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19 Abstract 

20 trans-Trismethoxy resveratrol (TMR) is a methyl analog of resveratrol. It is found to exhibit 

21 enhanced biological effects compared to resveratrol, such as inhibition of cancer cell growth and 

22 pro-apoptotic activities. However, the role of TMR in lipid metabolism is not fully understood. 

23 In this study, we used Caenorhabditis elegans, an in vivo nematode model which has been 

24 widely applied in disease research, including research on obesity, to investigate the effect of 

25 TMR on lipid metabolism. Treatment with TMR (100 and 200 M) for 4 days significantly 

26 reduced triglyceride accumulation (14% and 20% reduction over the control, respectively) of C. 

27 elegans, without affecting nematode growth, food intake and reproduction. Treatment with TMR 

28 significantly downregulated stearoyl-CoA desaturase genes, fat-6 and fat-7, accompanied by a 

29 decrease in the desaturation index of fatty acids, the ratio of oleic acid to stearic acid. These 

30 results suggest that TMR inhibits fat accumulation by downregulating stearoyl-CoA desaturase 

31 in C. elegans.

32

33 Keywords: trans-Trismethoxy resveratrol, C. elegans, lipid metabolism, stearoyl-CoA 

34 desaturase 
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35 Introduction

36 trans-Trismethoxy resveratrol (TMR, (E)-5-[2-(4-hydroxyphenyl)ethenyl]-1,3-benzene diol) is a 

37 naturally occurring organic compound found in plants, including Pterobolium hexapetallum and 

38 Virola cuspidate.1, 2 TMR is derived from resveratrol by the addition of three methyl esters. 

39 Resveratrol is known to be metabolized under a detoxification pathway through sulfation and 

40 glucoronidation, which impact its bioavailability.3 The conversion of three active hydroxy 

41 groups into methyl esters in TMR is thought to make it more stable and exhibit higher 

42 bioavailability compared to resveratrol.4-6 TMR has been reported to have many biological 

43 properties, such as protection against oxidative stress-induced DNA damage,7 anti-inflammatory 

44 effects,8 and anti-cancer effects.4 However, the question of whether this compound also exhibits 

45 anti-obesity effects similar to resveratrol remains understudied. 

46 Caenorhabditis elegans (C. elegans) is a free-living nematode that has been widely used 

47 for many studies, including studies of obesity.9 It has a compact body size – the adult worm is 

48 only 1mm in length. In the laboratory, it can be cultured on either an agar plate or a liquid 

49 medium, and non-pathogenic Escherichia coli OP50 as the food source. C. elegans also has a 

50 short lifecycle of approximately 3 days at 25C, a significant advantage for shortening 

51 experiment duration.10 Moreover, many lipid-metabolism-related signaling pathways are highly 

52 conserved from humans to C. elegans, which makes C. elegans highly suitable as a model for 

53 obesity research.9 Thus, the purpose of the present study was to examine the role of TMR in lipid 

54 metabolism using C. elegans as an in vivo animal model.

55

56 Materials and Methods 

57 Materials
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58 trans-Trismethoxy resveratrol (TMR) was purchased from Cayman Chemical (≥98%, Ann 

59 Arbor, MI). Chemicals that included biological agar, peptone, LB broth used for C. elegans 

60 maintenance were purchased from Fisher Scientific Inc. (Pittsburgh, PA). Fluorodeoxyuridine 

61 (FUDR) and carbenicillin were purchased from Sigma-Aldrich Co. (St. Louis, MO). Reverse 

62 transcription kit, TaqMan gene expression assays and master mix for real time PCR assays were 

63 purchased from Applied Biosystems (Carlsbad, CA, USA). Commercial kits used for 

64 triglycerides (TG, Infinity™ Triglycerides Reagent) and protein (Bio-Rad DC protein assay kit) 

65 quantification were purchased from Thermo Fisher Scientific Inc. (Middletown, VA) and Bio-

66 Rad Co. (Hercules, CA), respectively. Escherichia coli OP50 and nematode strains, including 

67 N2, Bristol (wild type), daf-16 (mgDf50) I, tub-1 (nr2044) II, nhr-49 (ok2165) I, sbp-1(ep79) III, 

68 fat-5 (tm420) V, fat-6 (tm331) IV, fat-7 (wa36) V, fat-6 (tm331) IV; fat-7 (wa36) V, lin-15B&lin-

69 15A(n765) X; waEx15, aak-2 (ok524) X were obtained from Caenorhabditis Genetics Center 

70 (CGC). 

