, trans-11 and trans-10,
cis-12-CLA (50:50%) enhanced the cytotoxic potential of peripheral blood lymphocytes and
proliferation of TCRafCD8aa T cells. Thus, dietary CLA enhanced cellular immunity by
modulating phenotype and effector functions of CD8+ T cells, which are involved in both
adaptive immunity and can be conditioned to play a role in innate immunity
(BASSAGANYA-RIERA et al., 2001). Both cis-9, trans-11 and trans-10, cis-12-CLA
isomers are able to reduce the production of proinflammatory cytokines by macrophages, and
thus, modulate the environment that supports the differentiation of lymphocytes towards a
more regulatory phenotype during the antigen presentation phase (JIANG et al., 1998).

Several cell culture studies have demonstrated that CLA, particularly the cis-9, trans-
11 isomer, is able to diminish proinflammatory cytokine production, mainly IL-6, TNFa,
IFNy, and IL-1B, which play an important role in the pathogenesis of many chronic
inflammation-mediated diseases (BASSAGANYA-RIERAAND; HONTECILLAS, 2010;
OLESZCZUK et al., 2012). Experiment ex vivo showed decreased NF-«B activation and
TNFo mRNA levels after adding trans-10, cis-12-CLA to LPS-stimulated pig peripheral
blood mononuclear cells (PBMCs) (KIM et al., 2011). In contrast, trans-10, cis-12-CLA
treatment in non-stimulated PBMCs by LPS resulted in differing results, since the authors
report an increased NF-xB activation and TNFa production. It suggesting that CLA could act
as a proinflammatory stuff in environments not stimulated by endotoxin. Besides, CLA may
elicit different actions depending on the environment conditions, thus requiring further
mechanistic investigations (VILAMIDOU et al., 2015). Pre-treatment with cis-9, trans-11-
CLA delays the LPS-induced NF-kB translocation from the cytoplasm and into the nucleus by
preventing IkBa degradation in macrophages and dendritic cells. Interestingly, such CLA
effects were reversed in the presence of an IL-10 neutralizing antibody (LOSCHER et al.,
2005).

Peroxisome proliferator-activated receptors are nuclear receptors and ligand-activated
transcription factors that regulate gene expression involved in energy regulation, glucose
homeostasis and immune function. Those fatty acid receptors are widely expressed in the
immune system (i.e. macrophages, dendritic cells, T cells, epithelial cells) and regulate the
expression of several genes involved in immune cell proliferation, apoptosis and
inflammation (O'SHEA et al., 2004). PPARs are mostly activated by polyunsaturated fatty
acids such as CLA, whereas their interaction with saturated fatty acids results in weak
activation (VILADOMIU et al., 2015). PPAR activation, and PPARYy activation in particular,

has been reported as an important negative regulator of inflammatory responses through
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several different mechanisms including the transcriptional regulation of cytokines,
chemokines and cell survival factors as well as inhibiting the transcription of proinflammatory
factors such as NF-xB, AP-1 and STAT (MACREDMOND et al., 2011). Therefore, PPARYy
activation represents a promising avenue for developing safer nutritional interventions against
inflammation (VILADOMIU et al., 2015). In this context, the anti-inflammatory effects of
CLA are partly mediated through its ability to activate PPARy in imune and epithelial cells
(EWASCHUK et al., 2006).

Regarding inflammation-mediated diseases, obesity is characterized with a systemic
low-grade chronic inflammation (KENNEDY et al., 2010). As previously reported in the
present work, several animal studies, especially in rodents, show beneficial metabolic effects
of CLA, mainly trans-10, cis-12-CLA, resulting in reduced fat deposition and increased lean
body mass (KOBA; YANAGITA, 2014). Asthma is a chronic airway inflammatory disorder
that involves a complex interplay between resident cells, such as epithelial cells and
connective tissue, and infiltrating immune cells including eosinophils and activated T
lymphocytes (MACREDMOND; DORSCHEID, 2011). Recent meta-analysis of several
prospective studies has demonstrated that obesity precedes the development of asthma with a
relative risk for incident asthma in obese adults (BEUTHER; SUTHERLAND, 2007). Weight
loss and modulation of adipokines following CLA treatment can have a beneficial effect in
respiratory inflammation and asthma. CLA treatment has already been shown to reduce
airway inflammation and hyper-reactivity through a variety of PPARy dependent and
independent mechanisms (MACREDMOND; DORSCHEID, 2011). Specifically, CLA
isomer cis-9, trans-11 is able to reduce broncho-alveolar inflammatory cell count and lung IL-
5 levels in an animal model of allergic asthma through a PPARy-dependent mechanism
(JAUDSZUS et al., 2008). Finally, cis-9, trans-11 and trans-10, cis-12-CLA (50:50%) dietary
mixtures seem to have beneficial effects related to viral clearance in pigs (BASSAGANY A-
RIERA et al, 2003) and reduce rhinovirus infection and duration in humans
(BASSAGANY A-RIERA et al., 2003). In vitro studies suggest that these effects might be due
to the ability of cis-9, trans-11 and trans-10, cis-12-CLA isomers to inhibit viral entry and
virus-induced inflammation (MACREDMOND; DORSCHEID, 2011). In this scenario, the
anti-viral action of CLA brings out a question: could CLA-isomers exert preventive and/or
therapeutic effects on SARS-CoV-2 (severe acute respiratory syndrome coronavirus 2),
coronavirus responsible by the coronavirus disease 2019 (COVID-19) pneumonia pandemic?

Inflammatory Bowel Disease (IBD) is a chronic, recurring, debilitating and

widespread immuno-inflammatory illness of unknown etiology with two clinical
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manifestations: Ulcerative Colitis (UC) and Crohn's Disease (CD) (CAMILLERI, 2003;
LAKATOS, 2006). Even though IBD therapies have improved (CAMILLERI, 2003), there is
still a need to develop novel immuno-nutritional interventions due to the significant side
effects associated with current treatments (MACONI et al.., 2005). A promising avenue for
the development of such nutrition-based treatments for IBD is by targeting PPARs. As
discussed above, several CLA isomers are able to activate PPARY in the nucleus of a cell
(SCRASCIA et al., 2003). By using a B. hyodysenteriae-induced colitis pig model, it was
found that dietary cis-9, trans-11 and ftrans-10, cis-12-CLA (50:50%) supplementation
upregulates colonic PPARY, which subsequently binds to DNA and regulates transcription of
anti-inflammatory genes, thus resulting in the suppression of colonic inflammation; dietary
CLA supplementation ameliorated tissue inflammation and weight loss associated with
bacterial-induced colitis (HONTECILLAS et al., 2002). In addition, novel in vivo evidence
showed how VSL#3 (commercial probiotic bacterial mixture) administration changes
microbial diversity and local CLA production, which resulted in PPARy-dependent anti-
inflammatory effects during DSS- and IL-10-deficiency-induced experimental colitis in mice
(BASSAGANYA-RIERA et al., 2012a). In humans, thirteen patients with mild to moderately
active CD were enrolled in an open-label study of CLA. Patients received a capsule
containing 6 g of cis-9, trans-11 and trans-10, cis-12-CLA daily for 12 weeks. Treated
patients expressed a decreased disease activity (calculated using the CD activity index-CDAI)
and increased quality of life (assessed using the Inflammatory Bowel Disease Questionnaire-
IBDQ), which correlated with a significant suppression of the ability of peripheral blood
CD4+ and CD8+ T cell subsets to produce pro-inflammatory cytokines including IFNy
(BASSAGANYA-RIERA ef al., 2012B). IBD is among the top three high-risk conditions for
the development of colorectal cancer (XIE; ITSKOWITZ, 2008). Dietary cis-9, trans-11 and
trans-10, cis-12-CLA ameliorates inflammation-driven colorectal cancer in mice (EVANS et
al., 2010). Particularly, CLA upregulated the levels of regulatory CD4+ T cells in mesenteric
lymph nodes of wild type mice. However, no differences were seen in immune cell-specific
PPARy null mice, suggesting that CLA is able to modulate the Treg compartment in a
PPARy-dependent fashion (HONTECILLAS; BASSAGANYA-RIERA 2007; WOHLFERT
et al., 2007). Consistently, dietary cis-9, trans-11 and trans-10, cis-12-CLA (50:50 %) or
VSL#3 treatments resulted in a faster recovery during acute inflammation and lowered
disease severity during the chronic, tumor-bearing phase of disease during chemically-
induced colorectal cancer in mice. Both treatments were able to reduce colonic adenoma and

adenocarcinoma formation, since CLA was able to modulate gene expression of COX-2
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(enzyme that plays a role in inflammatory process and prostaglandins production) in the

colonic mucosa (BASSAGANYA-RIERA et al., 2012c¢).

1.4.2 Health benefits of CLA in central nervous system

Although CLA can freely get through the blood-brain barrier and being actively
incorporated and metabolized in the brain (BINYAMIN et al., 2019; FA et al., 2005), reports
on CLA effects in the central nervous system are still scarce and little is known about the
possible neuroprotective ability of CLA (MONACO et al., 2019).

Rats receiving diet consisting of 0.5% CLA (50:50 % of trans-10, cis-12-CLA and cis-
9, trans-11-CLA) for 24 days presented inhibition of angiogenesis in the brain, suggesting
that CLA can be explored as a therapeutic treatment for cancer and tumors in the brain
(SIKORSKI et al., 2008). A maternal diet containing 7% lipids from goat milk (as a source of
CLA) during gestation, lactation or both, has also been found to affect cortical electrical
activity in the rat progeny (SOARES et al., 2012). Rats were fed with an experimental diet
containing CLA-enriched butter (210 g/kg of diet) for 4 weeks presented improved memory
through up-regulation of phospholipase A2 encoding-genes in brain tissue (GAMA et al.,
2015). Rats groups that received intraperitoneal injections of 80% CLA dietary oil (25 mg/kg
body weight) exhibited exacerbated recovery from functional deficits, such as
hypoadrenalism, induced by a controlled cortical impact injury (GEDDES et al., 2017). Diet
containing 1-3% of CLA (50:50 % of trans-10, cis-12-CLA and cis-9, trans-11-CLA) offered
to the mothers from the 7™ day of gestation until the end of lactation induced a decrease in the
parameters of anxiety and cerebral lipid peroxidation in the offspring in rats (QUEIROZ et
al., 2019b). Alike result on anxiety reduction was observed in rat progeny with dams fed a
diet containing 7% lipids from goat milk (as a source of CLA) during gestation and lactation
(SOARES et al., 2013). Similarly, rats fed a diet containing 1-3% of CLA (50:50 % of trans-
10, cis-12-CLA and cis-9, trans-11-CLA) during gestation and lactation induced anticipated
reflex maturation and improved memory in the offspring (QUEIROZ et al., 2019a). Those
finds suggest that CLA administration could be beneficial with regard to cognitive parameters
in vivo.

In an in vitro model, 30 uM of cis-9, trans-11-CLA was found to protect primary
cortical cells from death when given concurrently or up to 5 h after glutamate exposure (3
uM) in stroke simulated by exposing mouse cortical neurons to glutamate (HUNT et al.,

2010). Five-week daily supplementation with a mixture 50:50 % of CLA (650 mg/kg ! body
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weight) prevented age-dependent neurodegeneration in a mouse model of neuropsychiatric
erythematous lupus (MONACO et al., 2019). CLA was administered to 3 weeks old mice of
experimental groups by adding the self-emulsion formulation to their drinking water (1.6%
oil) and prevented age related cognitive deterioration as well as mitochondrial oxidative
damage, reducing accumulation of AP (amyloid beta) and of p25, a calpain product,
demonstrating that CLA is a natural calpain inhibitor (BINYAMIN et al., 2019). Coherently,
in Alzheimer’s disease human in vitro model, CLA (20 uM for 72h) showed neuroprotective
effects against neurotoxins, such as H>O> and Api-42, inhibiting AP oligomerization/fibrillation
and tau phosphorylation in SH-SY5Y (human neuroblastom cell line). This implicated CLA
as a new core structure for selective p-calpain inhibitors with neuroprotective effects (LEE et
al., 2012). Chronic dietary CLA (3% of a mixture trans-10, cis-12-CLA and cis-9, trans-11-
CLA, 31.7 % :30.9 %, respectively) during 9 weeks can reduce cerebral prostaglandin E2
(NAKANISH et al., 2003). Recently, human cultured astrocytes treated for 6 days with 100
UM of trans-10, cis-12-CLA presented downregulation of inflammatory markers, such as

tumour necrosis factor-a (TNF-a) and interleukin-1p (IL-1B) (SABA et al., 2019).

1.4.3 Safety consideration for CLA use by humans

The European Food Safety Authority (EFSA) demonstrated that the administration of
an equimolecular mixture of the cis-9,trans-11-CLA and trans-10, cis-12-CLA at a dose of
3.5 g for six months had no adverse effects on insulin sensitivity levels and blood glucose
control or liver function in humans with normal weight or overweight with no history of
diabetes (EFSA, 2010). In addition, when high quality CLA preparations (containing
approximately 80—90% of the 2 biologically active isomers: cis-9, trans-11 and trans-10, cis-
12-CLA) are consumed in a range of 0.5—7 g/day no adverse effects were observed in short-
term in human subjects for several studies reported (DILZER; PARKER, 2012; GAULLIER
et al., 2002). Furthermore, the FDA allows since 2008 that CLA (cis-9, trans-11 and trans-10,
cis-12-CLA) be added to foods and gave it a GRAS (generally regarded as safe) status for
doses up to 6 grams/day (HARTIGH, 2019). Further studies, however, are needed to ascertain
its long-term effects (time over 6 months), as well as its safety in patients with type 2
diabetes. In fact, as concluded by the EFSA expert panel, in these specific patients, the
equimolecular mixture of CLA isomers appeared to negatively affect dynamic (ISI, OGIS)

and static (HOMA-IR) markers of insulin sensitivity and increased some subclinical
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inflammation markers (15-keto-dihydroprostaglandin F2 and C-reactive protein) (EFSA,
2010).

In this context from above introductory section, it is possible conclude that the
production of CLA-rich food is still a technological challenge. Therefore, for the first step of
present work, it was hypothesized that previous screening of LAB able to synthetize CLA
from esterified LA (sunflower oil) increases the CLA content produced from milk fat in
fermented milk. In addition, CLA has been described as a potent anti-inflammatory, inhibiting
the NF-kB pathway in macrophage as well as priming macrophage into a M2 (anti-
inflammatory) phenotype. Thus, for the second step of this work, the major original
hypothesis was that CLA, similarly as in macrophages, has anti-inflammatory effect on
microglial activation inhibiting the NF-xB pathway. The additional hypothesis was that CLA
primes microglia from M1 (proinflammatory) to drive into a M2 (anti-inflammatory)

phenotype, and that this microglial polarization is neuroprotective.
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2 OBJECTIVES

2.1 OVERALL OBJECTIVE

Produce CLA-enriched milk through fermentation with previously screened LAB
strain and investigate the neuroprotective and anti-neuroinflammatory effects of CLA in the in

vitro animal model of neuroinflammatory disease.

