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has recently been revealed, such as exposure to endocrine 
disrupting chemicals (EDC) during early life ( 1, 2 ). Obe-
sogens are a special class of EDCs that target adipose tissue 
formation and the lipid metabolism ( 2 ). 

 Overweight and obesity are characterized by overrepre-
sentation of white adipose tissue (WAT). Several studies 
have investigated xenobiotic molecules able to modulate 
adipogenesis and the adipocyte lipid metabolism. Some 
obesity-causing chemicals are hypothesized to act as per-
oxisome proliferator-activated receptor- �  (PPAR � ) ago-
nists or estrogen receptor- �  antagonists ( 2 ). In addition to 
rodent assays, most of these studies used cell models and 
focused mainly on adipocyte differentiation ( 3 ). The 
 Caenorhabditis elegans  nematode was recently used as a 
whole organism to screen for molecules able to regulate 
fat storage ( 4 ). However, one limitation of this nonverte-
brate model is that the major fat storage compartment is 
the intestine. Evidence supporting the action mechanism 
of obesity-causing chemicals is under active investigation, 
but there is not, as yet, any convenient in vivo method for 
screening the obesogenic and anti-obesogenic molecules 
that target vertebrate WAT. 

 Zebrafi sh, a model organism of vertebrate development 
and organogenesis, is receiving increasing attention as a 
model for human diseases, drug discovery, and toxicology 
studies. Thus, zebrafi sh are increasingly used in drug-
screening assays as an intermediate step after cell-based 
evaluation to prioritize drug candidates for conventional 
animal testing, thus reducing the number and cost of 
mammalian studies ( 5 ). Semitransparent zebrafi sh larvae 
offer a unique opportunity to study the effects of mole-
cules on adipocyte biology and whole-organism adiposity 
in live vertebrates, as data on WAT development are now 
available for this species ( 6, 7 ). WAT is not found in em-
bryos and early larvae ( 6, 7 ), although these stages are sen-
sitive to fat metabolism effectors ( 8 ). An obesity syndrome 
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storage in white adipocytes. Due to the increasing preva-
lence of obesity all over the world, research into this issue 
has become one of the main public health priorities. Food 
quality and quantity is probably the main cause of obesity; 
however, increasing evidence for environmental factors 
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possible to detect differences in feeding rates between SD and 
HFD fi sh, and large amounts of food were detectable in the lu-
men of the intestine under the microscope, irrespective of the 
nutrient used. Total fat content by weight of SD and HFD was 
10% and 55%, respectively. The starvation period started on the 
second day and initial adiposity was measured at the end of the 
second day using Nile Red (NR) staining and fl uorescence mi-
croscopy or triacylglycerol content (see below). Each group of 
animals consisted of 10 larvae of similar size and initial adiposity. 
They were incubated individually in glass containers containing 
25 ml medium and remained in the fasting state under static con-
ditions during exposure to selected compounds or vehicle alone 
(0.1% DMSO) for one additional day. No mortality was observed 
at the concentrations used in either control or 24 h exposed ani-
mals. Final adiposity in exposed and control animals was re-
corded after 24 h using NR staining and fl uorescence microscopy. 
Apart from changes in adiposity levels, there was no apparent 
qualitative behavioral or morphological phenotype associated 
with these dietary and pharmacological treatments. 

 Nile Red staining 
 A 500 µg/ml stock NR (N3013) (Sigma-Aldrich) solution was 

prepared in acetone. Just before use, the working solution was 
obtained by 1/100 dilution of the stock solution in fi sh water. 
Live fi sh were then exposed to NR working solution in the dark 
for 30 min at 28°C. Under these conditions, adipocyte NR stain-
ing was saturated, as the intensity of the fl uorescent signal did 
not increase after longer exposure. The fi sh were then rinsed 
twice with fi sh water for 5 min, anesthetized in 2-phenoxyethanol 
(P1126) (Sigma-Aldrich) diluted 1/2000 in fi sh water for 5 min, 
and observed under a fl uorescence microscope. NR staining was 
performed twice, once before the one-day exposure period, to 
measure initial adiposity, and again afterwards, to measure fi nal 
adiposity. The initial staining dissipated to background levels be-
fore the second staining (data not shown). 

