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ABSTRACT

The aim of this article was to evaluate the in vimechanism of action through which ractopamine ceduthe
amount of adipose tissue in carcass of animalsifets supplemented with this drug. Literature sharas carried

out, using the keywords Ractopamine, lipogenagpislykis, fatty acid and adipose tissue. The sgpspstem was
designed for the adequacy of the methodology. # tdteight papers were found — all published ie tanglish

language. The determination of lipolysis and lipoggis was carried out using different methods -mfrine

quantification of non-esterified fatty acids in thi®od to molecular analyses of adipose tissue.réhiew analysis
suggested that, at least in the pigs, the useisfdiug reduced lipid deposition in the carcass doe greater

inhibition of lipogenesis than an increase in lipsk.
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INTRODUCTION Gonzales et al. 2010). BAAs act through specific
metabolic pathways, especially in the metabolism
In the global context of the increase in humaref proteins, lipids and carbohydrates, redirecting
populations and the demand for food as well as theutrients from the diet to metabolic pathways that
scarcity of large areas for livestock farming andavor protein synthesis over the deposition ofrfat
the need to preserve environmental resourcdbe carcass (Gunawan et al. 2007; Carr et al.
(Hejnfelt and Angelidaki 2009; Petersen 2010), th&009).
use of substances that increase the efficiency éf reduction in the deposition of adipose tissue in
animal production and the use of dietary nutrientthe carcass of pigs fed the diets containing
may be viable alternatives for the modern worldactopamine has been reported by many authors
(Ferreira et al. 2011). Thf-adrenergic agonist (Uttaro et al. 1993; See et al. 2004; Mimbs et al.
(BAA) pharmaceutical class has been widely used005). Apparently, this effect occurs through two
for the modification of carcass in some species ohetabolic pathways: reduction in lipogenesis
animals in different countries. Among this class ofind/or increase in lipolysis. Analyzing the
drugs, ractopamine is a synthefleagonist with adipocytes isolated from pigs fed the diets
proven efficiency in the production of meat with acontaining ractopamine, Liu et al. (1989)
lower fat content and greater utilization ofdetermined the lipolytic rate of these cells thiloug
nutrients from the diets (Mitchell et al. 2009;the formation of glycerol and found that the
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reduction in adipose tissue in the carcass occurrettid, Ractopamineand lipolysis and fatty acid
through an increase in lipolysis. On the other handidditional papers and texts addressing the use of
Mills and Liu (1990) and Peterla and Scanesactopamine and its effects on the metabolism of
(1990) worked with swine adipocytes vitro  adipose tissue were also cited and used in when
measuring the rate of lipogenesis through thappropriate.
incorporation of glucose labeled with carbon 14 iriThe present review was relatednovivo trials that
fatty acids and found that a reduction inevaluated the activity of ractopamine as a
lipogenesis was the key reaction in this procesgromoter of a reduction in the fat content in the
Moreover, adipocytes isolated from Spragueearcass of any species of animal. Scientific papers
Dawley rats stimulated by ractopamine have beetihat employed any method for the quantification of
found to exhibit both an increase in lipolysis andipolysis and/or lipogenesis were selected. The
efficient inhibition of lipogenesis with equal search was limited to scientific papers published i
potency (Hausmann et al. 1989). Kim et al. (2010peer-reviewed journals indexed in the
studied the effects of clenbuterol, which was aforementioned databases, with no limitations
similar BAA, using a triglyceride cytoplasmic regarding the year and date of publication. No
marker and found a discreet reduction irrestrictions were made with regard to the language
lipogenesis, but an accentuated increase im which the paper was published, provided that
lipolysis. the Abstract was available in English.
Considering the lack of consensus in the literatur&€he definition of papers for inclusion was
regarding the mechanisms responsible for thperformed during a consensus meeting among the
effects of ractopamine on the metabolism of lipidsfesearchers, taking into consideration the stedisti
a systematic review was considered as necessatgsign, quality of the methodology, and types of
for the selection of studies with a high level ofanalysis and quantification of the results. Theadat
scientific evidence for the clarification of this were displayed in the tables and compared based
impasse. The understanding of the events ain the criteria described below.
lipolysis and/or lipogenesis stemming fromThe randomization parameters (random allocation
supplementation with ractopamine could help irof each animal to a particular treatment), blind
determining the correct balance of feed ingredientsvaluation (evaluator unaware of the substance
for the optimization of the effects of provided to the animal or to which treatment each
supplementation. animal was submitted) and use of a control group
The aim of the present review was to evaluate theere classified based on the following scale:
mechanism of action through which ractopaminedequate (2), unclear (1) and inadequate (0). The
reduced the amount of adipose tissue deposited sample sizen) criterion was established based on
the carcass of animals, which were fed with thé¢he number of animals employed for the
diets supplemented with this additive. measurement of the variable studied, using the
following scale: more than 20 animals (3), from 11
to 20 animals (2) and 0 to 10 animals (1).
MATERIALS AND METHODS For each study analyzed, the quality of the method
employed for the determination of lipolysis and
Electronic searches were carried out in Novembdipogenesis was assessed with regard to whether
2010 in the PubMed the study only quantified one of these variables
(http://www.ncbi.nim.nih.gov/pubmed),  Scopus(score: 1) or both variables (score: 2). The asicl
(http://www.scopus.com), ISI Web of Sciencewere also classified with regard to the type of
(http://apps.isiknowledge.com) and Science Direcevaluation. Studies that employed molecular tests,
(http://www.sciencedirect.com) databases, usinguch as ELISA, RIA, chromatography or enzyme
the following keywordsRactopamine, lipogenesis, activity for the identification and quantificatiaf
lipolysis, fatty acid and adipose tissue. The wordgenes, messenger RNA and the expression of
Ractopaminewas combined one-to-one with all proteins related to lipolysis/lipogenesis receized
other terms, accompanied by the article @imel score of 2, whereas those that simply performed
following combinations were also used:exclusive serum analyses of non-esterified fatty
Ractopamine and lipogenesis and lipolysis acids (NEFA) or other plasma analyses received a
Ractopamineand lipogenesisand lipolysis and score of 1. Thus, the maximal score a study could
fatty acid Ractopaminend lipogenesisand fatty receive was 13 points.
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RESULTS keywords. The search of the Science Direct
database yielded five articles that had been found
The search in the PubMed database yielded 88 previous searches. A total of eight papers were
articles, three of which were selected for theselected based on the eligibility criteria. Table 2
review (Table 1). The Scopus database yielded 98splays a summary of the methodology of the
articles, only seven of which were selected for thetudies and the main results obtained. Table 3
review. However, three had been selected in th@isplays the scores of the studies based on the
previous search. The search of the ISI Web dfroposed assessment methodology. Among the
Science database yielded 97 articles, but only orgight papers selected, six (75%) involved pigs as
additional study was selected for the review. Théhe experimental model, one involved fish and one
total number of articles selected for the review aninvolved mice Six studies were carried out with 20
displayed was higher than the total number ofr more animals while only eight animals were
articles reviewed due to the fact that the samegsed on two other studies
articles appeared in the searches with different