2.2 SPECIFIC OBJECTIVES

Investigate if the previous selection of LAB with ability to produce CLA from
esterified LA (sunflower oil) may enhance the CLA production from milk fat during
fermentation;

Assess the effect of fermentation with the screened LAB on the fatty acids profile and
nutritional quality indices in fermented milk;

Assess the potential of CLA to inhibit microglial in vitro activation by LPS;

Assess the potential of CLA to drive microglia from M1 to M2 phenotype;

Assess the neuroprotector potential of CLA on direct neuronal injury.
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3 RESULTS AND DISCUSSION

This section was written in chapters, where each one is related to an original
manuscript, either published (Chapter I) or in process of submission (Chapter II) to
international scientific journals. In each chapter can be found detailed information about the

experimental design, methodology and further discussion.
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Abstract

Conjugated linoleic acid (CLA) has a number of beneficial health effects, including decreases
in cancer incidence and atherosclerosis severity. However, dietary CLA intake is relatively
low to promote the desired physiological effects. The CLA bacterial production in foods is a
technological challenge besides the ability of probiotics to produce CLA is currently
inconclusive. Therefore, the aim of the present study was to screen potential probiotic LAB
strains isolated from Brazilian kefir grains able to produce CLA during the fermentation of
whole cow milk. The selected strain, Lactococcus lactis ssp. cremoris MRS 47, increased
CLA and polyunsaturated fatty acid content while at the same time significantly reducing
saturated fatty acids and the thrombogenic index in fermented milk. These findings highlight
the possibility of enriching CLA content in a dairy-fermented product if LAB were pre-
selected by their capacity to produce CLA from milk fat, in what seems to be a strain-
dependent ability.

Keywords: fatty acids, fermented milk, conjugate linoleic acid, polyunsaturated fatty acids,
probiotic strain screening, gas chromatography analysis.

4.1 INTRODUCTION

Kefir grain starter culture is used to ferment milk into an acidic and ethanolic viscous
beverage. Previous studies have reported the isolation of lactic acid bacteria (LAB) strains
with probiotic potential from kefir grains (BOLLA et al., 2013). The regular consumption of
foodstuffs containing live probiotic bacteria decreases blood cholesterol levels, improves the
immune system and potentially promotes anti-carcinogenic protective effects (SHAH, 2007).

Conjugated linoleic acid (CLA) i1s a mixture of geometric and positional conjugated
isomers of C18:2, cis-9, cis-12 (linoleic acid). Rodent-animal in vitro and in vivo models and
different human cell line studies have demonstrated a variety of beneficial health effects, such
as anti-carcinogenic, anti-atherosclerotic, anti-oxidative, anti-obesity and anti-inflammatory
activities, and stimulation of lean muscle mass deposition (YANG et al., 2015). Moreover,
intake of CLA-rich diets in human have shown anti-inflammatory (PENEDO et al., 2013) and
anti-carcinogenic potential about several human cancer strains (De LA TORRE et al., 2006).
The trans-10, cis-12-CLA isomer is thought to be antiobesity and antidiabetic, whereas cis-9,
trans-11-CLA isomer is mainly anti-inflammatory. Both CLA isomers are reported to inhibit
cancer through different pathways (YANG et al., 2015). CLA is naturally found in food
matrices. The cis-9, trans-11-CLA isomer accounts for up to 90% of all the CLA isomers
found in natural sources (CHIN et al, 1992). Nonetheless, the intake of CLA in human diets

is below the recommended levels considering that human consumption should be of 3.0 g of
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CLA per day to achieve maximum health benefits (IP et al, 1994). Although studies have
been published using food-grade bacteria as starter, adjunct or probiotic culture to develop
functional fermented dairy with increased levels of CLA, the results described in literature so
far are below expectations due to technological bottlenecks. Thus, more research studies are
needed to assess if CLA bacterial production kinetics can be increased and thus can match
food processing requirements. Therefore, CLA bacterial production in foods still is a
technological challenge (GORISSEN et al., 2015). In addition, a linoleic acid isomerase
enzyme activity in LAB has been reported (GORISSEN et al., 2011). However, the ability of
probiotic bacteria to produce CLA is still inconclusive (MANZO et al., 2015). Thus, taking
into account the beneficial health effects attributed to probiotic microorganisms (SHAH,
2007), efforts are made to develop a milk fermentation process by probiotic LAB to increase
CLA content in dairy derivatives.

In this context, the aim of the present study was to screen probiotic LAB strains
isolated from kefir grains for CLA production potential and to test their ability to produce

CLA from cow milk fat during milk fermentation.

4.2 MATERIAL AND METHODS

4.2.1 Material

Sunflower seed oil and whole cow milk were purchased from a retail market in
Southeastern Brazil (state of Rio de Janeiro). All organic solvents were of chromatographic
grade (Tedia, Sao Paulo, Brazil). Commercially available De Man, Rogosa and Sharpe (MRS)
broth was purchased from Sigma-Aldrich Chemical Co, MO, USA. A commercial mixture of
fatty acid methyl esters (FAME mix, ref.47885-U, Supelco, Co., PA, USA) was used for
identification of the FAME peaks. All other reagents were of analytical grade (Sigma-Aldrich
Chemical Co.).

4.2.2 Screening of potential probiotic lactic acid bacteria strains for the ability to

synthesize conjugated linoleic acid (CLA) from sunflower seed oil

The sunflower seed oil micellar solution, used to improve sunflower oil bioavailability

to bacterial strains, was prepared according to the method described by Wang et al. (2007).
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The nine LAB strains tested in present work (Table 4) for CLA production potential
were previously selected regarding to probiotic potential by our research group (LEITE et al.,
2015). The criteria used were: acidic pH tolerance, bile salts resistence, antagonistic activity
against model food pathogens, bacteriocin-like inhibitory substances against indicator
organisms, total antioxidative activity, undesirable enzymatic or hemolytic activities,
resistance to clinically relevant antibiotics and level of adhesion to human Caco-2 epithelial
cells.

Each LAB strain was individually activated in 10 mL of MRS broth at 37 °C for 24 h
(Thermo Scientific, USA). After this, 1 mL were transfered to sunflower seed oil micellar
solution in 10 mL of MRS broth (1.7% v/v) and incubated at 37 °C for 6 h. After incubation, 1
mL of the MRS broth was centrifuged (Sorvall ST16R, Thermo Scientific) at 20,800 x g for 1
min at 4 °C and the supernatant was transfered to a fresh test tube. The fatty acids were
extracted with n-hexane as described by Barret, Ross, Fitzgerald e Stanton (2007).

CLA in the n-hexane extract was detected by a characteristic absorption peak at 233
nm (EL-SALAM et al., 2010), using MSR broth containing sunflower seed oil micelles
without bacterial strains as blank. An increase in the CLA concentration coincides with a
linear increase in absorbance, up to absorbance values of 1.0 (BARRET et al., 2007; WANG
et al., 2007).

4.2.3 Chemical parameters of unfermented and fermented milk

Titratable acidity was determined according to the official AOAC 947.05 method
(AOAC Association of the Official Analytical Chemists, 2012). A digital pH-meter (720P,
ISTEK, Korea) was calibrated with pH 4.0 and pH 7.0 standard solutions. Total fat from kefir
beverage was extracted with petroleum ether by the Soxhlet 2000.18 method and quantified
gravimetrically (AOAC, 2012).

4.2.4 Milk Fermentation

Ultra high temperature (UHT) whole cow milk (2.95 g of fat per 100 g of sample) was
fermented by a starter culture composed of thermophilic yogurt cultures (YF-L903; Chr.
Hansen, Valinhos, Brazil) at a final concentration of 1% (v/v) at 40 °C for 8 h. The control
fermentation process (C) contained only the starter culture, while the probiotic fermentation

process (P) was fermented simultaneously by a consortium of the starter culture and the
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Lactococcus lactis subsp. cremoris MRS47 strain (1.0 x 108 CFU/mL) at a concentration of
5% (v/v) of the total milk volume. The whole milk prior to inoculation was considered as
reference.

The cell viability (logio cfu/mL) was checked previously for Lactococcus lactis ssp.
cremoris by our research group (LEITE et al., 2012) for 24h of fermentation in milk (aliquots
every 6h).

The fermented milk with probiotic bacteria in coculture with yogurt starter has similar
acidity, texture and, flavor those of milk fermented with yogurt starter alone. The milk
fermented with probiotic strain by itself do not show organoleptic attributes comparable to the
milk fermented by the starter culture (control fermented milk), which decrease consumer
acceptability (XU et al., 2005). The sensory alterations can be attributed to the lack of
essential proteolytic activity in probiotic LAB (OLIVEIRA el al., 2001). For these reasons, in
this study, whole milk was not fermented with Lactococcus lactis subsp. cremoris MRS47

strain by itself.

4.2.5. Derivatization of fatty acids and FAME analysis by gas chromatography

Milk CLA and total lipids were extracted from 5 g aliquots with a mixture of methanol
and chloroform 2:1 (v/v) (CONTE-JUNIOR et al, 2007). The extracted FAMEs were
subjected to acid methylation using an HCI (2N) solution (10% HCI: 90% organic extract,
v/v) at 60 °C for 20 min (CHIN et al., 1992; Kishino et al., 2002).

The chromatographic separation of 1 pl. of FAMEs was achieved by gas
chromatography as described by Canto ef al. (2015).

FAME gas-chromatographic peaks were identified by comparing their retention time
with data from commercial standards. Heptadecanoic acid (C17:0, Sigma Chemical Co.) was

used as an internal standard for quantification.

4.2.6. Nutritional lipid quality indices

Atherogenicity (Al) and thrombogenicity (Thl) indices were calculated as proposed by
Ulbricht e Southgate (1991).

The hypocholesterolemic/hypercholesterolemic fatty acid ratio was calculated
according to Santos-Silva, Bessa e Santos-Silva (2002), as follows:

Al =[(C12:0) + (4 x C14:0) + (C16:0)] / (X, MUFA + ¥ n6 + ¥ n3) (1)



60

Thl = [(C14:0 + C16:0 + C18:0)] / [(0.5 x ¥, MUFA) + (0.5 x ¥ n6) + 3 x ¥ n3) + (¥
n3/Y 6] ()

hH = (C18:1¢is9 + C18:2n6 + C20:4n6 + C18:3n3 + C20:5n3 + C22:5n3 + C22:6n3) /
(C14:0 + C16:0) (3)

4.2.7 Desaturase ability (DA)

The A’ desaturase ability was calculated as the ratio of fatty acids that are products to
the ones that are substrates plus products for A° desaturase, as proposed by Lock e
Garnsworthy (2003):

DA = (Cl14:1n5 + C16:1n7 + C18:1n9 + C18:2n6 + C18:2, cis-9, cis-12 + C18:3n3 +
C18:3n6 )/ (C14:0 + C16:0 + C18:0 + C14:1n5 + C16:1n7 + C18:1n9 + C18:2n6 + C18:2,
cis-9, cis-12 + C18:3n3 + C18:3n6).

4.2.8. Statistical analyses

All analyses were performed in quadruplicate and results were expressed as mean =+
standard deviation (SD). A one-way analysis of variance was used to compare data obtained
for the different fermentation processes. When a significant ¥ was observed (p < 0.05),
differences between means were evaluated by Tukey’s multiple comparison test. Two-side p
values < 0.05 were considered statistically significant. Multiple regression analysis at the 0.05
level of significance was also conducted. When a significant F' was observed (p < 0.05) for
multiple regression equation, the independent variables were considered to contribute for
CLA variability in samples. The statistical analyses were performed using a commercially

available statistical package (Systat software, Chicago, IL, USA).
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4.3 RESULTS AND DISCUSSION

4.3.1 Screening of potential probiotic LAB strains isolated from kefir grains for CLA
production ability

The spectrophotometric method is a simple and straightforward technique for the
screening of CLA producing strains, especially when investigating a large number of strains
(BARRET et al., 2007; WANG et al., 2007). Therefore, in this work, firstly the LAB strains
were selected by spectrophotometric method in MRS broth, followed by gas chromatography
(GC) for analysis of fatty acids profile, including CLA-isomers, in dairy matrix.

The first step of study was to screen among the 9 probiotic potential strains that with
highest CLA production potential from esterified linoleic acid. Thus, the strain designated as
Lactococcus lactis subsp. cremoris MRS47 presented the highest absorbance value (p < 0.05)
(Table 4). Therefore, considering the linear relationship between absorbance values at 233 nm
and CLA concentration (BARRET et al, 2007; WANG et al., 2007), the data suggest that
Lactococcus lactis subsp. cremoris MRS47 exhibited the highest CLA-producing ability.

The ability of LAB strains in producing CLA from esterified linoleic acid lipid was
tested herein by adding sunflower seed oil to the MRS broth. It is relevant because in whole

milk the linoleic acid, which is substrate for CLA production, is available in esterified way.

4.3.2 Chemical parameters of unfermented and fermented whole milk

The pH, titratable acidity and fat content of unfermented whole milk (M), whole milk
fermented by the starter culture (C), and whole milk fermented by the consortium formed by
the starter culture and the Lactococcus lactis subsp. cremoris MRS47 strain (P) are displayed
in Figure 5. As expected, fermentation by either the starter culture (C) or the consortiums (P)
resulted in acid production (lower pH) (p < 0.05) than the whole milk counterpart, indicating
that lactose in milk was metabolized by microorganisms into acidic products during
fermentation (YADAYV et al., 2007). Furthermore, when solely considering this parameter, it
was not possible to distinguish C from P (p > 0.05). These results are in accordance to those
reported by XU et al. (2005).

Titratable acidity (TA) is used for evaluating fermentation progress and quality in the
final dairy product (SERAFEIMIDOU et al., 2012). Similar to pH, fermentation also affected
(p <0.05) the TA, where whole milk samples exhibited the lowest (p < 0.05) values, while no



62

difference (p > 0.05) was observed between C and P. The starter culture is responsible by
rapid acidification of femented product, however no difference (p > 0.05) of pH and TA
between the fermentative processes was observed. These behavior indicates that the starter
culture had not inferior competitiveness compared to probiotic LAB (COPPOLA et al., 2000).
In addition, there was not significant difference in fat content among samples (Figure 5).