71

72 Caenorhabditis elegans Maintenance and TG Quantification

73 Caenorhabditis elegans was maintained as previously described 10 with freshly prepared 

74 Escherichia coli OP50 as a food source. Unless otherwise noted, synchronized L1 worms 10 were 

75 supplemented with 0.1% dimethyl sulfoxide (DMSO) as vehicle or different doses of TMR for 4 

76 days at 20C in S-complete liquid media before measurements. TG content was determined as 

77 previous reported.9, 11-13 Worms were collected in tubes and washed trice with M9 buffer to 

78 eliminate E. coli and treatment. After washing, the samples were prepared by sonication in 

79 0.05% Tween 20 and were quantified for TG and protein using commercial kits: Infinity™ 
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80 Triglycerides Reagent and Bio-Rad DC protein assay kit, respectively. TG content was 

81 normalized by protein level. 

82

83 Growth Rate, Locomotive assay, Progeny and Pumping Rate

84 Growth rate, body size, and locomotive activity were determined after two days of treatment 

85 with TMR as previously described.14 For growth rate, the number of worms at each 

86 developmental stage was recorded. Results were presented as a % of worms at each stage. Body 

87 size and the locomotive activity of worms were measured by using a WormLab tracking system 

88 (MBF Bioscience, Williston, VT).11 C. elegans were transferred to a fresh E. coli OP50-seeded 

89 low peptone plate and allowed to acclimate for 10 min before recording. Each video was filmed 

90 for 1 min, then analyzed with WormLab software (MBF Bioscience version 3. 1. 0, Williston, 

91 VT) for average speed, worm length, and worm width. 

92 Progeny and pumping rate were determined after two days’ treatment. Worms were 

93 picked onto fresh Escherichia coli OP50-seeded nematode growth media (NGM) plates to lay 

94 eggs. Parent worms were transferred to new plates every day until the reproduction period was 

95 ceased. Daily brood size was recorded. Pumping rate was monitored by counting the pharyngeal 

96 contraction of randomly selected worms for 30 sec.14

97

98 Fatty Acid Composition Analysis

99 Fatty acid composition was determined as previously described.12 Pre-treated worms were 

100 collected and washed three times to eliminate E. coli and treatment. Fatty acid methyl esters 

101 were subjected to GC/MS analysis (Shimadzu GC/MS-QP2010 SE, Tokyo, Japan). Both injector 

102 and detector temperatures were 250C, and helium was used as a carrier gas with splitless 
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103 injection. Oven conditions were as follows:  initial temperature of 50C rose at a rate of 

104 20C/min to 190C, was held for 30 min, then increased at a rate of 2C /min to 220C, and then 

105 held for 130 min. Identification of fatty acid methyl esters was conducted by comparing with 

106 fatty acid standards and/or their mass spectra according to the American Oil Chemists’ Society 

107 mass spectra data or the NIST Mass Spectral library.

108

109 Fluorescence Imaging and Quantification

110 Fluorescence imaging and quantification were conducted as previously described.15 After 

111 treatment, approximately 20~30 worms were anesthetized with 10 mM NaN3, then mounted on 

112 microscopic slides with a 3% agarose layer and capped with covered slides. Imaging was 

113 performed by using confocal microscopy (Nikon Eclipse 80i Microscope SOP, Tokyo, Japan). 