Table 1 - Detailed results of search for each keyword.

R and LG
Rand Rand Rand LG R ancR and LGR and LFP R and
Databases Search LG Lp andLP EA  and FA and FA andFI_'L3 and AT TotaP
Nur_nber of papers 5 10 5 14 4 6 4 a1 89
retrieved
PubMed 'apersselected o, 0 0 0 0 0 13
for review
Found in previous 0 0 0 0 0 0 0 0
search
Number of papers 6 12 5 16 4 7 4 41 95
retrieved
Scopus ]Ic:’apers selected 1 2 0 0 0 1 0 3 7
or review
Found in previous 0 1 0 0 0 1 0 ) 4
search
Number of papers 9 11 7 16 5 4 4 a1 97
retrieved
ISI Web  Papers selected 4 4 2 2 1 1 0 1 15
of Science for review
Found in previous 3 4 2 1 1 1 0 1 13
search
Number of papers 0 1 0 1 0 1 0 2 5
retrieved
S(_:lence Paper; selected 0 1 0 1 0 1 0 2 5
Direct for review
Found in previous 0 1 0 1 0 1 0 2 5
search
Overall 8 papers
Total Pap

R = Ractopamine; LG = Lipogenesis; LP = Lipolysis; £A&atty acid; AT = Adipose tissue
 Total number of articles selected for review mayldrger than the total number of articles usedtdube fact that the same
article appeared in searches with different keyword
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Table 2 - Results of papers selectéd Yivo studies on effect of ractopamine at promotingllipis or lipogenesis).