In order to evaluate if the chemical parameters of the fermentative processes are
associated with the differences in cis-9, trans-11-CLA content (Table 5), these data were
subjected to a multiple regression analysis. Overall, the multiple regression equation for
chemical parameters was not significant (standard error of estimate = 3.316; R?> = 0.321; p =
0.632). The partial correlations are shown in Table 6. This is in accordance with Serafeimidou
et al. (2012) which have not found correlation of pH, titratable acidity and fat with CLA
content in yogurt. Similarly, Prandini ef al. (2001) also reported that there was no significant
correlation between CLA and fat content in dairy products. These findings suggest that there
should be no association between cis-9, trans-11-CLA content and the chemical parameters

studied herein.

4.3.3 CLA content in fermented whole milk

PUFA, MUFA, SFA, and CLA isomer contents of whole milk (M), whole milk
fermented with the starter culture (C), and whole milk fermented with the consortium of the
starter culture plus the Lactococcus lactis subsp. cremoris MRS47 strain (P) are expressed as
g/100g total fatty acids (Table 5). Samples containing the probiotic strain (P) exhibited greater
(p < 0.05) CLA than M and C content after fermentation, indicating that only Lactococcus
lactis subsp. cremoris MRS47 had the ability to produce CLA in whole milk during
fermentation, through the lipolysis of milk fat. Only the cis-9, trans-11-CLA isomer exhibited
changes (p < 0.05) during fermentation (Table 5). In addition, trans-10, cis-12-CLA and cis-
10, cis-12-CLA isomers also presented increase during probiotic fermentation when compared
to M and C, however this increase was not enough to reach statistical significance (p < 0.05)
(Table 5). These results are according to the biological CLA production by LAB to be isomer-
selective (OGAWA et al., 2005).

The cis-9, trans-11-CLA contents in M and C samples were similar to the values
reported by Zegarska, Paszczyk e Borejszo (2008) for commercial beverages available at the
market; 0.1-2.9 g in whole milk and 0.33-1.27 g in a fermented milk beverage per 100 g of

total fatty acids, respectively. Nevertheless, these CLA contents reported in the literature are
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relatively lower than those found during the probiotic fermentation process in the present
study (6.65g/100g fatty acids) (Table 5).

The probiotic fermentation process (P) enhanced CLA levels by 9.3 times when
compared to C, and 6.1 times when compared to M (Table 5). This result is superior to those
found in the literature. Likewise, Xu et al. (2005) documented a 1.7-fold increase in CLA
levels in milk fermented with the probiotic Propionibacterium freudenreichii subsp.
Shermanii 51 in co-culture with yogurt strains when compared to yogurt cultures alone
converting hydrolyzed soy oil as the lipid source. In addition, Alkalin ef al. (2007) reported
that yogurt manufactured with probiotic Lactobacillus acidophilus or Bifidobacterium
animalis strains and a yogurt starter culture exhibited 2.71- and 2.90-fold increases in CLA,
respectively, when compared to yogurt fermented by the starter culture. In agreement with the
present data, Herndndez et al. (2007) reported a 4.0-fold CLA content increase in dairy
products (2g/100g of total fatty acids) manufactured with milk from cows fed a sunflower
seed-supplemented diet. Therefore, the screening of Lactococcus lactis subsp. cremoris
MRS47 strain regarding to potential ability for CLA production prior to your use in the milk
fermentation process is a clear advantage over the majority of previous studies, and probably
favored the greater CLA content reported herein.

Taking into account the relative CLA concentration in fermented dairy products, El-
Salam et al. (2010) found CLA concentrations of 21.6 mg/100mL of milk fermented with
probiotic Lactococcus lactis lactis using sesame oil treated by lipases as the lipid source. This
value is lower than the CLA concentration found in milk fermented with the probiotic strain
demonstrated herein (85mg /100mL milk) (Figure 6). The CLA content in the probiotic
fermentation process (6.65g/100g fatty acids) is close to the value found by Bell e Kennelly
(2001) (5.63g/100g fatty acids) for milk from cows fed a fat-rich diet.

Based on daily milk consumption data available from European countries (WOLFF;
PRECHT, 2002) was estimated that the consumption of probiotic fermented milk produced
herein with Lactococcus lactis subsp. cremoris MRS47 would lead to an intake of 0.95g/day,
0.89g/day and 0.44g/day C18:2, cis-9, trans-11 for France, German and Spain, respectively.
Thus, the daily intake would represent a percentage ranging from 31.6%, in France, to 14.6%,
in Spain, of the recommended daily consumption of 3g CLA/day to achieve the maximum

health benefits (IP et al., 1994).
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4.3.4 Influence of different fermentation processes on the fatty acid profile of whole milk

The probiotic fermented product (P) exhibited SFA content around 8% lower (p <
0.05) than control (Table 5). This can be attributed to the higher A9-desaturase ability in P,
which could have contributed to lower content of palmitic (16:0), oleic (18:0) and
tetracosanoic acid (24:0) in milk fermented with Lactococcus lactis subsp. cremoris MRS47
when compared to control (p < 0.05). Similarly e Hernandez et al. (2007) reported a SFA
content reduction of 16% in CLA-rich dairy products. It can be related to CLA production
through desaturase activity (LIN, 2006).

Considering PUFA contents, the probiotic fermentation process (P) presented higher
(p < 0.05) PUFA content than milk and control. This can be attributed to lower MUFA and
higher A9-DA in probiotic milk when compared to unfermented milk and control,
respectively (Table 5). These findings are similar to Hernandez et al. (2007) who documented
a SFA decrease and unsaturated fatty acids (UFA) increase in CLA-rich dairy products when
compared to control counterparts. Moreover, the intake of the probiotic sample could
potentially reduce the risk of cardiovascular disease events by replacing SFA with PUFA
(OHLSSON, 2010). Addicionally, it is known that PUFA/SFA ratios impact the viability of
lactic acid bacteria (BEAL et al., 2001). Therefore, the increased PUFA/SFA ratio in P
following fermentation could contribute to increases in the Lactococcus lactis subsp. cremoris
MRS47 strain viability in food matrices. This is a desirable characteristic regarding both
technological and nutritive aspects, since probiotic bacteria must be viable to promote the
proposed beneficial health effects (SHAH, 2007).

Regarding to MUFA, its decrease after fermentation on both control and probiotic can
be attributed to the consumption of oleic acid (18:1n9), and the production of tetracosanoic
acid (24:0) during fermentation. It occurs in order to improve control of membrane fluidity
during stress conditions, including fermentation. The products from oleic acid (18:1n9)
metabolism, which is a MUFA, increase the bacterial membrane rigidity and decrease the
permeability to H' during fermentation. Similarly, the increase (p < 0.05) on the
tetraecosanoic acid (24:0) content on both C and P indicates a potential metabolic stress
adaptation in order to shift the fatty acid chain length in cellular membrane to appropriate
proportions (GUERZONI et al., 2001). Moreover, the oleic acid (18:1n9) also is used by LAB
as substrate for CLA production (YANG et al., 2013). It explains why the MUFA content

significantly contributes for observed changes in CLA content of samples (Table 6).
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The nutritional quality of the lipid fraction in the dairy matrix of the present study was
estimated through three indices (Al, Thl and hH) from fatty acid composition data, expressed
as a percentage of the identified total fatty acids (Table 5). The increase of SFA and decrease
of MUFA and omega-3 (n-3) fatty acids during fermentation led to an increase (p < 0.05) in
Al and Thl values in both C and P (Table 5). Similarly, Staji¢, Zivkovié, Perunovi¢, Sobaji¢ e
Vrani¢ (2011) also reported an Al increment in fermented food. Regarding to the Thl, this
value in probiotic fermentation process (P) was 12.43% lower (p < 0.05) than its C
counterpart. This result is probably due to the lower palmitic (16:0) and stearic acid (18:0)
contents in milk fermented with Lactococcus lactis subsp. cremoris MRS47 when compared
to milk fermented with starter culture alone (Table 5). The reduction of these saturated fatty
acids can be attributed to higher A9-DA abilities in probiotic than in control (Table 5).
Additionally, no data about Thl in fermented food has been described in the literature.
However, the decrease of Thl indices in CLA-rich dairy product compared to those not
enriched in CLA has been previously reported in the literature (HERNANDEZ et al., 2007).
In addition, the fermentation process with Lactococcus lactis subsp. cremoris MRS47 did not
influence the hH indexes because there was not significant diference (p > 0.05) between
probiotic and control fermentation processes (Table 5). Moreover, hH indexes for fermented
dairy products were not found in literature.

The A9-DA abilities of the milk fermented with Lactococcus lactis subsp. cremoris
MRS47 (P) presented higher (p < 0.05) values than control. As only P showed significant
CLA increases during fermentation, the findings in this study are consistent with Lin (2006),
who reported that CLA production during fermentation can occur by either isomerase or
desaturase enzyme activities expressed in LAB. This is corroborated by significant and high
positive partial correlation between A9-DA abilities and CLA content (Table 6). The multiple
regression equation for sums and ratios of fatty acids as independent variables is highly
significant (standard error of estimate: 0.094; R>=0.999; p < 0.001), so that only MUFA and
A9-DA show significant partial correlation (Table 6). Therefore, MUFA and A9-DA are
associated to variability in CLA content.

The isomerase activity is related to biohydrogenation system for detoxification of free
unsaturated long-chain fatty acids, such as linoleic acid (KIM; LIU, 2002). On the other hand,
the desaturase activity is related to cell membrane protection during stress conditions,
including fermentation. The unsaturated fatty acids resultant of desaturase activity increase
the bacterial membrane rigidity and decrease the permeability to H*, Na®, and potentially to

H>0O» during stressing conditions (GUERZONI et al., 2001). Therefore, as in this study the
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fatty acids are mostly on esterified way well as there is acidification of medium (after
fermentation), the desaturase activity should be the pathway mainly implicated in the CLA
production by Lactococcus lactis subsp. cremoris MRS47. The A9-desaturase ability has been
previously reported in LAB (LIN, 2006), and under the stress conditions provoked by
fermentation there is an activation of fatty acid desaturation pathways in order to protect the
cell membrane from damage (GUERZONI et al., 2001). Thus, the higher A9-DA in P should
contribute to increase resistance of the Lactococcus lactis subsp. cremoris MRS47 strain

during fermentation.

4.4 CONCLUSIONS

The probiotic Lactococcus lactis ssp. cremoris MRS 47 strain isolated from Brazilian
kefir grains is able to change the fatty acid profile by milk fermentation. The use of sunflower
oil as a substrate for CLA production during the screening step contributed for the selection of
strains that were also able to produce CLA from milk fat. The probiotic fermentation process
reduced SFA and Thl and increased PUFA and PUFA/SFA ratios during fermentation. The
higher A9-DA ability contributed to improve the nutritional lipid quality in the final probiotic
fermented product. Moreover, A9-DA ability increment is useful to increase the CLA
production in fermented product. The previous selection of potentially probiotic strains
regarding CLA production capability is an useful and relevant step to produce CLA-rich
fermented milk. This is a previous study, so that further sensory research of this fermented

milk will be useful for future industrial application.
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4.6 FIGURES AND TABLES

Figure 5 - Chemical parameters of unfermented whole milk (M) and the beverage fermented by the starter culture in
C, while in P whole milk was fermented by a microbial consortium composed of the starter culture and the selected
probiotic Lactococcus lactis subsp. cremoris MRS47 strain at 40 °C for 8 h. Assays were performed in quadruplicate
and the values are reported as means + SD. * denotes significant difference (p < 0.05) between M, C and P.
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Figure 6 - CLA concentration (mg.mL™") of unfermented whole milk (M) and the beverage fermented by the
starter culture in C, while in P whole milk was fermented by a microbial consortium composed of the starter
culture and the selected probiotic Lactococcus lactis subsp. cremoris MRS47 strain at 40 °C for 8 h. Assays were
performed in quadruplicate and the values are reported as means + SD. * denotes significant difference (p <
0.05) between M, C and P.
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Source: the author.

Table 4 - Screening of potential probiotic lactic acid bacteria strains for the ability to synthesize conjugated
linoleic acid (CLA) from sunflower seed oil, evaluated by absorbance at 233nm

Absorbance

Strains Mean SD

Lactobacillus casei/paracasei MRS59" 0.021* 0.006
Lactobacillus casei/paracasei MR1™ 0.014° 0.001
Lactococcus lactis subsp. cremoris M1711" 0.052b¢ 0.013
Lactococcus lactis subsp. cremoris MRS47* 0.150¢ 0.012
Lactococcus lactis subsp. lactis MRN3" 0.060° 0.008
Leuconostoc mesenteroides GYP5” 0.059°¢ 0.008
Leuconostoc mesenteroides MRS53" 0.019* 0.008
Leuconostoc mesenteroides GYP12™ 0.0042 0.006

Leuconostoc mesenteroides GYP7" 0.026% 0.000
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Probiotic lactic acid bacteria strains isolated from Brazilian kefir grains in MRS broth containing 1.7% (v/v) of
sunflower seed oil micellar solution at 37°C for 6h.

SD, standard deviation. *¢ Means with different superscripts are significantly different. ANOVA (p < 0.05) with
Tukey’s post-hoc test: * p < 0.05; ™ p <0.01; and ™ p < 0.001.

Source: the author.

Table 5 - Fatty acid profile (g/100g total fatty acids) in whole milk (M), whole milk fermented with starter
culture (C) and with the microbial consortium between the starter culture and the probiotic Lactococcus lactis
subsp. cremoris MRS47 strain (P) at 40 °C for 8 h.