114 Pictures of 20-40 worms were taken for each treatment group. The GFP intensity of the first 

115 anterior pair of intestinal cells was quantified by using Image J software.15 

116

117 Quantitative Real-Time Reverse Transcription PCR (qRT-PCR)

118 Real time PCR was performed as previously described.14 Pre-treated nematodes were collected, 

119 and total RNA was extracted by Trizol. A high-capacity cDNA reverse transcription kit (Thermo 

120 Fisher Scientific Inc, Middletown, VA) was used for cDNA generation. The StepOnePlusTM 

121 Real-Time PCR system (Applied Biosystems, Foster City, CA) was used to perform qRT-PCR. 

122 Taqman gene expression assays used in this study were: daf-16 (Ce02422838_m1), fat-5 

123 (Ce02488494_m1), fat-6 (Ce02465318_g1), fat-7 (Ce02477066_g1), sbp-1 (Ce02453000_m1), 

124 tub-1 (Ce02435686_m1), nhr-49 (Ce02412667_m1), mdt-15 (Ce02406575_g1), acs-2 

125 (Ce02486193_g1), kat-1 (Ce02434540_g1), fasn-1 (Ce02411648_g1), acs-2 (Ce02486193_g1), 
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126 pod-2 (Ce02427721_g1), nhr-80 (Ce02421189_g1), atgl-1 (Ce02406733_g1), hosl-1 

127 (Ce02494529_m1), aak-1 (Ce02406989_g1), aak-2 (Ce02406989_g1) and ama-1 

128 (Ce02462726_m1, an internal control).

129

130 Statistical analyses

131 Statistical analyses were performed by using one-way ANOVA model with 

132 homogeneous/heterogeneous variance or generalized one-way ANOVA model with 

133 homogeneous/heterogeneous variance, followed by the Tukey's multiple comparison test for 

134 the comparisons among groups. For Data in Fig. 2B, 2C, 2F and 3C, the normality assumption 

135 did not hold under one-way ANOVA model (with homogeneous/heterogeneous variance), thus, 

136 generalized one-way ANOVA model with homogeneous/heterogeneous variance was employed. 

137 The statistical analyses were performed using PROC MIXED (for one-way ANOVA) and PROC 

138 GLIMMIX (for generalized one-way ANOVA) in SAS statistical software (SAS Institute version 

139 9.4, Cary, NC, USA), and P < 0.05 was considered statistically significant.

140

141 Results

142 trans-Trismethoxy resveratrol decreased TG accumulation in C. elegans

143 As shown in Figure 1, TMR significantly reduced TG accumulation, representative of body fat, 

144 in C. elegans at both concentrations of 100 and 200 M, with 14% (P=0.0305) and 20% 

145 (P=0.0036) reductions compared to the control, whereas 50 M TMR did not show any 

146 difference from the control. Therefore, a follow-up procedure used 100 and 200 M of TMR. A 

147 similar result was observed for the resveratrol treatment, which exhibited a significant reduction 
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148 of TG accumulation in C. elegans, approximately 10-20% reductions over control at 100 and 200 

149 M, which were comparable to those of TMR (Supplementary Figure S1).

150  

151 Effect of trans-trismethoxy resveratrol on physiological functions

152 To determine if TMR altered the basic physiological functions of C. elegans, several parameters 

153 – including growth rate, body size, food intake, reproductive capacity and locomotive activity – 

154 were examined. Results in Figure 2A show that TMR at 100 and 200 M did not influence the 

155 growth rate of C. elegans. Consistently, no change in body length (Figure 2B) and width (Figure 

156 2C) was observed under TMR treatment. To determine whether the reduced fat accumulation by 

157 TMR resulted from the change in food intake, we monitored the pharyngeal pumping rate, a 

158 widely-used indicator of food intake in C. elegans.16 TMR did not influence the pumping rate of 

159 worms (Figure 2D), suggesting TMR’s fat reduction did not result from the change in food 

160 intake. Additionally, TMR did not affect the progeny number of worms (Figure 2E), which 

161 indicates that TMR did not influence reproduction. Locomotive activity was monitored by 

162 measuring the worms’ average moving speed, which also serves as an energy expenditure 

163 indicator.17 Our results showed that at 200 M TMR, moving speed was reduced by 10% 

164 compared to the control (Figure 2F), suggesting a reduced energy expenditure. Collectively, 

165 these results suggest that TMR, at 100 or 200 M, did not influence development, food intake 

166 and reproduction, but reduced locomotive activity of C. elegans.