Dunshea

Mills and King Liuetal. Dunsheaand Dunshea Vandenberg Page et al. Reiter
et al. 1990 1994 1994 King 1995 etal. 1998 et al. 1998 2004 et al. 2007
Species Swine Swine Swine Swine Swine Fish Mice Swine
Sample n 24 8 20 8 20 40 40 20
Ractopamie 0 and 20 0 and 0 and 20 0 and 20 0 and 20 0,5, 10, 20 and 200 and 0 and 20
dose ppm 20 ppm ppm ppm ppm 40 ppm 800 ppm ppm
a(ljjmuirr?its“t)rrjat(i)(];n Unclear 24 days L %ZSS 24 24 days 24 days 12 weeks 21 days 52 days
Determination
of LG, LP or LG LP LG LP LG LP LP Both
both
Activity of
ACC and Assay of Expression o
malic apoptosis in genes related
enzyme, Infusion and adipose tissue  with
Method of Activity i Extraction  concentrati incorporation through anabolism
determination  of FAS 4 and on of of [U-*C]  Concentration of analysis of (FAS,
of LGLP  andmalic - determination  piasma  glucose in NEFAs. DNA GLUT-4,
in vivo enzyme of MRNA NEFAs. adipose fragments SREBP-1)
concentration tissue. characteristic and lipid
in ACC, of occurrence catabolism
GLUT-1 and of apoptosis. (CPT-1).
GLUT-4.
Ractopamine Increase in
did not affect DNA Ractopamine
activity of Increase in plasmq ragmentatior reduced
Reduction Did not ACC or malic concentrations of in tissues concentration
in activity alter enzyme; Ractopamine Ractopamine NEFAS after 4 (epididymis of MRNA in
Main results of malic plasma concentration did not aﬁgct did not affect weeks with doses Jparametrial) FAS, GLUT-
enzyme concent of mMRNA concentrations LG of 5, 10 and 20 of animals 4, SREBP-1;
with use of ration of were of NEFAs. ’ ppm and after 8 having did not alter
ractopamine NEFAs unaltered in weeks with dose received 800concentration
ACC, of 20 ppm. ppm of of MRNA in
GLUT-1 and ractopamine CPT-1.
GLUT-4. )

LG = lipogenesis, LP = lipolysis, FAS = fatty adynthetase, NEFA = non-esterified fatty acid, SREBP Sterol regulatory element-binding
protein 1, CPT -1 = Carnitine palmitoyltransferds ACC = Acetyl-CoA carboxylase

Table 3- Scores achieved by each article according tetiteria evaluated.

Evaluation Mills et Dunshea and Liuetal. Dunsheaand Dunsheaet Vandenberg Page et Reiter et
criteria al. 1990 King 1994 1994 King 1995 al. 1998 etal. 1998 al. 2003 al. 2007
Randomization 2 2 1 2 1 2 1 2
Blind evaluation 1 1 1 1 1 1 1 1
Control group 2 2 2 2 2 2 2 2
Sample size 3 1 2 1 2 3 3 2
Determination of
LG, LP or both 1 1 1 1 1 1 1 2
Type of evaluation
LG/LP in vivo 2 1 2 1 2 1 2 2
Total 11 8 9 8 9 10 10 11

LG = lipogenesis; LP = lipolysis

The doses of ractopamine administered to th&he ractopamine administration period varied
animals were predominantly from 0 to 20 ppmbetween studies. Four studies (50%) analyzed a
Comparing to other species, Vandenberg et aperiod of 24 days. Mills et al. (1990) did not
(1998) analyzed doses of 0, 5, 10, 20 and 40 ppanalyze a particular period of time, but rather the
in the rainbow trout and Page et al. (2004pdministration of ractopamine at the final 41 kg
analyzed high doses of 200 and 800 ppm in mice.(pre-slaughter), beginning with 59 kg, and
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therefore the administration period was classifietnice having received 800 ppm of ractopamine in
as unclear. Vandenberg et al. (1998) and Reiter #ie diet.

al. (2007) worked with longer administration

periods — 12 weeks (84 days) and 52 days,

respectively. DISCUSSION
Regarding the determination of the occurrence of

lipolysis or lipogenesis, four papers onlyThe present review employed explicit methods to
determined the occurrence of lipolysis or lackcarry out a detailed bibliographic study and
thereof, three papers determined the occurrence gfiowed a clearer visualization of the results. The
lipogenesis and only one paper determined botfecision was made to use four international
effects. For the determination of the occurrence afatabases of considerable scientific importance in
lipolysis, lipogenesis or both variables, differentorder to ensure the broad scope of the search. It
methodologies were employed, ranging fronshould be pointed out that the ISI Web of Science
plasma analyses of NEFAs or adipose tissufas the only database that yielded all the papers
assessment techniques, such as enzyme activi¥lected for the review due to the fact that its