Fatty acids M C P

Mean SD Mean SD Mean SD
Individual fatty acids
6:0 0.00 0.00 0.83 0.05 1.42 0.95
8:0 0.57 0.00 0.61 0.01 0.54 0.01
10:0 2.08 0.50 2.70 0.07 2.46 0.05
12:0™ 2.75% 0.63 5.47° 0.30 5.06° 0.24
13:0 0.14 0.03 0.28 0.05 0.23 0.04
14:0"" 11.07° 1.59 6.55* 0.36 6.05* 0.29
14:1n-5 1.15 0.17 1.82 0.33 1.80 0.29
15:0"" 1.27* 0.12 17.50° 0.83 16.09° 0.66
15:1n-5 0.34 0.03 1.70 0.12 1.59 0.10
16:0™" 34.24¢ 0.81 29.38° 0.08 26.34* 0.24
16:1n-7 1.83 0.08 1.51 0.01 1.36 0.01
17:1n-7 0.34 0.02 0.18 0.00 0.17 0.00
18:0™ 13.88* 1.41 18.74¢ 0.98 16.28° 0.99
18:1n-9™ 26.42° 2.23 2.41* 0.14 2.08? 0.14
18:2n-6t 0.00 0.00 0.13 0.00 0.10 0.02
18:2n-6¢ 2.08 0.17 1.22 0.00 0.11 0.00
18:3n-6 0.22 0.08 0.26 0.01 0.24 0.01
18:3n-3 0.38 0.02 0.16 0.01 0.14 0.01
18:2;9¢11t™ 1.09* 0.07 0.71* 0.10 6.65° 0.89
18:2;10t12¢ 0.00 0.00 0.04 0.07 1.87 0.30
18:2;10c12¢ 0.00 0.00 0.08 0.13 1.34 1.22
18:2;tt 0.00 0.00 0.00 0.00 0.08 0.11
20:0 0.24 0.05 0.13 0.03 0.08 0.00
20:1n-9 0.11 0.10 0.00 0.00 0.12 0.00
20:2n-6 0.00 0.00 0.33 0.01 0.29 0.01
20:3n-6 0.00 0.00 0.22 0.00 0.19 0.01
20:4n-6 0.00 0.00 0.00 0.00 0.00 0.00
20:3n-3 0.00 0.00 0.00 0.00 0.00 0.00
20:5n-3 0.00 0.00 0.00 0.00 0.00 0.00
21:0 0.00 0.00 0.00 0.00 0.00 0.00
22:0 0.00 0.00 0.00 0.00 0.66 0.01
22:1n-9 0.00 0.00 0.00 0.00 0.00 0.00
22:2n-6 0.00 0.00 0.56 0.48 0.00 0.00
22:6n-3 0.00 0.00 0.00 0.00 0.00 0.00
23:0 0.00 0.00 0.00 0.00 0.00 0.00
24:0™ 0.00? 0.00 6.58° 0.16 5.81° 0.19
24:1n-9 0.00 0.00 0.00 0.00 0.00 0.00
Sums of fatty acids
SFA™ 66.05* 2.17 88.76° 0.36 80.77° 1.66
MUFA™ 30.19° 1.97 7.44% 0.02 7.07* 0.32
PUFA™ 3.76* 0.20 3.25° 1.29 10.90° 1.74
n-3" 0.38° 0.02 0.16* 0.00 0.09* 0.08
n-6 2.30 0.15 2.38 1.38 4.15 0.96
Ratios
PUFA/SFA® 0.06* 0.00 0.04* 0.01 0.13° 0.02
AI™ 2.49* 0.39 5.57° 0.13 4.93° 0.39

ThI™ 3.39% 0.26 9.41° 0.20 8.24° 0.42
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hH™ 0.64° 0.09 0.11° 0.00 0.07° 0.00
A9-DA™ 0.36¢ 0.02 0.13? 0.00 0.20° 0.01

SD, standard deviation; SFA, saturated fatty acid; MUFA, monounsaturated fatty acid; PUFA, polyunsaturated
fatty acid; Al, atherogenicity index; Thl, thrombogenicity index; hH, hypocholesterolemic/hipercholesterolemic
fatty acids; A9-DA, A9 desaturase ability. * Means within the same row with different superscripts are
significantly different. ANOVA (p < 0.05) with Tukey’s post-hoc test: * p <0.05; ™ p < 0.01; and ™ p < 0.001.
Source: the author.

Table 6 - Partial correlations from multiple regression analysis for CLA as dependent variable in milks from
different fermentative processes at 40 °C for 8 h.

Independent Statistical parameters
variable b R? t p-value

Acidity 7.643 0.990 0.635 0.559
pH 7.076 0.990 0.678 0.535
Fat -0.771 0.385 -0.866 0.435
SFA -0.129 0.999 -0.236 0.834
MUFA -3,399 0.998 -10.490 0.008
PUFA -0.205 0.999 -0.359 0.753
PUFA/SFA 0.108 0.999 0.177 0.875
A9-DA 2.744 0.999 6.442 0.023

b, intercept; R?, squared partial correlation; t, t-statistic; p-value, probability value; SFA, saturated fatty acid;
MUFA, monounsaturated fatty acid; PUFA, polyunsaturated fatty acid; A9-DA, A9 desaturase ability.
Source: the author.
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Abstract

The inhibition of microglia-mediated neuroinflammation has been regarded as a prospective
strategy for treating neurodegenerative disorders. Recently, microglial NF-xB was proposed
as a pivotal therapeutic target in neurodegenerative disorders, such as Parkinson’s disease.
Conjugated linoleic acid (CLA) have been widely described as potent anti-inflammatory
modulator of immune response of peripheral macrophages, mainly via inhibition of NF-xB
pathway. If CLA also presents similar effect in microglia, it could be a prospective agent for
treating these disorders. However, CLA effects on microglia-mediated neuroinflammation are
still unknown. Here we investigated in vitro anti-neuroinflammatory and neuroprotective
effects of CLA on LPS-activated microglia. We demonstrated that CLA downregulates the
LPS-induced microglia activation, reducing secretion of NO and IL-1p and increasing IL.-4
and IL-10 levels by mice primary microglia and N9 cell line. Although linoleic acid (LA) has
exhibited similar effects, only CLA significantly inhibited the LPS-induced arginase activity
suppression, which is a M2 phenotype marker in microglia (neuroprotective). This microglial
polarization was due to, at least in part, isomer-specific inhibition of LPS-induced NF-xB
pathway and iNOS expression, as consequence of enhanced expression of [kBa inhibitor. Co-
treatment with CLA and LPS completely prevented cortical neuronal death induced by the
endotoxin, again being this neuroprotection also isomer-specific. PPARy seemed plays a
relevant role for CLA action on microglia, and a lesser extent for LA. These data strongly
suggest that CLA may be a novel and promising neuroprotective agent via inhibiting
microglia-mediated neuroinflammation, in what seems to have isomer-specific particularities.

Keywords: conjugated linoleic acid, bioactive compound, microglial polarization, M2

phenotype, arginase activity, neuroprotection

5.1 INTRODUCTION

Microglia, resident macrophages of the brain, play a pivotal role in innate immunity in
the Central Nervous System (CNS) (SHI; HOLTZMAN, 2018). It is well documented that
microglia-mediated neuroinflammation is critically involved in the initiation and progression
of neurological disorders, such as Parkinson’s and Alzheimer’'s disease (GILHUS;
DEUSCHL, 2019). When exposed to inflammatory stimuli, such as lipopolysaccharide (LPS),
a cascade of intracellular signaling culminates with the activation and translocation of nuclear
transcription factor kB (NF-xB) in microglia. NF-xB is translocated from the cytoplasm into
the nucleus and plays a crucial role by triggering the transcription of proinflammatory genes
(CHE et al., 2018). Consequently, activated microglia produces proinflammatory and
cytotoxic factors, such as tumor necrosis factor-o (TNF-a), interleukin-1p (IL-1B) and nitric
oxide (NO) (HICKMAN et al., 2018). Accumulation of these factors is deleterious directly to

neurons and consequently enhance the activation of microglia, orchestrating a vicious cycle of
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inflammation (HENEKA et al., 2014). Consistently, activation of microglial NF-kB is related
to neuronal loss in Parkinson’s disease (GHOSH et al., 2007) and Alzheimer’s disease
patients (CHEN et al., 2012).

Therefore, the inhibition of chronic inflammatory microglial activation may provide
therapeutic benefits for neuroinflammatory disorders (LECOURS et al., 2018). Furthermore,
anti-inflammatory compounds are becoming one of the most promising candidates for
Parkinson’s disease (ELKOUZI et al.., 2019) and Alzheimer’s disease therapies
(SIVANDZADE et al., 2019). In addition, recently NF-kB was proposed as a pivotal
therapeutic target in those neurodegenerative disorders (SIVANDZADE et al., 2019),
including multiple sclerosis (SRINIVASAN; LAHIRI, 2015).

Conjugated linoleic acid (CLA) is a mixture of geometric and positional isomers of
C18:2, cis-9, cis-12 (linoleic acid). The two isomers with most relevant biological activity
described are cis-9, trans-11 CLA and trans-10, cis-12 CLA, which are commonly found in
beef and dairy product from ruminants (GORISSEN et al., 2015), although lower at the
recommended levels to achieve health benefits (VIEIRA et al., 2017). Anti-inflammatory
therapeutics effects of CLA have been extensively described in literature for chronic
metabolic disorders in peripheral organs system in animal models and some human research
clinical trials with CLA supplementation (FUKE; NORNBERG, 2017; HARTIGH, 2019).
Studies have revealed CLA as potent anti-inflammatory immunemodulator of peripheral
macrophages (CHINETTI-GBAGUIDI et al., 2015). Consistently, supplementation of CLA
in diet induces an increase in IL-10 level, while reducing TNF-a expressed by macrophages in
animal models of inflammatory diseases (McCARTHY et al., 2013). In vitro, CLA increases
IL-10 and reduces IL-1P secreted both by mouse (YU et al., 2002) and human macrophages
(GAETANO et al., 2015). And these effects of CLA are thought to be mainly via inhibition of
NF-kB proinflammatory signaling pathway in animals (VILLACORTA et al., 2018;
BASSAGANYA-RIERA et al., 2004) and human in vivo models (PENEDO et al., 2013).

In addition, CLA drives macrophage polarization from M1 (proinflammatory) into a
M2 phenotype (anti-inflammatory) in in vivo animal models (CHINETTI-GBAGUIDI ef al.,
2015) and in vitro human models (GAETANO et al., 2015). This would allow the targeting
microglia polarization by CLA as a therapeutic avenue in neurodegenerative diseases (JIN et
al., 2019). Evidences that embryonic microglia derive from primitive macrophages
(FERRERO et al., 2018) suggests that microglia may exhibit a similar response to
macrophage when exposed to CLA. Notably, CLA freely pass through the blood-brain barrier,
it being actively incorporated and metabolized in the brain (BINYAMIN et al., 2019; FA et
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al., 2005). Therefore, CLA may be a prospective agent for treating of Parkinson’s disease and
other neurodegenerative disorders. However, CLA effects on microglia-mediated
neuroinflammation are still unknown.

Thus, it is notable that broad activation of microglial NF-kB and subsequent chronic
inflammatory process have been suggested to be the predominant mechanisms for
degeneration of neurons in vivo and in vitro (LIU et al., 2016; FRAKES et al., 2014). In this
context, our major original hypothesis was that CLA has anti-inflammatory effect on
microglial activation inhibiting the NF-kB pathway. The additional hypothesis was that CLA
primes microglia from M1 (proinflammatory) to drive into a M2 (anti-inflammatory)
phenotype, and that this microglial polarization is neuroprotective. Therefore, the present
study aimed to explore whether the CLA-isomers could inhibit neuroinflammation mediated

by LPS-activated microglia and thus prevent neuronal loss.

5.2 METHODS

5.2.1 Animals

Neonatal (P0-P3) Swiss mice, both males and females, were chosen for experiments of
primary neuronal and microglial cell cultures, which were all carried out in line with the
Guide for the Care and Use of Laboratory Animals of the Brazilian National Council of
Animal Experimentation (http://www.cobea.org.br/) and the Federal Law 11.794 (October 8,
2008). Experimental approval was obtained from the Ethics Committee for Animal
Experimentation (CEUA) of the Federal University of Rio de Janeiro, protocol
#DAHEICBO027.

5.2.2 Microglial cell line culture

The N9 microglial cell line was kindly provided by Dr. Behnam Badie of University
of Wisconsin (USA), and was maintained in Dulbecco’s Modified Eagle Medium (DMEM)
supplemented with F12 medium and 10% fetal bovine serum (FBS), at 37 °C and in a
controlled atmosphere containing 5% COs. N9 microglial cell line was used until 10 passages
after thawed vial.

The BV-2 microglial cell line was kindly provided by Dr. Alba Minelli of University
of Perugia (Italy) and was maintained in Roswell Park Memorial Institute Medium (RPMI)
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supplemented with 10% FBS, at 37 °C and in a controlled atmosphere containing 5% COo.
The changes of medium were performed every 2-3 days, and the passages of cells were
performed after release of cells from bottles with the aid of cell scrapers.

All cell lines were routinely submitted to mycoplasma test using MycoAlert™

Mycoplasma Detection Kit (Lonza Group Ltd. Basel Switzerland).

5.2.3 Primary microglial culture

Primary microglial cell cultures were obtained as described previously (LIMA et al.,
2001). Briefly, cortices from neonatal Swiss mice were dissociated, and the resulting cells
were plated on poly-L-lysine-coated 75-cm® flasks. The cells were maintained in DMEM
supplemented with F12 medium (1 : 1 ratio), 10% FBS and 1% penicillin/streptomycin for 2
weeks at 37 °C in a humidified chamber with 5% CO,. The medium was changed after 1
week and before cell harvesting. After 14 days, microglia were harvested using an orbital
shaker. The microglial cultures were assessed by immunocytochemistry using anti-Ibal
(ionizing calcium-binding adaptor molecule 1) antibody, and cells presented more than 99%

purity. The cells were counted and plated in 6-, 24- or 96-well plates depending on the assay.

5.2.4 Primary cortical neuron culture

Neuron primary cultures were prepared from the cerebral cortex of E18 mice as
previously described (LIMA et al., 2007). Briefly, single cell suspensions were obtained by
gently dissociating cells from the cerebral cortex in DMEM/F12 supplemented with the same
compounds as in the microglia medium. The resulting neurons were counted and maintained
in 96-well plates (previously coated with poly-L-lysine) in Neurobasal medium supplemented
with B27 (Gibco) for 24 h and kept at 37 °C in a humidified chamber with 5% CO; until use.
The neuronal primary cultures were assessed by immunocytochemistry using an anti-III-

tubulin antibody and cells presented purity higher than 95%.
5.2.5 Cell viability Assays
Microglial cultures were stimulated or not with LPS (1 pg/mL) and treated with or

without CLA (20 to 400 uM) for 48 h. An equimolar blend of CLA (cis-9, trans-11 and trans-
10, cis-12 CLA) with 99% of purity (Larodan, Solna, Sweden) was employed for all assays.
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For the reduction assays (MTT and resazurin), microglia (primary and cell-lines) were seeded
in 96-well plates at a density of 5x10* cells per well. For primary cortical neurons (5x10* cells
per well; 96-well plates), the treatments were similar to those employed to microglia, however
the concentration of CLA used ranged from 30 uM to 100 uM and the incubation time was of
24h. Linoleic acid, C18:2, cis-9, cis-12 LA with 98% of purity (Sigma Aldrich, CA, USA)
was used as lipid control and cells incubated with 0.04% of Triton X-100 at 37 °C for 5 min
were used as death control. For the (3-(4,5-Dimethylthiazol-2-yl)-2,5-diphenyltetrazolium
bromidefor) MTT reduction assay (Promega), after 48 h of incubation, 5 mg/mL MTT was
added and the cells incubated for 2 h at 37 °C in a humidified chamber with 5% CO,. Purple
formazan was solubilized using Dimethylsulphoxide (DMSO) and absorbance measured at
570 nm (AZEVEDO et al., 2013). For the resazurin reduction assay, AlamarBlue® was added
to the cell cultures to a final concentration of 10% v/v, and the plates were then incubated at
37°C for additional 4 h. The absorbance was measured at excitation/emission of 560/590 nm
(REBELLO et al., 2019). For both assays, medium alone was considered as 100% viability.