167

168 Effect of trans-trismethoxy resveratrol on lipid metabolism
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169 To explore the underlying mechanisms of TMR’s fat reduction effect, we examined the mRNA 

170 expression level of lipid metabolism-related genes with real time PCR analysis, as well as the 

171 genetic requirements of certain genes with mutant strains. 

172 First, we determined the effect of TMR on lipogenesis. Sterol regulatory element-binding 

173 proteins (SREBPs) are the major transcription factors regulating the biosynthesis of cholesterol, 

174 fatty acids, and triglycerides, and therefore are considered the therapeutic target for many 

175 metabolic diseases, including obesity.18 In C. elegans, SBP-1 is the single homolog of SREBPs, 

176 and plays a crucial role in regulating lipogenesis by targeting fatty acid biosynthesis genes: pod-

177 2, fasn-1 and stearoyl-CoA desaturases (SCDs) genes: fat-5, fat-6 and fat-7.19, 20 Loss of function 

178 mutation of sbp-1 will lead to a low fat phenotype in C. elegans.21 However, our results showed 

179 that TMR did not influence sbp-1, as the mRNA expression of sbp-1 remained unchanged under 

180 TMR treatment (Figure 3A). Moreover, mutation of sbp-1 failed to abrogate TMR’s fat reduction 

181 effect as shown in Figure 3B, which suggests that sbp-1 may not be involved in TMR’s fat 

182 reduction effect. 

183 Although TMR did not influence sbp-1, its known downstream targets, pod-2, fat-6 and 

184 fat-7 were significantly altered by TMR treatment. Indeed, TMR significantly reduced the 

185 expression level of pod-2 by 24% (P=0.0469) at 100 M, and 26% (P=0.0355) at 200 M 

186 (Figure 3A) compared to the control, indicating a role for pod-2 in TMR’s fat-lowering effect.

187 SCDs are responsible for catalyzing the rate-limiting step in the formation of 

188 monounsaturated fatty acids, which have been suggested as potential drug targets for obesity 

189 treatment.22, 23 Inhibition of  SCDs is associated with reduced overall fat accumulation in both 

190 mammals22, 24 and C. elegans.19 Our results showed that SCD genes, fat-6 and fat-7, were 

191 significantly downregulated by TMR, in which the fat-6 mRNA level was reduced by 29% at 
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192 100 M (P=0.0417) compared to the control, and the fat-7 transcription level was decreased by 

193 89% (P=0.0481) at 100 M and 81% (P=0.0468) at 200 M when compared to the control 

194 (Figure 3A). This was consistent with the results obtained in fat-7::gfp transgenic worms, in 

195 which there was significant reduction of fat-7 expression by TMR treatments (P<0.0001 for 100 

196 and 200 M, respectively, Figure 3C). To further delineate the role of TMR in fat-6 and/or fat-7, 

197 we examined the effect of TMR on fat accumulation in fat-6 and fat-7 single/double mutants. 