 Quantitative analysis of whole-mount fl uorescence signals 
 Image acquisition quality is a critical point for further analyses, 

and the presence of food inside the intestinal lumen may inter-
fere by quenching signals from NR-labeled perivisceral WAT. As 
24 h starvation is suffi cient to empty the zebrafi sh larva digestive 
tract, all fi sh processed for image analyses were starved for that 
period prior to NR staining. Differential interference contrast 
and fl uorescence images were obtained on anesthetized larvae 
using a Nikon Eclipse E1000 (Nikon, Champigny sur Marne, 
France) microscope fi tted with Nomarski optics and a Nikon 
Intensilight C-HGFI unit. Larvae were imaged in water and re-
turned to the medium within approximately 1.5 min. A TRITC 
fi lter (EX 540/25, BA 605/55) was used for differential interfer-
ence contrast and fl uorescence image superposition (  Fig. 2A  ) 

may be induced at adult stages by genetic and dietary fac-
tors ( 9, 10 ). 

 We describe a simple, rapid zebrafi sh larva bioassay, the 
zebrafi sh obesogenic (ZO) test, for in vivo assessment of 
the potential impact of diet composition, chemical pollut-
ants, and drugs on white adipocyte lipid droplet size and 
adiposity. 

 METHODS 

 Animals 
 All zebrafi sh experiments were conducted in conformity with 

the Public Health Service Policy on Humane Care and Use of 
Laboratory Animals using protocols approved by the Institutional 
Animal Care and Use Committee of the Université Bordeaux 1 
(UFR Biologie). Wild-type adult zebrafi sh ( Danio rerio ) were ini-
tially purchased from a commercial source (Exomarc, Lormont, 
France). In some cases, the transparent  casper  line was used ( 11 ). 
Embryos and larvae were obtained by natural mating and raised 
in embryo water (90 µg/ml Instant Ocean [Aquarium Systems, 
Sarrebourg, France], 0.58 mM CaSO 4 , 2H 2 O, dissolved in reverse-
osmosis purifi ed water) at 28.5°C with an 11L:13D photoperiod. 
Animal stages were recorded according to standard length (SL), 
i.e., the distance from the rostral tip of the larva to the base of the 
caudal fi n. From fi ve days postfertilization until they were used in 
the ZO test, larvae were maintained in static 5 l tanks at a density 
of around 30 larvae per liter and fed ad libitum with a commer-
cial formulated food adapted for zebrafi sh larvae (ZF Biolabs, 
Tres Cantos, Spain). 

 Chemicals and larva treatment 
 Rosiglitazone (71740) and T0070907 (10026) were purchased 

from SPI-BIO (Montigny le Bretonneux, France). Phenylephrine 
(P6126) and tributyltin chloride (TBT) (T50202) were from 
Sigma-Aldrich (St. Louis, MO). 1000× stock solutions of 1 mM 
rosiglitazone, 10 mM T0070907, and 0.05 mM TBT were pre-
pared in DMSO on the day of the experiment. A 20 mM stock 
solution of phenylephrine was prepared in purifi ed water. The 
three-day animal treatment protocol included adiposity record-
ings before and after chemical treatment (  Fig. 1  ).  Larvae with an 
SL between 7.5 and 9 mm were selected for enrollment in the 
ZO test and incubated individually in glass containers containing 
25 ml water. There was no signifi cant variation in SL during the 
three-day experimental period. The fi rst day of the protocol was 
devoted to ad libitum feeding with a standard diet (SD) for late 
larvae (TetraMin Baby, Tetra GmbH, Melle, Germany) or hard-
boiled chicken egg yolk as a high-fat diet (HFD), with food re-
maining inside the container at the end of the period. It was not 

  Fig.   1.  Diagram of the ZO test protocol used to prepare larva exposure and measure adiposity. Zebrafi sh 
larvae were nourished with SD during their growth and then divided into two groups. The fi rst one received 
SD for one day and the second HFD for one day. This was followed by a one-day starvation for both groups. 
Larvae were then exposed to the selected compounds or to vehicle alone for one additional day in a fasting 
state. Whole-body adiposity was measured, using Nile Red staining and fl uorescence signal quantifi cation, 
before and after exposure to the compounds. Evaluations were carried out on control animals at the same 
times.   
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including individual adipocytes, were transferred to the sub-
tracted image, and fi nally, the API of the selected areas was calcu-
lated (see ref.  12  for more details). Signal area and intensity were 
measured and expressed in arbitrary units. FocalCheck TM  fl uo-
rescence microscope test slide 1 (Invitrogen) was used to evalu-
ate microscope excitation-source stability by plotting the area 
and signal intensity of the beads over time. Periodic imaging of 
microbeads using the same acquisition parameters did not reveal 
any differences ( P  > 0.05) over at least a two-day period, demon-
strating the stability of the excitation source (ref.  12 , data not 
shown). The analytical precision of the quantifi cation method 
was determined from blind duplicate pairs of NR fl uorescence 
signal areas and was defi ned as the mean absolute difference be-
tween duplicates divided by the mean of the duplicates times 100. 
The precision value was 0.49%. 