and molecular tests, such as Dot-Blotcontent encompassed the articles in both the fields
hybridization, PCR and Northern BlOttlng for theof biomedicine and livestock farming_

analysis of RNA/DNA and genes related to thesqhe criteria used for the construction of this

occurrences. None of the studies selected for thigview were defined with the aim of assessing the
systematic review specified whether blindedeffects of the administration of ractopamine on
evaluations were performed. lipogenesis and/or lipolysis as well as the
Among the three studies that only quantifiednethodological quality of the studies selected. The
lipogenesis, two (Liu et al. 1994; Mills et al. T9  |imitations of the study should be addressed. Some
carried out the trials to determine enzyme activityof the articles published on this subject were not
In the first, the authors tested FAS and maligetrieved due to the fact that the title did not
enzyme. In the second, the authors tested ACC al@@ntain the descriptors emp|oyed or the keywords
malic enzyme and quantified the expression ofndexed. However, the authors made considerable
MRNA of ACC, Glut-1 and Glut-4. Mills et al. effort to avoid the exclusion of any article foisth
(1990) reported a reduction in the malic enzymgeview. It should also be mentioned that the
activity, whereas Liu et al. (1994) did not observesriteria regarding the methodological quality of th
this effect. Liu et al. (1994) found no alterations assessment were defined based on the experience
the concentrations of MRNA of ACC or GLUT-1 of the authors and were therefore not definitive. |
and GLUT-4. Dunshea et al. (1998) found nowas believed that molecular and enzyme activity
effect of ractopamine on lipogenesis. Reiter et ahnalyses were more reliable when associated to
(2007) quantified the expression of mMRNA in bothphenotype observations than the serum analyses,
lipolytic and lipogenic enzymes and found awhich could be influenced by other variables, such
reduction in the concentration of mMRNA in thegas feeding time prior to collection or stress dgrin
enzymes related to lipogenesis (FAS and SREBRhe vein perforation. Molecular analyses provide a
1) as well as the glucose transporter GLUT-4 imroader view of the action mechanism due to the
adipocytes. quantification of both gene expression and
Four studies only quantified lipolysis. Three ofproducts (MRNA and proteins).

these analyzed this variable through the=or the present review, all the studies found based
quantification of NEFAs. One work (Page et al.on the search with the keywords were used and no
2004) quantified the presence of DNA fragmentsestrictions were placed with regard to the species
related to the occurrence of apoptosis and wasie to the small number of articles analyzing the
therefore classified as having determined lipolysiseffect of ractopamine in viva. Therefore,
Vandenberg et al. (1998) provided ractopamine ifegardless of species, the determination of the
different doses to SpeCimenS of trout for 12 Weekgccurrence of ||po|ys|3 or |ipogene5';'r5 Vvivo as a
and found an increase in the serum levels afonsequence of the administration of ractopamine
NEFAs after four weeks when using 5, 10 and 2Qvas of fundamental importance, as a large number
ppm and after eight weeks when using 20 ppnbf studies employeth vitro tests (Liu et al. 1989;

Page et al. (2004) detected an increase in DNAeterla et al. 1990; Dunshea et al. 1993; Mills et
fragments related to the apoptosis of adipocytes in
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al. 2003a). Such studies were valid from theexpected. In the 1980s, a number of authors
scientific standpoint for demonstrating a biologicabelieved that BAAs had the property of
event, but could not be directly extrapolated to atimulating the lipolysis in adipose tissue,
complex organism due to the large number ofatalyzed by the hormone-sensitive lipase and
interactions with other metabolic pathwaysreleasing free fatty acids into the blood stream
(Lépez-Carlos et al. 2011). Mersmann andBaker et al. 1984; Jones et al. 1985; Ricks et al.
Shparber (1993) found isolated adipocytes to b&984). However, the present review found that the
smaller than in vivo adipocytes, but the authors who worked with the determination of
quantification of lipolysis was similar. Thus, teer lipolysis in the pigs through the quantification of
were innumerous exceptions to this rule. serum NEFAs did not find any increase in these
One of the effects of the administration ofelements (Dunshea and King 1994; Dunshea and
ractopamine is a reduction in the deposition of faKing, 1995), thereby indicating that lipolysis
in the carcass (Carr et al. 2009). The efficienty omight not be the preponderant factor in the
ractopamine regarding the reduction in adiposeeduction in the amount of adipose tissue
tissue may be more related to the activity of thisleposited in the carcass of pigs. On the other,hand
substance in blocking lipogenesis than stimulatinyandenberg et al. (1998) reported an increase in
lipolysis (Mills et al. 2003b). In the pigs, thisAB.  serum concentrations of NEFAs in the rainbow
has been found to reduce the sensitivity ofrout. The authors observed that the effect of
adipocytes to insulin, thereby proving capable oflesensitization of p-adrenergic receptors was
inhibiting lipogenesis (Liu and Mills 1990; Mills retarded in the fish. The lipolytic effect was less
2002; Mills et al. 1990). than expected, but, according to the authors,
The anti-lipogenic effect of ractopamine wasjuvenile specimens of the trout were relatively
reported in two studies selected for this reviewinsensitive to the effect of the acute stimulatidén
both of which involved the pigs, whereas anothelipolysis by ractopamine.