198 Results showed that TMR’s fat lowering effects were only abolished in the fat-6; fat-7 double 

199 mutant, but not the fat-6 or fat-7 single mutant (Figure 3B), suggesting the fat reduction effect of 

200 TMR was via both fat-6 and fat-7-dependently. 

201 Additionally, DAF-16, the sole C. elegans forkhead box O (FOXO) homologue, and 

202 NHR-80, the nuclear hormone receptor in C. elegans, are known to regulate lipid metabolism by 

203 targeting fatty acid desaturation (fat-5, fat-6 and fat-7).25 However, TMR did not affect daf-16 

204 and nhr-80, as TMR did not influence the mRNA expression level of either daf-16 and nhr-80 

205 and/or the loss of function mutant of daf-16 failed to abolish the fat reduction effect of TMR 

206 (Figures 3A & 3B). This suggests that TMR’s regulation of fat-6 and fat-7 may not depend on 

207 daf-16 and nhr-80. Taken together, our results suggest that TMR inhibited lipogenesis, possibly 

208 through the modulation of pod-2, fat-6 and fat-7. 

209 Next, we examined the role of TMR in beta-oxidation. tub-1 encodes a TUBBY homolog 

210 that regulates fat storage across species, including C. elegans.26-28 Mutation of tub-1 exhibits a 

211 high fat phenotype, which appears to be linked with impaired β-oxidation.19 kat-1 encodes a β-

212 oxidation enzyme, 3-ketoacyl-CoA thiolase, which acts in a synergistic manner with tub-1 in 

213 regulating β-oxidation.29 Results (Figure 3A) shows that 100 M TMR significantly elevated the 

214 expression of tub-1 by 70% (P=0.0005), but not kat-1 compared to the control. However, 
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215 treatment of TMR significantly reduced fat reduction in tub-1 mutant worms (Figure 3B), which 

216 suggests that tub-1 is potentially a contributing factor, but not a requirement, for TMR’s fat-

217 reduction effect. 

218 nhr-49 encodes a functional homolog of peroxisome proliferator-activated receptor α.30 It 

219 works with mediator subunit MDT-15 to regulate β-oxidation by targeting genes involved in fat 

220 oxidation signaling, such as acs-2 (encodes an acyl-CoA synthetase). Worms treated with TMR 

221 did not show any effects on gene expression of nhr-49, mdt-15 nor acs-2 compared to the control 

222 (Figure 3A). In addition, TMR significantly reduced fat accumulation in nhr-49 mutants (Figure 

223 3B), which suggests the independence of nhr-49 in TMR’s function. Collectively, these results 

224 suggest that TMR may enhance fatty acid beta-oxidation via a tub-1-mediated pathway, but not 

225 nhr-49. 

226 Adipose triglyceride lipase (ATGL) and hormone-sensitive lipase (HSL) are the major 

227 rate-determining enzymes for lipolysis in adipocytes.31 In C. elegans, ATGL and HSL homologs 

228 are encoded by atgl-1 and hosl-1, respectively 9. TMR did not change the expression of atgl-1 

229 and hosl-1 (Figure 3A), suggesting that TMR’s fat-lowering effect might be independent of its 

230 effect on lipolysis. 

231 AMP-activated kinase (AMPK) is an energy sensor that modulates metabolic energy 

232 balance at the whole-body level.32 It is known to modulate energy homeostasis by negatively 

233 regulating fat synthesis and positively regulating fatty acid β-oxidation and glycolysis.9, 32 In C. 

234 elegans, there are two genes that encode the homolog of the catalytic alpha subunit of AMPK: 

235 aak-1 and aak-2.19 in which AAK-2 is the subunit thought to be responsible for the kinase 

236 activity of AMPK, to regulate lifespan, dauer formation, fat metabolism.19 TMR did not 

237 influence aak-1 expression, but significantly increased aak-2 transcription levels (Figure 3A), 
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238 suggesting the possible involvement of AMPK in TMR’s fat reduction effect. We further 

239 determined the role of aak-2 in TMR’s function by using the aak-2 mutant strain. However, the 

240 fat reduction effect of TMR was remained in aak-2 mutants (Figure 3B), suggesting that aak-2 

241 may not be required for TMR’s fat-lowering effect. 