 Triacylglycerol assay 
 The area and intensity of NR fl uorescence signals were re-

corded for each larva and were then processed to assay the whole-
body triacylglycerol content using a previously described protocol 
( 13 ) with modifi cations. Animals were starved for 24 h before NR 
staining and euthanasia to avoid any contamination from food 
triacylglycerols in the digestive tract. Glass tubes were used 
throughout triacylglycerol extraction. Briefl y, whole animals 

 and an HQ-FITC-BP fi lter (Ex 460-500, BA 510-560) for fl uores-
cence quantifi cation ( Fig. 2B ). Images were acquired with a 
Nikon DXM1200 camera and LUCIA G software (version 4.81) 
and saved in high-resolution (3,840 × 3,005 pixels) tagged image 
fi le format (TIFF). All image series for quantifi cation were ob-
tained at the same settings. Quantitative analysis of NR fl uores-
cence signals was performed using free-processing ImageJ 
software (National Institutes of Health, http://rsb.info.nih.gov/
ij/), according to the protocol previously described ( 12 ). Three 
images (head, trunk, and tail) were recorded per larva at the 
magnifi cation used. The images were combined to produce an 
overall view of the larva for fl uorescence quantitation ( Fig. 2B ). 
Background fl uorescence was estimated by analyzing average 
pixel intensity (API) values in image areas that did not contain 
any WAT, i.e., the background threshold, and this background 
was calculated individually for each image. To calculate the back-
ground levels, the images were fi rst converted to 8-bit grayscales, 
inverted, and thresholded. WAT and individual adipocytes were 
then selected using the “wand tool” function of the computer 
program. Selected areas were transferred to the original three-
channel image   (red, green, and blue), the inverse selection was 
created, and the API for the background was calculated. This 
background threshold was then removed by subtracting the back-
ground API from each pixel in the image. Selected WAT areas, 

  Fig.   2.  In vivo quantitative assessment of WAT in zebrafi sh larvae. A: Lateral view under a fl uorescence 
microscope after NR staining, using a TRITC fi lter. Anterior part to the right and dorsal part to the top. SL 
of the larva was 8.2 mm. B: Lateral view of the same animal under an HQ-FITC-BP fi lter with adipocytes 
stained green. C: Relationship between WAT fl uorescence area after NR staining and larva SL. D: Relation-
ship between triacylglycerol content per larva and larva SL. A total of 88 larvae were selected, with a broad 
distribution of SL, from 5 to 13 mm. Larvae, on a SD background, were starved for one day before sampling. 
Scale bar, 1 mm. ai, anterior intestine; e, eye; pf, pectoral fi n.   
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were homogenized mechanically in 400 µl homogenizing buffer 
(PBS, pH 7.4, containing 10 mM EDTA). Homogenates were 
transferred to tubes containing 2 ml isopropanol:hexane (4:1) 
solution. After shaking, samples were left in the dark for 30 min. 
Hexane:dietheylether (500 µl,1:1) solution was then added. Sam-
ples were mixed and left in the dark for 10 min. One milliliter 
water was then added, samples were mixed and left standing until 
the two phases separated (20 to 30 min). Eight hundred microli-
ters of the supernatant were transferred to new tubes and pro-
cessed until complete evaporation. Two hundred and fi fty 
microliters of colorimetric reagent were added per tube, and the 
triacylglycerol content was evaluated by microassay, using a com-
mercially available kit (Biolabo S.A., Maizy, France). In parallel, a 
standard curve was plotted using 0, 10, 20, 30, 40, and 50 µg trio-
lein in 400 µl homogenizing buffer. Added triolein was extracted, 
processed, and treated identically to the other samples. The re-
action was allowed to develop at 37°C for 1.5 h, with shaking at 
220 rpm. Only samples within the standard curve were taken into 
account for data analysis. 