For the Live/Dead assay (Invitrogen, Carlsbad, CA, USA), N9 microglial cell-line
were seeded on coverslips in 24-well plates at a density of 1.5x10* cells/well, and the assay
was performed according to the manufacturer’s instructions; nine images were acquired in
each condition, with 2—372 cells/image. The percentage of live cells was calculated relative to
the number of control (medium alone-treated) cells.

Apoptosis was measured by the percentage of caspase 3 positive cells by flow
cytometry. N9 microglial cell line (10° cells per well in 6-well plates) were incubated with
LPS (1 pg/mL) and/or CLA at 100 uM for 48h. After incubation, the cells were fixed with 4%
paraformaldehyde in phosphate-buffered saline (PBS) for 20 min, and permeabilized with
0.3% Triton X-100 for 5 min. Cells were then blocked with 5% bovine serum albumin (BSA)
solution for 30 min and incubated for 3 h with primary antimouse antibody against the active
(cleaved) form of caspase 3 (Millipore), 1:400 in 1% BSA solution. Antibody-antigen
reaction was revealed by a secondary antibody conjugated to Alexa Fluor 546, 1:1000
(Invitrogen). Acquisition was performed using a fluorescence-activated cell sorting (FACS)
Calibur flow cytometer (Becton-Dickinson, USA) and data analysis was performed using
WinMDI 2.8 software. A total of 100,000 events were acquired from three independent
experiments for each tested condition (ACQUARONE et al., 2015).
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5.2.6 Nitric Oxide (NO) production assay from microglia

Microglial cells (primary and cell-lines) cultured in 96-well plates (5x10* cells seeded
per well) were activated or not by LPS (1 pg/mL) and treated with or without CLA (60 to 200
uM) for 48 h. Aliquots of the culture medium were then harvested for assays. For
quantification of NO (detected as nitrite) by colorimetric Griess method, 50 uL of cell culture
medium and 50 pL of Griess reagent (0.1% N-1-naphthylethylenediamine in 5% phosphoric
acid and 1% sulfanilamide in the proportion 1:1) were reacted in a 96-well plate at room
temperature for 20 min, and the absorbance was then measured at 540 nm using a microplate
reader. Nitrite concentrations were determined by comparison with a standard curve prepared
with sodium nitrite (AZEVEDO et al., 2013; GENESTRA et al., 2003).

For quantification of NO (detected as nitrite) by high-performance liquid
chromatography (HPLC) (Tahboub, 2008), 100 uL of culture medium were incubated with 10
uL of freshly prepared 2,3-diaminonaphthalene - DAN (316 uM in 0.62 M HCI) at room
temperature for ten minutes followed by addition of 30 uL ultrapure water and 5 uL of 2.8 M
NaOH. Then 30 pL of the resulting mixture was injected into the HPLC. The HPLC system
(Shimadzu, Kyoto, Japan) consisted of a LC-20AT pump, SPD-M20A diode-array-detector,
CTO-20A oven, and SIL-20AC autosampler, all of them connected to a CBM-20A controller.
The chromatographic separation was achieved using a Kromasil® C18 column (150 x 4.6 mm
i.d., 5 pm) and a mobile phase (flow rate: 1 mL min') composed of 15 mM potassium
phosphate bufter (pH= 7.5) in 50% of methanol (A) ultrapure water (B) and methanol (C) at
following elution condition: 0—3 min 100% A, 3.1-5 min 100% B, 5.1-8 min 100% C, 8.1—
10 min 100% B and 10.1-15 min 100% A. The column temperature was maintained at 30 + 1
°C. Detection was performed at 369 nm. The nitrite was identified by retention time and by
spiking the culture medium with the nitrite standard and quantified by interpolation of peak

area in external standard curves (0.5 — 50 pM, r? = 0.996) using LC Solution software.

5.2.7 Quantification of cytokines secreted by microglia

Microglial cultures (primary and cell-lines) in a 24-well plate (5x10° cells per well)
were stimulated with LPS (1 pg/mL) and treated with or without CLA (60 and 100 pM) for
24h. After, the culture supernatant was collected and used to measure the concentration of

TNFa, IL-1pB, IL-4 and IL-10 by sandwich enzyme-linked immunosorbent assay (ELISA) kits



82

(Peprotech, Rock Hill, NJ, USA) according to the manufacturer’s instructions, and the

absorbance was then measured at 520 nm using a microplate reader.

5.2.8 Arginase Activity of microglial cultures

Microglia (primary and cell-lines) stimulated or not with 1pg/mL of LPS and treated
with or without CLA (60 or 100 uM) for 48h were lysed to determine the arginase activity.
After lyse, the arginase activity was determined by spectrophotometric method in accordance
with Ferreira et al. (2014). The microglia lysates were obtained from 5x10° cells treated with
100 pL of 0.1% Triton X-100 for 30 min, followed by the addition of 100 pL of a buffer
containing 25 mM Tris-HCI (pH 7.4) and 10 puL of 10 mM MnSOs. The enzyme was then
activated by heating for 10 min at 56°C, and arginine hydrolysis was carried out by incubating
100 puL of the activated lysate with 100 uL of 0.1 M arginine (pH 9.7) at 37°C for 1 h. To stop
the reaction, 800 pL of H>SOs-H3POs-H>O (1:3:7 [vol/vol/vol]) and 40 pL of 10% a-
isonitrosopropiophenone in 100% methanol were added and the mixture heated to 100°C for
30 min. The activity was determined through urea quantification catalyzed by enzyme from
L-arginine hydrolysis measured at 540 nm. Incubation with 20 ng/mL of IL-4 was used as

positive control.

5.2.9 Western Blotting Analysis

Expression of total and phosphorylated NF-kB, inducible nitric oxide synthase (iNOS)
and IxBa (Inhibitory Subunit of NF-kBa) was determined by Western Blotting Analysis. N9
microglial cell line (10°) were seeded in 6-well plates and treated with LPS (1ug/mL) and/or
CLA (60 or 100 uM) for 30 min. The protein integral fractions were extracted with RIPA
buffer and then centrifuged for 10 min at 10,000 rpm at 4°C. The protein content of the
soluble fraction was quantified using the Coomassie Plus Protein Assay Reagent Kit, and 15
ng of protein was denatured and separated on 15% sodium dodecyl sulfate-polyacrylamide
gel electrophoresis gels and then transferred to poly(vinylidene difluoride) membranes
(PVDF). Then, PVDF membranes were blocked for 1h in blocking buffer and incubated
overnight at 4 °C with primary antibodies (anti-NF-kB, anti-phospoNF-«xB, anti-IxkBa and
anti-Cyclophylline — 1:500 and iNOS — 1:250). After, the membranes were washed with PBS
containing 0.1% Tween-20 and incubated for 45 min with anti-rabbit IgG-Dylight700.

Imunoreactive protein bands were developed by using enhanced chemiluminescence (ECL)
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kits. The membranes were then washed in PBS and immunoreactive protein bands were
quantified through densitometric analysis by densitometry using the imageJ software . The
expression levels were analyzed relative to control (vehicle alone; 100%). As intern control it

was used cyclophylin (AZEVEDO et al., 2013; Chen et al., 2004).

5.2.10 Statistical Analysis

All statistical analysis was performed with GraphPad Prism (v7.00). Results are
expressed as mean £ SD. Grubbs’s test (p < 0.05) was used for outlier analysis. Data were
checked for normality using the Shapiro-Wilk normality test. When normality was ensured,
statistical analysis between multiple groups was assessed using either one- or two-way
ANOVA followed by Tukey’s post hoc test for multiple comparison with the use of Geisser-
Greenhouse test for correction of desequal variability of differences. For multiple groups with
non-normal data, Kruskal-Wallis test followed by Dunn’s post hoc test was employed.
Statistical analysis between two groups was assessed accordingly with two-tailed parametric
or nonparametric tests (unpaired t-test with Welch’s correction or Mann—Whitney test,
respectively). See figure legends for more details. Although testing has ensured data
normality (NO secretion and arginase activity), Spearman’s correlation was employed
between the variables due to better fit of data than Pearson’s correlation test. Spearman’s rank
correlation coefficient and significance are reported in figures. Values of P < 0.05 were
considered to be statistically significant (shown in Figures as *P <0.05, **P <0.01 and ***P

<0.001).

5.3 RESULTS AND DISCUSSION

5.4 FATTY ACIDS-MEDIATED SUPPRESSION OF ACTIVATION OF BOTH N9 AND
BV2 MICROGLIAL CELL LINES

5.4.1 Viability Assays

The effects of various concentrations of the CLA and LA (ranging from 20 to 400 uM)
on the viability of N9 and BV2 cell lines were determined by MTT and resazurin reduction
assays, respectively, and illustrated in Figure 7. The cell viability of the positive control (cells

treated with vehicle alone) was used as reference for comparison with other treatments. The
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fatty acids were not cytotoxic to both cell lines at concentrations up to 100 pM. However, at
200 uM and 400 uM CLA was cytotoxic to N9 cell line (Figure 7 A1-A23), while LA was
cytotoxic to BV2 cell line at 200 uM in one approach, and 400 uM by other assesment
(Figure 7 B1-B2). However, interestingly the cytotoxic effect at 200 pM was observed only
for cells treated with fatty acid alone (A22 and B1) or with fatty acid added before LPS (A23
and B2). Thus, LPS seems to reduce the cytotoxicity of fatty acids. This can be attributed to
fact that LPS down-regulates the expression of PPARy (peroxisome proliferator-activated
receptor-gamma) in rat primary microglia cultures (WARDEN et al., 2016).

The nuclear receptor PPARY is anti-inflammatory in a cell-based system and in animal
models of endotoxemia (ZHOU et al., 2008). On the other hand, CLA have been extensively
described as strong binder of PPARYy in murine macrophages both in vitro and in vivo models
(BASSAGANYA-RIERA et al., 2012; EWASCHUK et al., 2006). LA also is reported as
natural binder of PPARY, although it are relatively poor activator of PPARy when compared
to both its oxidative derivatives in microglia (BERNARDO; MINGHETTI, 2006) and to CLA
in macrophages (MARTIN, 2010; NAGY et al., 1998). Therefore, the downregulation of
nuclear receptor of LA and those supposedly of CLA in microglia may reduce the fatty acids
effects in cells previously treated with LPS. Consistent with these findings, no cytotoxic
effect was reported for BV2 cells treated simultaneously with LPS and CLA at 100 uM
(NALLATHAMBY et al., 2016) and up to 200 uM for 24 h (Lowry, 2014). CLA was
reported not significantly change the in vitro viability of murine macrophage cell-lines treated
simultaneously with LPS and CLA up to 200 uM for 18 h (CHENG et al., 2004). Despite of
this, at 200 uM morphological changes, such as accumulation of cytotoxic granules in
cytoplasm, were observed in cells herein, even if previously treated with LPS (Figure 7).
Hence, in all subsequent assays, concentrations from 200 uM of fatty acids were omitted.

The difference in cytotoxicity at 200 and 400 uM according to the cell line and fatty
acid used may be explained by the fact that the cytotoxicity varies according to the type of
fatty acid, and even between isomers of given a fatty acid, and also according to the
sensitivity of each cell type (BRINKMANN et al., 2013). Cytotoxicity is generated mainly by
lipid peroxidation induced by fatty acid in the threshold concentration, leading to oxidative
stress. Lipoxins, resolvins and protectins resulting from peroxidation have progressive
inhibitory actions (POLAVARAPU et al., 2014).

In order to corroborate the results above obtained for reduction assays, other assays
with more sensitivity were also employed; N9 cell line treated with fatty acids and LPS was

assayed by live / dead and flow cytometry, as showed in Figure 8. The results from reduction
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assays were supported here, because concentration up to 100 uM of CLA did not show
cytotoxicity under any condition tested. In addition, the images ratified that there was no cell

morphological change up to this concentration (Figure 8 A1-12 and B1-B6).

5.4.2 LPS-induced NO and cytokine profiles

The effects of treatments with fatty acids on NO secretion by N9 and BV2 cell lines
are reported in Figure 9. No fatty acid changed the NO levels when added alone to cell
cultures, suggesting that the fatty acids do not alter the NO baseline levels in both cell lines.
In contrast, as expected, the addition of LPS significantly stimulated both N9 and BV2 to
secrete NO (AZEVEDO et al., 2013). These results are consistent with the LPS upregulating
the inducible nitric oxide synthase (iNOS) isoform, leading the microglia to produce NO at
enhanced rates in animal in vitro and in vivo models (POSSEL et al., 2000; ZHANG et al.,
2012). However, when the fatty acids were present, they significantly reduced NO secretion
by the LPS-stimulated N9 cell-line, no matter LPS scheme (Figure 9A and B). LA caused a
more dramatic reduction (up to 75%), while CLA reduced up to 26.72% of NO when
compared to the positive control in N9 cell line. As a whole, NO reductions were more
expressive when fatty acids were added before the inflammatory stimulus (LPS), which
indicates that they can be even more promising for preventive effects (Figure 9).

Regard to BV2 cell line, the effects of both fatty acids on NO secretion by LPS-
stimulated microglia were less dramatic when compared to N9 cells (Figure 9C and D). CLA
did not present any significative effect, while LA reduced up to 40% the NO levels released
by BV2 cells. Therefore, LA presented pronounced effects when compared to CLA in both
microglial cell-lines studied herein. Consistent with these findings, LA has been reported to
reduce the NO levels released at 24h by LPS-stimulated BV2 cell line; at 100 puM, it reduced
about 50% (NALLATHAMBYET et al, 2016; LOWRY, 2014) and at 250 puM, 75%
(LOWRY, 2014). Also, CLA is reported to reduce the NO secretion by macrophages in
inflammatory disease’s animal models both in vitro (BRUEN et al, 2016) and ex vivo
(YANG; COOK, 2003).