242

243 trans-Trismethoxy resveratrol significantly reduced desaturation index 

244 Based on results that TMR reduces fat accumulation via a fat-6- and fat-7-dependent manner, we 

245 further examined the effect of TMR on the desaturation index of oleic vs. stearic acids, as FAT-6 

246 and FAT-7 are responsible for the conversion of stearic acid to oleic acid.33 Results showed, as 

247 expected, that TMR significantly decreased the desaturation index, and lead to 28% and 36% 

248 reductions at 100 and 200 M, respectively, compared to the control (Figure 4).  

249

250 Discussion

251 TMR, a methyl derivative of resveratrol, significantly decreased the fat accumulation of C. 

252 elegans. Moreover, TMR significantly down-regulated the expression of lipogenesis-related 

253 genes fat-6, fat-7, and pod-2, and upregulated the fat oxidation-related gene tub-1, which 

254 suggests a potential role for TMR in lipogenesis and fat oxidation. It was further determined that 

255 fat reduction from TMR was dependent on fat-6 and fat-7, homologs of SCDs. This research is 

256 the first to report on the role of TMR in lipid metabolism in C. elegans. 

257 SCDs have been suggested as a potential drug target for obesity treatment.22, 24 Mice 

258 deficient in SCDs have increased energy expenditure, reduced body adiposity, increased insulin 

259 sensitivity, and are resistant to diet-induced obesity and liver steatosis.24 Our results showed that 

260 TMR significantly downregulated SCDs and lead to a reduction in overall fat accumulation in C. 
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261 elegans. Similar to TMR, other functional food components, including hesperidin,34 pu-erh tea 

262 water extract,35 and N-γ -(l-glutamyl)-l-selenomethionine,36 were also found to inhibit fat 

263 accumulation in C. elegans via a fat-6- and fat-7-dependent process. The modulation of fat-6 and 

264 fat-7 was proposed via the regulation of sbp-1 by hesperidin 34 and mdt-15 by pu-erh tea extract 

265 35 and N-γ -(l-glutamyl)-l-selenomethionine.36 However, none of these genes are involved in the 

266 effect of TMR investigated in this study. In addition, other SCD regulators NHR-49, NHR-80 

267 and DAF-16 33 were not influenced by TMR. Therefore, whether TMR’s effect was by acting 

268 directly on fat-6 and fat-7, or indirectly through the regulation of an alternative upstream 

269 modulator, is not clear, and needs to be further elucidated.  

270 pod-2 encodes the acetyl-CoA carboxylase (ACC) homolog responsible for catalyzing the 

271 first step of de novo fatty acid biosynthesis. In this report TMR significant modulated pod-2, but 

272 not sbp-1, which suggests the modulation of pod-2 by TMR might be independent of sbp-1. In 

273 addition to sbp-1, POD-2/ACC is known to be regulated by other factors, such as AMPKs.37 

274 Thus, increased AAK-2/AMPKs might play a role in the regulation of pod-2 by TMR treatment. 

275 Additionally, the reduced fat-6 and fat-7 might be contributing to TMR’s effect on pod-2, as the 

276 inhibition of SCDs leads to the accumulation of saturated fatty acyl-CoA, which may result in a 

277 feedback inhibition of ACC (POD-2 in C. elegans).38

278 TUB-1, the TUBBY homolog, functions with KAT-1, a 3-ketoacyl-coA thiolase, to 

279 modulate fat metabolism, which is known to be linked to fatty acid -oxidation.26-28 In addition, 

280 RAB-7 (Ras-related protein Rab-7a homolog), a mediated endocytic pathway, might be a target 

281 for tubby to regulate fat storage.26-28 In the current study, TMR activated tub-1, which suggests a 

282 possible role for TMR in fatty acid -oxidation and the endocytic pathway. Along with TUB-1, 

283 NHR-49, a functional homolog of PPARα, is also reported to regulate -oxidation.30 However, 
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284 current results showed that TMR did not influence nhr-49, which is consistent with a previous 

285 finding that TMR is not acting as a PPARα agonist.39 Since nhr-49 and tub-1 are both able to 

286 modulate fatty acid -oxidation, whereas TMR only modulates tub-1, but not nhr-49, we 

287 speculate that tub-1 and nhr-49 may regulate -oxidation through distinct mechanisms. Further 

288 studies will be needed to determine the role of TMR, particularly in tub-1-mediated fatty acid -

289 oxidation.