 Statistics 
 All statistical analyses were conducted using SPSS 17.0 micro-

computer software (SPSS, Chicago, IL). At least three indepen-
dent experiments were performed per condition with 10 larvae 
per group. To offset the variability among independent experi-
ments in terms of the decrease in adiposity in control groups af-
ter a one-day starvation period and to have a view of negative or 
positive quantitative variations from initial adiposities, values pre-
sented in graphs are mean ± SEM of representative experiments. 
This procedure did not preclude   highly reproducible absolute 
differences in adiposity between control and chemically treated 
groups in independent similar experiments. Normality of the dis-
tribution was assessed using the Shapiro-Wilk test (0.01% risk). 
Levene’s test was used to verify the equality of variances. In ex-
periments comparing a control and a chemically treated group 
with animals that received the same background diet, the statisti-
cal signifi cance of difference in mean values was determined by 
Student’s  t -test. In experiments combining PPAR �  agonist and 
antagonist and their controls, the statistical signifi cance was de-
termined by single-factor ANOVA followed by the post hoc Dun-
nett’s test. A  P  value of 0.05 or less was considered signifi cant. In 
the experiment combining rosiglitazone or TBT treatment with 
HFD, we used the univariate general linear model to check the 
individual effect of each factor and to determine whether there 
was any interaction between factors. 

 RESULTS AND DISCUSSION 

 The fi rst step was to perform in vivo staining of zebrafi sh 
adipocytes with vital NR using a rigorous feeding proto-
col ( Fig. 1 ). As previously described, NR was found to be 
a selective fl uorescent vital dye for adipocyte intracellu-
lar lipid droplets ( 6, 14 ). Relationships between WAT fl uo-
rescence area and SL and between triacylglycerol content 
and SL were established   ( Fig. 2C, D ). The adipose tissue 
signal area was strongly correlated with intensity in larvae 
with an SL of 5 to 13 mm (  Fig. 3A  ).  There was also a very 
good correlation between whole-mount NR fl uorescence 
adipose tissue signal intensity and area and whole-larva 
triacylglycerol content ( Fig. 3B, C ). During postembryonic 
zebrafi sh development, WAT appearance is correlated 
with size rather than age ( 7 ). We found that larvae suitable 
to the ZO test had to have an SL between 7.5 and 9 mm to 

  Fig.   3.  Relationship between WAT fl uorescence intensity and area 
after NR staining and triacylglycerol content per larva. A total of 88 
larvae were selected, with a broad distribution of SL, from 5 to 13 mm. 
Larvae, on a SD background, were starved for one day before sam-
pling. Adipose tissue intensity and area values were expressed in 
arbitrary units (a.u.). A: Relationship between adipose tissue fl uo-
rescence intensity and area after NR staining of live zebrafi sh larvae. 
B: Triacylglycerol content per larva was plotted against WAT fl uores-
cence intensity. C: Triacylglycerol content per larva was plotted 
against WAT area values. The slopes of the calculated linear regres-
sions were signifi cantly different from zero at  P  < 0.0001, and the 
variables were signifi cantly correlated, with nonparametric Spear-
man correlation ( P , two-tailed) as shown on the graph.   
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obtain an adipose tissue fl uorescence area ranging from 
10 to 60 arbitrary units after NR staining. These values 
were within the linear range between adipose tissue fl uo-
rescent area and triacylglycerol content of individual lar-
vae ( Fig. 3C ). In this SL range, the main anatomic locations 
of WAT were established ( Fig. 2B ). The main perivisceral 
WAT mass spreads from the anterior dorsal limits of the 
general/visceral cavity to the rectum, above and around 
the two swim bladder chambers, closely associated with 
the fi rst loop of the anterior intestine, as well as the poste-
rior intestine, close to the rectum. Other main locations 
are   at the base of the pectoral fi ns, surrounding the eyes 
(individual adipocytes or clusters), and in the dermis of 
the tail. 

 We then investigated the effect of starvation and initial 
diet lipid content on the adiposity of live animals. Under 
the experimental conditions used, individual adipocytes 
were easily identifi ed under the microscope, and their size 
was rapidly sensitive to the conditions applied. Zebrafi sh 
larvae were fed SD or HFD for one day, starved for one 
day, and then exposed or not to the chemicals for one ad-
ditional day in starved condition ( Fig. 1 ). HFD induced an 
increase in NR lipid staining in the blood vessels of the 
larvae after feeding (  Fig. 4D  ),  which gradually returned to 
basal levels during fasting ( Fig. 4B, F, H ). These variations 
in NR staining in the circulatory system were not observed 
in SD larvae ( Fig. 4A, C, E, G ). A one-day starvation in the 
presence of 0.1% DMSO as a vehicle control induced a 
decrease in whole-body adiposity, as evaluated by NR fl uo-
rescent staining ( � 19.77 ± 1.87% in SD versus  � 11.83 ± 
0.93% in HFD background,  P  < 0.005, n = 10 independent 
experiments analyzed). 