two studies did not observe this effect. Mills bt a Page et al. (2004) reported an increase in the
(1990) reported a reduction in the activity of roali occurrence of apoptosis of adipocytes in mice fed
enzyme, which is an important lipogenic enzymeawith a diet supplemented with 800 ppm of
that catalyzes the oxidative decarboxylation ofactopamine. This could have been due to the
malate into pyruvate. Reiter et al. (2007) reportedose, which was much higher than that used in
a reduction in the gene expression of fatty acidther species. Dunshea and King (1995) suggested
synthase (FAS) — the main enzyme related to thihat ractopamine at doses of 0 and 20 ppm did not
synthesis of fatty acids and, consequentlystimulate fat mobilization or lipolysis in the pigs
lipogenesis — in SREBP-1, which is a transcriptioror, if it occurred, the effect disappeared aftee¢h
factor for lipogenic enzymes and cholesterol esterdays.

(Shimano et al. 1999), as well as a reduction én thThis disagreement in results between the species
expression of the glucose transporter GLUT-4¢ould be due to the different expression fof
which impedes excess glucose from being captui@renergic receptors. McNell and Mersmann
by adipocytes, allowing it to be redirected for(1999) found three subtypes d-adrenergic
protein synthesis in the muscles. Liu et al. (1994)eceptors in the white adipose tissue of the pigs.
assessed the activity and expression of mRNA ifhe authors quantified the production of mRNA
ACC and found no alterations, which could befor these three receptor subtypes and found that
specifically related to the enzyme quantified, a§3% were subtyp@,;, 20% were subtyp@, and
other authors assessed other key enzymes in thely 7% were subtyp@s. It was also found that
lipogenesis process that were negatively affecteithere was 32% higher concentratiorefeceptors

by ractopamine, such as FAS (Reiter et al. 2007).over B, in the adipose tissue in rats, unlike what
In vitro studies with the pigs also demonstratedvas found in the pigs. This different distributioh
that BAAs stimulated the production of cyclic receptors could explain the observation by Liu et
adenosine  monophosphate, which activateal. (1989) that the effects of ractopamine on
kinases, which, in turn, phosphorylate and activatadipocytes were more accentuated in the rats than
the regulating enzyme of lipolysis — hormone-pigs. Likewise, Hollenga and Zaagsma (1989)
sensitive lipase (Coutinho et al. 1989; Mills et alreported thaf; receptors were predominant in the
2003b; Moody et al. 2000; Spurlock et al. 1993)rodents and measured the majority of lipolytic
Thus, an increase in NEFAs in the blood would beffects in the species. Mills et al. (2003b) repdrt
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that previous studies suggest that ractopamiremong the databases searched in the present
likely had greater affinity fo3, receptors, which review for the articles related to the use of
were not linked to a lipolytic response. Howeveryactopamine as a carcass modifier additive. The
this receptor acted on the lipolytic metabolismipogenesis/lipolysis relationship caused by the
pathway in the pigs and that ractopamine coulAAs, especially ractopamine, is influenced by
activate this pathway in some cases. Nonetheledbe subtypes of receptors among different species.
due to the fact that it was present in greateln the pigs, which was the main study model found
quantity, it is possible that th& receptor is the in the literature, there was evidence that
preferential target of BAAs in pigs. Indeed, stgdie ractopamine reduced the amount of lipids in the
have demonstrated that ractopamine-inducedarcass through a greater inhibition of lipogenesis
lipolysis occurs little in swine adipocytes. than an increase in lipolysis. Further studies
Besides the issue of the distribution receptors, ashould be carried out involving other species of
event that may also be questioned is the dowrommercial interest in order to gain a better
regulation of receptors (Liu et al. 1994; Millssdt understanding of the action mechanism of these
1990), which is directly linked to the dose of thesubstances.

activator used. Spurlock et al. (1994) found that

ractopamine reduced the density fpadrenergic
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