In order to again corroborate the results obtained above for NO quantification by
Griess method with a more sensitive assay, N9 cell line treated with CLA and LPS was
assayed by high performance liquid chromatography - HPLC (Figure 10). The results
obtained by Griess method were validated by HPLC, with no significant change in NO
baseline levels (Figure 10 A), and significant reduction of NO in LPS-induced CLA-treated
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cells at 100 uM (Figure 10 B). The Figure 10 C shows the LPS-induced peak of nitrite, being
this peak markedly reversed after treatment with CLA (Figure 10 D).

Cytokines were quantified in both N9 (Figure 11) and BV2 (Figure 12) cell lines after
treatments with the fatty acids. For proinflammatory cytokines in N9 cell line, CLA at 60 uM
reduced the IL-1p secretion, while LA at 100 pM was able of reduced it compared to baseline
(Figure 11 A). Similar behavior was observed in BV2 cell-line, where LA reduced IL-1f3
levels for both concentrations tested, while CLA reduced only at 100 uM in non-stimulated
cells (Figure 12 A). Regarding TNF-a, none of the fatty acids changed the baseline level of
this cytokine for N9 cell-line (Figure 11 C). On the other hand, both fatty acids at 60 uM
increased the TNF-a levels, while at 100 uM, both reduced this cytokine in BV2 cells (Figure
12 C).

Microglial activation occurred through LPS treatment as observed by the increase of
TNF-a in BV2 cell-line (Figures 11 D and 12 D). We no have found statistical significance in
N9 cells, despite the increase in the level of TNF-a in about 2.90 fold. The lack of statistical
significance for LPS-induced TNF-a in N9 cells may be attributed to its marked high levels
(up to 7.06 fold) by LPS plus fatty acids at 100 uM (Figure 11 D). LPS-stimulated microglial
activation also increased significantly the IL-1f secretion (2.14 fold) by N9 cells (Figure 11
B), the same was not true for the BV2 cell-line (Figure 12 B). Similarly, Ackerman et al.
(2015) reported that LPS-treated BV-2 cells did not show the robust induction of IL-1f .
Moreover, addition of ATP during treatment with LPS in BV2 cell-line has been reported
induce cleavage of pro-IL-1p to mature IL-18 (LEE et al., 2016). It is important to highlight
that ATP was not used herein and then no additional conjectures could be made.

The LPS-mediated activation of NF-kB pathway is a well-known mechanism that
culminates with triggering the transcription of proinflammatory genes (CHE et al., 2018).
Thus, regarding LPS-stimulated N9 cells, both fatty acids tested at 60 uM reduced IL-1f
secretion to baseline level, when added 1h before LPS stimulus. However, only the CLA
showed a reduction effect of this cytokine also when added 3h after the LPS (Figure 11 B). In
BV2 cells, as LPS did not stimulate the IL-1P secretion, all treatments with fatty acid and
LPS, even those with LPS alone, had IL-1p levels below baseline, excepting CLA at 100 uM
(Figure 12 A). In this concentration, the IL-1f level was similar to that of the baseline.

Regarding TNF-a, both fatty acids at 100 uM increased it when previously added to
LPS in N9 cell line, however, only CLA leaded to this increase when added later to
endotoxin, also in the concentration of 100 uM (Figure 11 D). On the other hand, for BV2 cell
line, only LA (at 100 uM) increased TNF-a levels both before and after LPS addition, while
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CLA had opposite effect, reducing TNF-a to baseline level when added both before and after
LPS (Figure 12 D). The different effects observed for a same fatty acid between cell lines may
be explained by the fact that immortalized cell-lines, to be immortalized, are genetically
modified with the insertion of viral oncogenes, such as v-myc or v-mil of the avian retrovirus
MH?2 in NO cell-line. Oncogenes from J2 virus, turn on, were inserted to obtain BV2 line.
These genetic modifications leads to phenotypic differences (STANSLEY; POST;
HENSLEY, 2012).

Additionally, the LA and CLA effects on cytokines profile are controversial in
scientific literature. LA has been reported as inflammatory pathway activator in microglia that
is observed through upregulation in pro-inflammatory cytokine expression (IL-1p and TNF-a)
(DESALE; CHINNATHAMBI, 2020). Similar effect to enhance of TNF-a by CLA also was
reported in murine macrophages cell line (DARMANI et al., 1995). However, there are
reports on LA effects (at 30 uM) reducing gene transcription of IL-1p and TNF-a by BV2
cell-line activated by palmitic acid, which is described to mimic LPS-induced inflammatory
responses (TU et al., 2019). In addition, LA metabolites has been showed to act as inhibitor of
LPS-induced inflammation in microglia both in vitro IKEGUCHI et al., 2018) and in vivo
animal models (MIYAMOTO et al., 2015). Regarding CLA, it reduced LPS-stimulated TNF-
a production in murine macrophage cell line; on the other hand, mice submitted to
intraperitoneal LPS-injection and CLA-supplemented diet during 6 weeks, did not show
significant difference compared to control group (corn oil-supplemented diet) when peritoneal
resident macrophages were assayed ex vivo for TNF-a production (KANG et al., 2007).
However, a meta-analysis on controlled human research clinical trials showed that there was
no significant heterogeneity for the impact of CLA supplementation on TNF-a, so that CLA
increases the blood TNF-a level (HAGHIGHATDOOST; GH, 2018). Interestyling, the
increase of TNF-a by CLA was described to be mediated by a PPARy-dependent pathway in
porcine peripheral blood polymorphonuclear cells (PBMCs) in vitro (KANG; LEE; YANG,
2007).

The differences of effects of fatty acids on cytokines profile among different studies
may be attributed to, at least in part, concentration of fatty acids, because recent findings
suggest that LA is involved in both pro- and anti-inflammatory signaling pathways, and being
the predominant effect influenced by concentration range employed (FRITSCHE, 2008). In
adittion, treatment with CLA exhibited anti-inflammatory effect on LPS-induced PBMCs,
while it showed proinflammatory effect in non-stimulated cells. This highlights that CLA may

elicit different actions depending on the environmental conditions, thus requiring further
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mechanistic investigations (VILAMIDOU; HONTECILLAS; BASSAGANYA-RIERA,
2015).

Regard to anti-inflammatory cytokines, both fatty acids at 60 uM increased IL-4
levels, while only CLA also increased it in concentration of 100 uM for NO cell line (Figure
11 E). For BV2 cell line, CLA at 60 uM increased IL-4 levels, while LA at 100 uM had
opposite effect (Figure 12 E). For IL-10, none fatty acid changed its levels in baseline in N9
cells (Figure 11 G). When the cells were LPS-induced, CLA at 100 uM increased IL-4 both
when added before as after LPS, while LA increased it only when added after LPS in N9 cells
(Figure 11 F). For BV2 cells, LA at 60 uM increased IL-4 levels only when added before
LPS, while both fatty acids at 100 uM increased this cytokine for same condition (Figure 12
F). For IL-10, both fatty acids at 100 uM increased it; however, CLA had this effect when
added before LPS, while LA did it when added after LPS in N9 cells (Figure 11 H).

Reports of effects of both fatty acids on anti-inflammatory cytokines are scarce, even
for macrophage. Because promising therapeutic strategies should inhibiting the canonical
proinflammatory pathway, but maintaining the non-canonical anti-inflammatory pathway of
NF-kB, in order to promote the profile of regeneration and neuroprotection in the microglia,
such study is also important (SANCHEZ-GUAJARDO et al., 2013). Mice fed with CLA-
supplemented diet had increased IL-10 levels by bone marrow-derived macrophages in an in
vivo model of atherosclerosis (MCCARTHY et al., 2013). In addition, CLA was described to
increase the expression of IL-10 mediated by the ERK signaling pathway in dendritic cells
(LOSCHER et al., 2005). IL-4 and IL-10 are M2 phenotype-related cytokines in microglia
(GU et al., 2018). Therefore, the increase of theses cytokines by both fatty acids suggests that
they may be driving microglia from M1 to M2 phenotype.

5.4.3 Arginase activity in N9 and BV2 cell lines

The arginase activity was measured in both cell lines treated with LPS and fatty acids
for 48 h, and the results are showed in Figure 9. IL-4 was used as positive control of the
method. For N9 cells, CLA alone did not show tendency to change the arginase activity
(Figure 9 A), while LA, in both concentrations tested, reduced this activity when compared to
non-treated control (Figure 9 B). In addition, CLA alone did not show tendency to change the
arginase activity in BV2 cells, similar to that observed in N9 cells (Figure 9 C), while LA at
60 uM seemed increased this activity (Figure 9 D). LPS induced arginase activity suppression

in relation to baseline in both studied lines (Figure 9). In addition, both fatty acids when
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added before LPS inhibited the LPS-induced suppression, presenting activity values near to
the baseline, while when the fatty acids were added after LPS, they potentiated the
suppression effect by LPS in N9 cells (Figures 9 A and B). For BV2 cells, LA had similar
behavior to that observed in N9 cells, although less pronounced (Figure 9 D). On the other
hand, CLA did not show clear tendency on arginase activity in BV2 cells treated with LPS,
presenting weak effect on arginase activity in this cell line (Figure 9 C).

However, these differences were not sufficient to reach statistical significance in both
cell-lines (Figure 9). Even so, significant inverse correlation between arginase activity and
NO levels (r > - 0.717; p < 0.037) for cells treated with fatty acids corroborated the their
tendency to influence the arginase activity both in N9 and BV2 cells. Arginase is an enzyme
that competes with iNOS for the L-arginine substrate, which is used by iINOS for NO
production (LISI et al., 2016). Moreover, arginase is an anti-inflammatory M2 activation state
maker in microglia (SUBRAMANIAM; FEDEROFF, 2017). Thus, although the differences
in the arginase activity were not statistically significant herein, they indicate that both fatty
acids tend to skew the microglia to M2 phenotype when added before LPS stimulus.
Microglial M2 activation phenotype has been reported to favor neuroprotection (CHERRY;
OLSCHOWKA; O'BANION, 2014). Consistent with the tendency observed herein, LA was
reported to increase the M2 maker, CD36 expression in THP-1 human monocytic cell-line
after 24 h treatment (VALLVE et al., 2002). Similarly, CLA affected the in-vitro macrophage
polarization by reducing the CD68 expression in M1 cells, and increasing both M2-
phenotypes associated CD163 and CD206 in human macrophages (de GAETANO et al.,
2015). In addition, CLA in vivo supplementation induced the M2 phenotype in macrophages
via increased IL-10 production in mice (McCARTHYET et al., 2013a; McCARTHY et al.,
2013Db).

5.5 CLA-MEDIATED SUPPRESSION OF ACTIVATION OF PRIMARY MICROGLIA

5.5.1 Viability Assays

Primary microglia treated with CLA, LA and LPS was assayed for viability after 48 h
of incubation, and results are exhibited in Figure 13. CLA was innocuous for all
concentrations tested (60 to 200 puM), both when added alone (Figure 13 A) and
simultaneously with LPS (Figure 13 B). On the other hand, LA was cytotoxic in a dose-
dependent manner, leading to significant viability loss (from 21.96 to 91.67 %) when
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compared to baseline even at the lowest concentration tested (60 uM) (Figure 13 B). Most
studies evaluated the LA effect on microglial cell line, however, there are only few reports of
the effects of LA on primary microglia; in addition, the few studies did not carry out a
viability assay (OH et al., 2009; MALDONADO-RUIZ et al., 2019), which makes impossible
to compare our result with other studies. Furthermore, primary microglia unlike cell lines, did
not present reduced cytotoxicity by previous treatment with LPS (Figure 13 B). As LPS
downregulates PPARy (WARDEN et al., 2016), the findings indicate that there should be a
weak bind of LA to PPARY in primary microglia, so that reduction of PPARy was any able to
mitigate cytotoxic effects of LA on primary microglia. This result corroborates reports about
LA to be a poor agonist of PPARy in microglia when compared to other polyunsaturated fatty
acids (BERNARDO; MINGHETTI, 2006).

5.5.2 Effect of CLA on LPS-induced NO and on the cytokine profile in primary

microglia

The levels of secretion of NO and cytokines by murine primary microglia treated with
CLA and LPS are presented in the Figures 13 and 14. CLA alone did not change the NO
baseline levels secreted by primary microglia for any CLA concentration tested herein (Figure
13 C). This CLA behavior on NO levels mirrors those observed previously for N9 and BV2
cell lines (Figure 9). LPS induced NO secretion, increasing in 2.25 fold when compared to
baseline (Figure 13 D). Primary microglia pre-treated with CLA reduced secretion of NO
from 49.54 % to 53.64 %, while cells post-treated presented NO reduction ranging from 26.43
% to 43.86 % (Figure 13 D). Therefore, CLA showed a more dramatic effect of inhibition of
NO release when added previously to LPS, which corroborates CLA as a preventive more
than therapeutic agent, as also observed for cell lines herein (Figure 9 A). However, for both
conditions, CLA reduced NO to baseline, except when at 200 uM in post-treated cells. In
addition, the effects of CLA on NO reduction were more pronounced in primary microglia
than NO cells (up to 26.72 %), while had no significant effect in BV2 cells (Figures 9A and
C). Even with the similarity to primary microglia, the cell lines do contain oncogenes that
render them in some ways different from primary microglia, such as increased proliferation
and adhesion, and increased variance of morphologies (HORVATH et al., 2008). In addition,
BV2 cell line appears to be a trade-off of magnitude of stimulatory response compared to

primary microglia (STANSLEY; POST; HENSLEY, 2012), and the upregulation of LPS-
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induced genes in the BV2 was far less pronounced than in primary microglia (HENN ef al.,
2009).

Regarding that the CLA effects in cell lines and its effect on NO secretion in primary
microglia were more promising when the cells were pre-treated with CLA, the cytokines
quantification and arginase activity assays in primary microglia were performed only with
CLA being added before LPS. The cytokines profile for primary microglia treated with CLA
and LPS for 24 h are reported in Figure 14. CLA alone reduced in a dose-dependent manner
the baseline of IL-1B (up to 92.76 %) for both concentrations tested (Figure 14 A). On the
other hand, the TNFa baseline was not changed by CLA (Figure 14 C). In addition, CLA at
100 uM increased 3.08 fold the IL-4 levels compared to baseline (Figure 14 E).