 Given these fi ndings, the ZO test was used to study WAT 
dynamics after exposure to pharmaceuticals and environ-
mental pollutants in interaction with the initial diet lipid 
content. Food intake ability and/or nutrient absorption at 
the intestinal level may be altered during exposure to exog-
enous molecules. In addition, the presence of food inside 
the intestinal lumen may interfere by quenching signals 
from NR-labeled perivisceral WAT. We found that starting 
starvation one day before exposure to compounds and ex-
tending it throughout the exposure period avoided any 
interference by these confounding factors, thus focusing 
on the exogenous compound’s effect on adiposity regula-
tion. However, it was still possible to study the interaction 
between the initial diet composition and the chemicals 
used, as nutritional history has proved to be a signifi cant 
factor in the effects of these molecules (see below). The 
following compounds were selected:  i ) T0070907 used as a 
PPAR �  antagonist ( 15, 16 ),  ii ) phenylephrine used as an 
 � 1-adrenergic receptor agonist capable of eliciting an in-
crease in lipolytic activity of human WAT ( 17 ),  iii ) rosiglita-
zone as a member of the thiazolidinedione family used for 
type II diabetes treatment and a well-known potent PPAR �  
agonist ( 16 ), and  iv ) TBT, a biocide found in antifouling 
paints capable of binding to PPAR �  but also to its heterodi-
meric partner retinoid X receptor ( 18, 19 ). The whole-
body adiposity dynamics of each larva were expressed as 
percentage decrease or increase in NR fl uorescence signal 

  Fig.   4.  The effect of lipid content of the diet on Nile Red fl uores-
cent signal in the circulatory system of live larvae. Lateral view un-
der a fl uorescence microscope after NR staining. Anterior part to 
the right and dorsal part to the top. Images of the head region of 
representative larvae enrolled in ZO test represent animals initially 
nourished for one day on SD (A, C, E, G) or HFD (B, D, F, H) diet. 
A, B: Before feeding. C, D: At the end of the one-day feeding pe-
riod (day 1). E, F: At the end of the one-day fast (day 2). G, H: After 
two days of fasting (day 3). See  Fig. 1  for details of ZO test diagram. 
Initial SL of the larva was 8.9 mm in (A) and 8.8 mm in (B). Adipo-
cytes are stained green, and the positions of selected blood vessels 
that may be labeled on HFD are indicated by white arrows. Scale 
bar, 200 µm. e, eye.   

areas after the one-day exposure period. The results of rep-
resentative experiments are depicted in   Fig. 5  .  Exposure to 
T0070907 ( Fig. 5A ) and phenylephrine ( Fig. 5B ) caused a 
decrease in adiposity compared with controls on an SD nu-
trient background. These exogenous compounds favored 
a decrease in adiposity in the fasting state and were classi-
fi ed as anti-obesogenic. In SD fi sh, rosiglitazone demon-
strated the ability to prevent adiposity loss in the unfed 
condition ( Fig. 5C ). Adiposity even increased after this 
treatment on an HFD background ( Fig. 5C ). Compared 
with controls, Rosiglitazone-treated larvae had 16.09% ± 
2.17 more adiposity than controls on an HFD background 
(n = 5 independent experiments). In addition, the ZO test 
made it possible to monitor individual adipocytes in vivo 
at higher magnifi cation (  Fig. 6  ).  As in other vertebrates, 
zebra fi sh-differentiated adipocytes were unilocular ( 6, 7 ). 
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Whereas control larvae exhibited a decrease or disappear-
ance of NR-stained lipid droplets ( Fig. 6A, C ), rosiglitazone 
induced an increase in droplet size ( Fig. 6B, D ). The effect 
of rosiglitazone was completely abolished by PPAR �  antag-
onist T0070907, indicating that rosiglitazone had a specifi c 
effect on adipocyte hypertrophy (  Fig. 7  ).  

  Fig.   7.  ZO test as a tool for studying molecular mechanisms underly-
ing adiposity dynamics in living zebrafi sh. Quantitative analysis was 
performed by recording the image area of NR fl uorescence signals. 
WAT dynamics is expressed as a percentage of initial adiposity value. A 
representative experiment is presented. Quantifi cation was assayed in 
the presence of 0.1% DMSO as a vehicle control or 0.1% DMSO plus 
rosiglitazone 1 µM or 0.1% DMSO plus rosiglitazone 1 µM and 
T0070907 10 µM on an HFD background. Rosiglitazone-induced adi-
pogenesis was abolished by PPAR �  antagonist T0070907, indicating 
that rosiglitazone had a specifi c effect on adipocyte hypertrophy. Val-
ues are mean ± SEM, n = 10 animals per group. *** P  < 0.001 by com-
parison with control group using ANOVA and Dunnett’s test.   