Again as expect, treatment with LPS, turn on, induced increase of secretion of IL-13
and TNFa in 2.31 and 32.28 fold, respectively, compared to baseline (Figure 14 B and D). In
this scenario, CLA reduced LPS-induced IL-1p release dose-dependent manner, decreasing its
values up to 32.41% (Figure 14 B). On the other hand, CLA had opposite effect on TNFa,
increasing it up to 4.14 fold (Figure 14 D). Regard to IL-4, CLA at 60 uM increased it in 3.57
fold when compared to cell treated with LPS (Figure 14 F). The increase of IL-4 levels, which
is a characteristic cytokine of M2 microglial activation (SUBRAMANIAM; FEDEROFF,
2017), indicates that CLA may be driving primary microglia from M1 into M2 phenotype,
disregard the enhanced TNFa release.

The cytokines behavior in CLA-treated primary culture was similar to those observed
in N9 cell line for all cytokines studied both baseline and LPS-induced (Figure 11). On the
other hand, the cytokines behavior in primary microglia was similar at a lesser extent to BV2
cells (Figure 12), since unlike primary microglia, CLA increased IL-1p and reduced TNFa in
cells treated with LPS, besides reduce baseline TNFa when at 100 uM in BV2 cells (Figure
12). Indeed, the validity of BV2-cells as a sufficient substitute for primary microglia has been
debated (STANSLEY; POST; HENSLEY, 2012). Consistently, transcriptome sequencing
revealed that LPS-triggered transcriptional responses in microglia BV2-cell lines were poorly
representative of primary microglia (DAS et al., 2016). In addition, the expression of PPAR-y
in primary microglia may explain the discrepancy with studies on BV-2 cells, with lack of
PPARy expression in BV2-cells and, thus, they may not be fully representative of primary
microglia (BERNARDO; MINGHETTI, 2006). This is one more evidence that PPARy
pathway should play a key role for CLA action on microglia, and that this receptor is less

relevant for LA effect, since CLA did not present significant effect on some relevant
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inflammatory markers, as NO and arginase activity in BV2 cells, while LA maintained
significant effects, although to a lesser extent.

In line with these findings, CLA is reported to regulate activation of PPARy by
modulation of phosphorylation performed through ERK 1/2 signaling in human in vitro
macrophages, while LA did not present a significant effect on PPARy phosphorylation
(STACHOWSKA et al., 2011). It is important to highlight that PPAR-y agonists are currently
gaining increasing attention as promising disease-modifying drugs in the Parkinson’s disease,
selectively targeting the expression of neurotoxic factors in reactive microglia (CARTA;

PISANU, 2012).

5.5.3 Arginase activity in primary microglia

The arginase activity was obtained after treatment of primary microglia with CLA and
LPS for 48 h and are reported in Figure 15. As both microglial cell-lines presented more
promising results for arginase activity in a preventive manner, the its activity was tested in
primary microglia adding CLA before LPS. Similar to observed for N9 and BV2 cell-lines,
CLA alone did not affect the baseline level of activity of enzyme compared to non-treated
control (Figure 15 A). In addition, LPS suppressed the activity of enzyme in primary
microglia as observed previously for both microglial lines, however the effect was more
dramatic in primary microglia (reduction of 55.16 %), presenting thus statistic significance (p
< 0.05). This is consistent with LPS-induced M1 polarization in microglia with significant
reduction of arginase expression (WEN et al., 2017). However, CLA at 100 uM completely
inhibited LPS-induced suppression, presenting arginase activity similar to baseline. Such
effect, however, was not observed for CLA at 60 uM. Therefore, the tendencies observed for
effects of CLA plus LPS on arginase in the N9 cell-line were corroborated by primary
microglia, which presented significant inhibition of LPS-induced arginase suppression.
Consistently, a more strongest correlation between arginase activity and NO levels (Figure 15

B) was observed for primary microglia (r = - 0.900; p = 0.043) compared to cell lines.

5.6 EFFECTS OF FATTY ACIDS ON EXPRESSION OF M1 ACTIVATION MARKERS
USING N9 CELL LINE AS REPRESENTATIVE OF PRIMARY MICROGLIA

Amongst the microglia cell-lines studied herein, N9 was the one that presented similar

behavior to primary microglia regarding the effect on NO secretion, cytokine profiles and
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arginase activity. Thus, N9 cells were used for studying of signaling pathway of fatty acids in
microglia. Representative immunoblots and analyses of expression of NF-kB phosphorylade,
IxBa and iNOS proteins are reported in Figure 16. CLA alone exclusively increased IxBa
expression (up to 4.28 fold) in both concentrations tested, while LA did no present effect
(Figure 16 A). For NF-xB phosphorylade, the changes observed were no significant (Figure
16 C). NF-xB is expressed and plays an important role in the activation of the M1 microglial
phenotype; activation of the NF-kB pathway lead to expression of various innate immune and
inflammatory factors (CHE et al., 2018). On the other hand, several inhibitors of NF-kB have
been identified, including the isoform IxBa, which block the transcriptional activity of p65
subunit of NF-«xB, thus inhibiting the transcription of pro-inflammatory genes (FERREIRO;
KOMIVES, 2010). Therefore, in a isomer-specific manner, CLA lead to enhancement of IkBa
inhibitor compared to baseline. However, this increase in inhibitor was not sufficient to lead
to significant changes in expression of NF-kB phosphorylade in cells without inflammatory
challenge (Figure 16 C).

When inflammatory stimulus occurs, phosphorylation of domain of NF-xB-bound
IxBa is performed, leading to degradation of inhibitor and consequent translocation of NF-kB
to the nucleus, activating the transcription of pro-inflammatory genes (FERREIRO;
KOMIVES, 2010). Coherently, the treatment with LPS increased NF-kB phosphorylade in
3.88 fold (Figure 16 D). In addition, CLA increased the IkBa expression (up to 2.90 fold), and
this increase of inhibitor was accompanied by the suppression of LPS-induced NF-xB
expression (up to 51.80 %) in both CLA concentrations tested (Figure 16 D). In line with
these findings, CLA was reported to reduce the activation of NF-xB in vitro in dendritic cells
(LOSCHER et al., 2005) and macrophages (CHENG et al., 2004).

The effect of inhibition of NF-kB herein was isomer-specific, indicating that the
increase of IkBa inhibitor caused by CLA, but not LA, was relevant to suppress the LPS-
induced NF-«xB activation. This finding also indicates that the anti-inflammatory effects of
LA may be exerted through a signaling pathway other than NF-xB, while NF-kB pathway
showed to be relevant for the CLA effects observed. It is consistent with the fatty acids
behavior in murine in vitro macrophages previously reported by Li et al. (2005); CLA
significantly decreased NF-kB activation, and this effect was attributed, at least partially, to
the inhibition of IkBa degradation, whereas LA had no inhibitory effects on its degradation.
In addition, the findings herein support CLA as driving the microglial activation state from

MI into M2, in what seems be mediated via inhibiting pro-inflammatory NF-kB pathway.
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On the other hand, the reports of effects of LA on NF-xB pathway in microglia are
controversial. Tu et al. (2019) reported significant increase of IxBa inhibitor by LA (at
30uM) in BV2-cells treated with palmitic acid, which mimic LPS-induced proinflammatory
challenge. On the other hand, similar to reported herein, Ikeguchi et al. (2018) found that LA
metabolites were no able to inhibit NF-xB activation or increase the IxBa expression in BV2
cells. In addition, they found that the anti-inflammatory effects of LA metabolites may be
exercised in another pathway, through inhibition of ERK phosphorylation induced by LPS.
Different results for same cell line among different laboratories were attributed to genetic drift
of the cell line or possibly technical differences in the experimental preparation (STANSLEY;
POST; HENSLEY, 2012).

Regard to iNOS, both fatty acids at both concentrations tested increased its baseline
expression up to 3.72 fold (Figure 16 E). Interestingly, this increase in iNOS expression was
not accompanied by elevation of NO secretion (Figure 9). The treatment with LPS stimulated
enhanced expression of iNOS (6.54 fold), which can be attributed to NF-«xB activation, which
induces iINOS expression (ZHANG et al., 2012). This expression was reduced to baseline
levels by CLA, leading to inhibition up to 54.05 %. Similar effect of CLA on iNOS in LPS-
induced murine in vitro macrophages was reported (IMAKIRI; SAMPSON; ALLEN, 2002).

On the other hand, LA showed only a tendency to reduce iNOS expression herein
(Figure 16 F). Nevertheless, significant reduction of expression of LPS-induced iNOS by LA
has been reported in BV2-cell line (LOWRY, 2014; NALLATHAMBY et al., 2016;
IKEGUCHI et al., 2018). Again, however, the reduction of iNOS was not accompanied by
NO proportional reduction herein, since LA did not inhibit significantly iNOS, however, it
reduced nitrite release levels more pronouncedly than CLA (Figure 9). These results may
seem contradictory; however, regulation of iNOS activity is a factor need to be considered
when interpreting the result that LA treatment reduced nitrite levels without reducing iNOS
protein expression. When activated with LPS, murine macrophages with genic deletion for
essential enzyme in the biosynthesis of tetrahydrobiopterin (BH4), a required cofactor for
iNOS activation, induced iNOS expression in an indistinguishable fashion from wild-type
controls, but produced no detectable NO (McNEILL et al., 2015). Therefore, further studies
should assess the regulator factors of activation of iNOS induced/inhibited by LA and CLA in

microglia to address this research gap.
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5.7 CLA PROTECTS CORTICAL NEURON FROM LPS-INDUCED NEUROTOXICITY

Results of viability for primary cortical neurons treated with fatty acids and LPS for 24
h are shown in Figure 17. Fatty acids alone had no cytotoxic effect on primary neurons in
concentration ranged tested (30 to 100 uM). The addition of LPS in neurotoxic concentration
(100,000 ng / mL) led to neuronal death (46.7% viability reduction). LPS was reported to
induce mitochondrial fragmentation in neurons, which lead to neuronal death in mice in vivo
model (HARLAND et al., 2020). Co-treatment with CLA and LPS completely prevented
endotoxin-induced neuronal death: CLA increased neuronal viability from 53.31% (neuronal
death induced by LPS) to 100.91%. It suggests that CLA has neuroprotective effect on LPS-
induced direct neuronal injury. This is in line with the in vitro protection of cortical neurons
by the CLA against glutamate-mediated excitoxicity previously reported by Hunt ef al
(2010). In this study, CLA increased the neuronal expression of Bcl-2, which reduced the
dissipation of the mitochondrial membrane potential, suggesting a stabilizing function of CLA
over the mitochondrial function (HUNT et al., 2010). This effect was not observed for LA,
which indicates that neuroprotection from direct neuronal injury by LPS is an specific-isomer
property. Indeed, metabolites from LA, but not LA, have been reported a strong neuronal
protector from oxidative stress, through inhibiting apoptosis (YAGUCHI; FUJIKAWA;
NISHIZAKI, 2010).

5.8 CONCLUSION

Taken together, the results obtained demonstrated that CLA mitigated the microglial
activation by LPS, reducing the secretion of NO and IL-1pB pro-inflammatory cytokine and
increasing IL-4 and IL-10 anti-inflammatory cytokines by primary microglia culture and N9
cell line. LA showed similar suppressive effects on microglial activation in N9 cells.
However, only CLA had significant effect on arginase activity. The treatment with CLA
completely prevented the LPS-induced suppression of arginase activity in primary microglia,
also the arginase activity strongly correlated with the NO levels both in primary microglia and
N9 cells treated with CLA. This suggested that CLA drove microglia from M1
(proinflammatory) to M2 (anti-inflammatory) phenotype. The microglia polarization was
resultant, at least in part, of inhibition of NF-kB proinflammatory pathway as well as

reduction of iINOS expression through enhanced expression of IkBa inhibitor in LPS-
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activated microglia. The inhibitory effect on microglial NF-xB and iNOS was isomer-
specific, because LA did not present such effect when microglia was activated. Evidences
suggested that PPARY plays a relevant role for CLA action on microglia, and a lesser extent
for LA. Co-treatment with CLA and LPS completely prevented cortical neuronal death
induced by the endotoxin, being this neuroprotection also isomer-specific. Thus, CLA has
potential as anti-inflammatory and neuroprotective candidates against microglia-mediated

neuroinflammatory disorders, in what seems to have isomer-specific particularities.

5.9 FIGURES AND TABLES

Figure 7 - (A) Evaluation of cytotoxicity of fatty acids (FA) in N9 cell line.
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Phase-contrast micrographs showing the general morphology of controls (A1-3) and wells treated with
conjugated linoleic acid — CLA (A4-12) or linoleic acid — LA (A13-21). CLA or LA ranging from 20 to 400 uM
were incubated with N9 cells for 48h and the cell death was determined by MTT assay: Cells incubated with
vehicle (DMSO) were used as positive control for those treated with FA alone (A22), while cells incubated with
vehicle plus LPS were used as positive control for cells treated simultaneously with FA and LPS (A23). (B)
Viability assay to assess the cytotoxicity of FA in BV2 cell line. Percentage of resazurin reduction by viable cells
treated with FA alone (B1) or with LPS plus FA (B2) for 48h, in concentration ranging from 60 to 200 uM. Bl
and B2 show the percentage (%) of live cells compared with medium alone (considered as 100% viability; not
shown) and cells incubated with 0.04% of Triton X-100 at 37 °C for 5 min were used as negative control of
viability (A22-23 and B1-2). Bars represent the mean = SD of three independent experiments. **p < 0.01, and
*¥**p < 0.001, compared to the control (CTR). Scale  bars  are 100  um.
Source: the author.
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Figure 8 - (A) Cell viability was assessed in a Live/Dead approach of showed NO cell line in different

concentrations of conjugated linoleic acid (CLA)
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Cell viability was assessed in a Live/Dead approach of showed N9 cell line in different concentrations of
conjugated linoleic acid (CLA). N9 cells were incubated with CLA (20 to 400 uM) for 48h. Live cells stained in
green and dead ones in red (A1-14). Vehicle at 0.05% (A13) and vehicle plus LPS at 1pg/mL (A14) were
incubated with N9 cells as controls. A13-14 show percentage (%) of live cells considering medium alone as 100%
viability (not shown). Scale bars are 50 uM for all images. (B) Apoptosis analysis of N9 cell line after incubation
with CLA at 100 uM for 48h. Flow cytometric detection of caspase activity in N9 cells using antibody against the
active (cleaved) form of caspase 3 (B1-8). Also as controls, vehicle at 0.05% (B7) and vehicle plus LPS at 1pg/mL
(B8) were directly incubated with N9 cells. Bars represent the mean + SD of three independent experiments. **p <

0.01, and ***p < 0.001, compared to the control (CTR).
Source: the author.
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Figure 9 - Arginase activity levels inversely correlate with nitrite conversion both for N9 cell line (A-B) as for
BV2 cell line (C-D) treated with conjugated linoleic acid (CLA) or linoleic acid (LA) for 48h
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Arginase activity levels inversely correlate with nitrite conversion both for N9 cell line (A-B) as for BV2 cell
line (C-D) treated with conjugated linoleic acid (CLA) or linoleic acid (LA) for 48h. The arginase activity was
measured through urea formation catalyzed by enzyme. NO was measured as nitrite using Griess reagents in
culture supernatants. As control, vehicle at 0.05% was also incubated with the cells. Additionally, for nitrite
levels, cells treated with LPS at 1 pg/mL were used as positive control. The cells were both pre-treated with fatty
acid - 1h before LPS - (CLA/LPS or LA/LPS) and pos-treated with fatty acid - 3h after LPS — (LPS/CLA or
LPS/LA). Spearman’s correlation coefficient and p-values are as indicated. ‘represents the comparison between
control (CTR) and treatments for nitrite levels and *represents the comparison between LPS and treatments for
nitrite levels. Bars represent the mean =+ SD of three independent experiments. *p and #p < 0.05.

Source: the author.
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Figure 10 - Conjugated linoleic acid (CLA) at 100 uM prevent LPS-induced nitric oxide secretion by N9 cell
line
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Conjugated linoleic acid (CLA) at 100 uM prevent LPS-induced nitric oxide secretion by N9 cell line, which
was treated with CLA alone (A) or incubated simultaneously with CLA and LPS (B). Preincubation (1h before
LPS) or post incubation (3h after LPS) with CLA was performed for 48h. After, supernatant was measure by
High Performance Liquid Chromatography — HPLC (C and D). Exposition to LPS (1 pg/mL) activated N9 cells,
increasing the nitric oxide secretion (C), while post incubation with CLA at 100 uM prevent this release (D).
“represents the comparison between control (CTR) and treatments and *represents the comparison between LPS
and treatments. Bars represent the mean + SD of three independent experiments. ***p < 0.001; #p < 0.01.
Source: the author.



100

Figure 11 - Evaluation of pro-inflammatory (IL-1p and TNF-a) and anti-inflammatory (IL-4 and IL-10) cytokine
profile respective to N9 cell line treated with conjugated linoleic acid (CLA) or linoleic acid (LA) at 60 or 100
uM after 24h (A-H)
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Evaluation of pro-inflammatory (IL-1p and TNF-a) and anti-inflammatory (IL-4 and IL-10) cytokine profile
respective to N9 cell line treated with conjugated linoleic acid (CLA) or linoleic acid (LA) at 60 or 100 uM after
24h (A-H). As control, vehicle at 0.05% was also incubated with N9 cells. As positive control, cells were treated
with LPS at 1 pg/mL. The cells were treated with FA alone (A, C, E, and G) or FA plus LPS (B, D, F, and H).
The cells were both pre-treated with FA - 1h before LPS - (FA/LPS) and pos-treated with FA - 3h after LPS —
(LPS/FA). ‘represents the comparison between control (CTR) and treatments and “represents the comparison
between LPS and treatments. Bars represent the mean = SD of three independent experiments. *p < 0.05, **p <
0.01, and ***p < 0.001; #p < 0.05, #p < 0.01, and **p < 0.001.

Source: the author.
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Figure 12 - Evaluation of pro-inflammatory (IL-1p and TNF-a) and anti-inflammatory (IL-4 and IL-10) cytokine
profile respective to BV2 cell line treated with conjugated linoleic acid (CLA) or linoleic acid (LA) at 60 or 100

uM after 24h (A-H)
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Evaluation of pro-inflammatory (IL-1f and TNF-a) and anti-inflammatory (IL-4 and IL-10) cytokine profile
respective to BV2 cell line treated with conjugated linoleic acid (CLA) or linoleic acid (LA) at 60 or 100 uM
after 24h (A-H). As control, vehicle at 0.05% was also incubated with BV2 cells. As positive control, cells were
treated with LPS at 1 pg/mL. The cells were treated with FA alone (A, C, E, and G) or FA plus LPS (B, D, F,
and H). The cells were both pre-treated with FA - 1h before LPS - (FA/LPS) and pos-treated with FA - 3h after

LPS — (LPS/FA).

‘represents the comparison between control (CTR) and treatments and “represents the

comparison between LPS and treatments. Bars represent the mean + SD of three independent experiments. *p <

0.05, **p < 0.01, and ***p < 0.001; *p < 0.05, #p < 0.01, and **p < 0.001.
Source: the author.
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Figure 13 - Conjugated linoleic acid (CLA) is innocuous and prevents the nitric oxide secretion by primary
microglia cultures
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Conjugated linoleic acid (CLA) is innocuous and prevents the nitric oxide secretion by primary microglia
cultures. Cell viability to fatty acids (FA) was assessed using resazurin reduction assay (A-B). Primary microglia
were treated with FA for 48h. CLA or linoleic acid (LA) were incubated alone (A) or simultaneously with LPS
(B). Preincubation (FA/LPS) or post incubation (LPS/FA) with FA was performed. Microglia incubated with
vehicle was used as control for microglia treated with fatty acid alone (A), while microglia incubated with
vehicle plus LPS was used as control for cells treated simultaneously with FA and LPS (B). A-D show the
percentage (%) of live cells compared with medium alone (considered as 100% viability; not shown) and
microglia incubated with 0.04% of Triton X-100 at 37 °C for 5 min was used as negative control of viability.
Nitric oxide secretion was measured by nitrite quantification in supernatant of primary microglia cultures using
Griess reagents after 48h of incubation with CLA (C-D). As positive control, cells were treated with LPS at 1
ug/mL. ‘represents the comparison between control (CTR) and treatments and *represents the comparison
between LPS and treatments. Bars represent the mean + SD of three independent experiments. *p < 0.05, **p <
0.01, and ***p < 0.001; p < 0.05, and #p < 0.001.

Source: the author.



103

Figure 14 - Evaluation of pro-inflammatory (IL-1p and TNF-a) and anti-inflammatory (IL-4 and IL-10) cytokine
profile respective to mice primary microglia pre-treated with conjugated linoleic acid (CLA) at 60 or 100 pM
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Evaluation of pro-inflammatory (IL-1p and TNF-a) and anti-inflammatory (IL-4 and IL-10) cytokine profile
respective to mice primary microglia pre-treated with conjugated linoleic acid (CLA) at 60 or 100 uM after 24h
(A-F). As control, vehicle at 0.05% was also incubated with BV2 cells. As positive control, cells were treated
with LPS at 1 pg/mL. The cells were treated with CLA alone (A, C, and E) or CLA plus LPS (B, D, and F).
The cells were both pre-treated with FA - 1h before LPS - (FA/LPS) and pos-treated with FA - 3h after LPS —
(LPS/FA). ‘represents the comparison between control (CTR) and treatments and “represents the comparison
between LPS and treatments. Bars represent the mean = SD of three independent experiments. *p < 0.05, **p <
0.01, and ***p < 0.001; #p < 0.05, #p < 0.01, and **p < 0.001.

Source: the author.
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Figure 15 - Arginase activity was measured through urea formation catalyzed by enzyme in mice primary
microglia pre-treated with CLA
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Arginase activity was measured through urea formation catalyzed by enzyme in mice primary microglia pre-
treated with CLA. As control, vehicle at 0.05% was also incubated with the cells (CTR) (A) Arginase activity
levels inversely correlate with nitrite conversion in primary microglia treated with conjugated linoleic acid
(CLA) for 48h. CLA was added 1h before LPS (CLA/LPS). NO was measured as nitrite using Griess reagents in
culture supernatants. Additionally, for nitrite levels, cells treated with LPS at 1 pg/mL were used as positive
control (B). Spearman’s correlation coefficient and p-values are as indicated for p < 0.05 significance level.
Bars represent the mean = SE of three independent experiments. *p < 0.05; #p < 0.05, and #p < 0.01.

Source: the author.
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Figure 16 - Effects of CLA and LA on expression of inflammatory markers in LPS-stimulated N9 microglial cell

line for 30 min
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Effects of CLA and LA on expression of inflammatory markers in LPS-stimulated N9 microglial cell
line for 30 min. Representative immunoblots and protein analyses in cell lysates from N9 cells: IkBa-
cyclophilin ratio (A-B); NF-kBp-cyclophilin ratio (C-D); iNOS-cyclophilin ratio (E-F); IxBa, inhibitory
subunit of NF-kBa; NF-kBp, phospho-nuclear factor kappa B; iNOS, inducible nitric oxide synthase;

FA, fatty acid; CLA, conjugated linoleic acid; LA, linoleic acid.

‘represents the comparison between

control (CTR) and treatments and “represents the comparison between LPS and treatments. Bars
represent the mean + SE of three independent experiments. *p < 0.05, **p < 0.01, and ***p < 0.001; *p
< 0.05, #p < 0.01, and ##p < 0.001. The results in A-F are shown in relation to those obtained for the

control group, which was normalized to 1.

Source: the author.
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Figure 17 - Conjugated linoleic acid (CLA) is innocuous and prevents the LPS-induced neuron death
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Conjugated linoleic acid (CLA) is innocuous and prevents the LPS-induced neuron death. Cell viability to fatty
acids (FA) was assessed using MTT reduction assay (A-D). Primary cortical neuron were treated with FA for
24h. CLA or linoleic acid (LA) were incubated alone (A and C) or simultaneously with LPS (B and D). Co-
treatment with FA and LPS was performed. Neuron incubated with vehicle was used as control for neuron
treated with fatty acid alone (A and C), while neuron incubated with vehicle plus LPS was used as control for
cells treated simultaneously with FA and LPS (B and D). A-D show the percentage (%) of live cells compared
with medium alone (considered as 100% viability; not shown) and neuron incubated with 0.04% of Triton X-100
at 37 °C for 5 min was used as negative control of viability. Bars represent the mean + SD of three independent
experiments. *p < 0.05, **p < 0.01, and ***p < 0.001.

Source: the author.
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6 FINAL CONSIDERATIONS

This doctorate thesis is composed of two original manuscripts, which represents a
breakthrough of research field of elaboration of functional dairy product and evaluation of its
bioactive effect on neuron-inflammation. Together, the results obtained allowed to conclude
that previous selection of Lactococcus lactis ssp. cremoris MRS 47 strain by its ability to
produce CLA from LA in esterified way (sunflower oil) was a relevant step to increase the
CLA production from milk fat during fermentation. So, this screening is a clear advantage
over the majority of previous studies (ALKALIN et al.., 2007; EL-SALAM et al., 2010;
HERNANDEZ et al., 2007; XU et al., 2005).

The fermentation with the screened LAB strain also positively changed the fatty acids
profile, reducing total SFA and increasing PUFA and PUFA/SFA ratios in foodstuft. The A9-
DA ability increment by probiotic fermentation correlated with increase of CLA production
and contributed to improve the nutritional lipid quality, reducing the thrombogenicity index in
fermented milk. Regarding to functional effect of CLA-enriched milk previously
manufactured, CLA mitigated the microglial activation by LPS, reducing both the secretion of
NO and the levels of IL-1p pro-inflammatory cytokine and concurrently increasing IL-4 and
IL-10 anti-inflammatory cytokines by the primary microglia culture and N9 cell line. LA
showed similar suppressive effects on microglial activation in N9 cells. However, only CLA
had significant effect on arginase activity. The treatment with CLA completely prevented the
suppression of arginase activity by LPS in primary microglia, besides the arginase activity has
correlated with the NO levels both in primary microglia and N9 cells treated with CLA. This
suggested that CLA drove microglia from M1 (proinflammatory) to M2 (anti-inflammatory)
phenotype.

The microglia polarization was resultant, at least in part, of inhibition of NF-«xB
proinflammatory pathway as well as reduction of iNOS expression through increased
expression of [kBa inhibitor in LPS-activated microglia. The inhibitory effect on microglial
NF-kB and iNOS was specific-isomer, because LA did not present such effect when microglia
was activated. Evidences suggested PPARy as a relevant receptor for CLA action on
microglia and a lesser extent for LA. Co-treatment with CLA and LPS completely prevented
cortical neuronal death induced by the endotoxin, being this neuroprotection also isomer-
specific. Thus, CLA has potential as anti-inflammatory and neuroprotective candidates

against microglia-mediated neuroinflammatory disorders, in what seems to have isomer-



121

specific particularities. This is the first report in the literature demonstrating the beneficial

effect of CLA on microglia-mediated neuroinflammatory disease model.
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Abstract: Meurcinflammatory processes influence most neurclogical disorders, including
Alzheimer disease and Parkinon’s disease. During their progression, microglia becomes
neurotoxic through the production of nitric oxide (NO) and proinflammatory cytokines.
Currently, pharmacclogical treatments fail to halt the progression of brain disorders and
immunoactive treatments has been seen as promising. Conjugated linoleic acid (CLA) is a
mixture of geometric and positional isomers of linoleic acid. Animal and human studies with
CLA-rich diets have shown CLA as potent anti-inflammatory candidate. However, there are few
reports on the CLA effect in central nervous system. This study investigated the anti-
neurcinflammatory and neuroprotective effects of CLA in microglial cells activated by LPS (1
ug/mL). Cell viability was evaluated by MTT reduction, flow cytometry and live/dead assays. The
MO secretion was measured by HPLC and Griess diazotization methods. Cytokines
guantifications were determined using sandwich ELISA kits. Arginase activity was measured by
spectrophotometric method. CLA (60 pM) reduced production of proinflammatory cytokine IL-
1B, and at 100 pM increased the secretion of immunosuppressive cytokines IL-4 and 1L-10. CLA
had no effect to the levels of NO in BY2 cell-line. However, CLA at 100 pM reduced NO release
(up to 26.72%) in n9 cell-line. For primary microglia, effects of MO reduction by CLA were more
dramatic, with levels reduced (up to 53.65%) similar to control levels in all CLA concentrations
tested. Treatments with CLA showed significant correlation between arginase activity and NO
levels both for BV2 (r= -0.820; p=0.008) as for n9 (r= -0.717; p=0.037). This indicates that CLA
primes microglia to drive into a M2 phenotype (neuroprotection). Consistently, co-treatment
with CLA and LPS completely prevented neuronal death induced by the endotoxin: CLA increased
neuron viability from 53.31% (LP5- induced neurcn death) to 100.91%. Altogether, these results
suggest that CLA has potential as anti-inflammatory and neuroprotective agents against
microglia-mediated neuroinflammatory disorders.
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