  Fig.   6.  In vivo adipocyte lipid droplet dynamics using the ZO test. 
Representative clusters of individual adipocytes from live unfed lar-
vae were selected after NR staining, and images were recorded 
from the same animal before (A, B) and after (C, D) a 24-h expo-
sure to the compounds. Adipocytes are stained green. C: Control 
larva recorded in (A) (SL = 8.9 mm) exposed to 0.1% DMSO, used 
as a vehicle control. D: Rosiglitazone-treated larva recorded in (B) 
(SL = 8 mm) exposed to 0.1% DMSO plus 1 µM rosiglitazone. 
Transparent  casper  line was used to avoid any pigmented cell opti-
cal artifact at the magnifi cation used. Whole-body variations in ini-
tial versus fi nal adiposity of the two selected animals were  � 5.6% 
and +5.6% in control and rosiglitazone-treated animals, respec-
tively. Scale bar, 150 µm.   

 TBT is a recognized environmental obesogen ( 19–21 ). 
Larvae treated at an environmentally relevant concentra-
tion ( 22–24 ) exhibited a remarkable increase in adiposity, 
irrespective of the lipid composition of the background 

  Fig.   5.  ZO test as a tool for screening molecules and nutritional 
factors that target adiposity in living zebrafi sh. A, B: Molecules with 
a lipogenic (anti-obesogenic) effect. C, D: Molecules with an adipo-
genic (obesogenic) effect. Quantitative analysis was performed by 
recording the image area of NR fl uorescence signals. WAT dynam-
ics is expressed as a percentage of initial adiposity value. Represen-
tative experiments are presented. Quantifi cation was assayed in the 
presence of 0.1% DMSO as a vehicle control or 0.1% DMSO plus 
the molecule to be tested at the indicated concentration on an SD 
or HFD background. T0070907 (A) and phenylephrine (B) expo-
sure induced a decrease in adiposity compared with control groups 
on SD, whereas no signifi cant difference was found on HFD. 
Rosiglitazone exposure induced a smaller decrease in adiposity 
compared with controls on an SD background, whereas an increase 
in adiposity was observed on an HFD background (C). TBT in-
duced an increase in adiposity, irrespective of the lipid content of 
the diet (D). Rosiglitazone-induced adipogenesis was additive to 
the effect of a high-fat diet (C). TBT, an environmental contami-
nant, also had an additive effect and was strongly obesogen at 
this environmentally relevant level (D). Values are mean ± SEM, 
n = 10 animals per group. * P  < 0.05, ** P  < 0.01, *** P  < 0.005, 
**** P  < 0.0005 by comparison of means using the same back-
ground diet.   
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ing neutral lipid deposition in adipocytes even in the fast-
ing state. It should be pointed out that, at the time of initial 
adiposity recording (i.e., after a-one day fast) and at the 
image magnifi cation and fl uorescent microscope settings 
used (e.g., the background subtracted method used), 
there was no signifi cant nonadipose NR fl uorescence 
signal likely to interfere with WAT quantitation ( Fig. 2B, 
Fig. 4F, Fig. 8 ). The nutritional condition used favored a 
lipolysis state, as demonstrated by the decrease in lipid 
droplet size in controls ( Fig. 6A, C ). However, exposure to 
obesogenic molecules (e.g., rosiglitazone) induced an in-
crease in lipid droplet size, as evidenced on an HFD 
background ( Fig. 6B, D ). Exogenous compounds (e.g., 
rosiglitazone or TBT) that increased adiposity in the fast-
ing state were classifi ed as obesogenic. 

 In summary, our data demonstrated that zebrafi sh 
larvae provided a suitable vertebrate model for screen-
ing chemicals and mixtures likely to impair adipocyte 
fat storage and mobilization in interaction with diet 
lipid content. The ZO test is an intermediate step in 
obesity research, between in vitro and rodent assays, 
and it also may be used to study the effect of environ-
mental toxicants on the adiposity of aquatic species. 
One major advantage of the described method is that 
the complex, dynamic, interactive, multi-organ events 
that occur in vivo remain intact, thus making it easier to 
characterize potentially obesogenic or anti-obesogenic 
substances.  
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