290 It was previously reported that the fat-lowering effect of resveratrol was via the activation 

291 of AMPKs and Sirtuin 1 (SIRT 1) to promote adipocyte browning.40, 41  Resveratrol derivatives, 

292 piceatannol (hydroxylated derivative) and pterostilbene (demethylated derivative), were also 

293 reported to activate AMPKs and SIRT 1.42-45 Our study found that TMR increases expression of 

294 aak-2, and it was previously reported that TMR also activates SIRT1.46 In addition, it was 

295 reported that resveratrol regulated lipid metabolism by regulating SCDs (fat-6 and fat-7).47-49 

296 Although this is the first report on the role of SCDs (fat-6 and fat-7) in TMR’s impact on fat 

297 reduction, results suggest that resveratrol and its derivatives not only share structural homology, 

298 they also may share common mechanisms regulating lipid metabolism.

299 Previously TMR was reported to have better bioactivities than resveratrol, especially 

300 anticancer properties in numerous cancer cells.50-55 One study directly compared the same dose 

301 of TMR and resveratrol (50 mg/kg dose, orally administered every other day for 52 days) in nude 

302 mice, and showed that resveratrol undergoes more extensive metabolic degradation than TMR, 

303 which resulted in a higher serum level of TMR (0.94±0.55 g/mL) compared to that of 

304 resveratrol (0.02±0.01 g/mL).50, 51 Consistently, Lin et al. reported that the clearance for TMR 

305 was found to be 8- to 9-times slower than that of resveratrol in rats.5 Thus, it was suggested that 

306 the improved bioactivities of TMR over resveratrol are due in part to methoxylation in TMR that 
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307 may hinder conjugation under detoxification metabolism, and/or alternatively to the greater 

308 lipophilicity of TMR, which leads to greater cell membrane permeability than resveratrol. In 

309 addition to the TMR studied in this research, which is a trans-isomer, TMR also has a cis-

310 isomer, which has shown greater potency in inhibiting cancer cell growth compared to trans-

311 TMR, although with higher cytotoxicity.56 However, in the current study, we observed similar 

312 effects of TMR and resveratrol on body fat reduction (Supplementary Figure S1). Although C. 

313 elegans possess the conserved detoxification pathways to the mammals,57, 58 the metabolic fate of 

314 the xenobiotics between C. elegans and humans may still be different, including the metabolism 

315 of bioactives by gut microbiota in the intestines.59, 60 Moreover, C. elegans can absorb bioactives 

316 through cuticles along with ingestion,19 and these differences may lead to different overall 

317 responses. Thus, it would still need to be determined if TMR exhibits enhanced potency over 

318 resveratrol and/or other cognates in fat reduction, particularly in humans.

319 According to our results, TMR at 100 and 200 M did not significantly impact the 

320 normal physiological parameters of growth rate, body size, food intake and reproduction, while 

321 the locomotive activity, represented as average moving speed, was reduced by TMR at 200 M, 

322 although with a relatively small reduction of 10% over the control. The reduced locomotive 

323 activity by TMR treatment might be an indicator for potential toxicity when the dosage of TMR 

324 is greater than 200 M. Alternatively, as locomotive activity is regulated by neural networks,61 it 

325 may indicate the potential effects of TMR on the nervous system. However, future research 

326 would be needed to confirm the significance of reduced locomotive activity by TMR observed in 

327 the current study.

328 To conclude, our data suggests that TMR, a methylated derivative of resveratrol, 

329 significantly reduced fat accumulation in C. elegans. The fat reduction induced by TMR requires 
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330 steroyl-CoA desaturase, fat-6 and fat-7, along with the contributions of tub-1, pod-2, as well as 

331 aak-2. Although it is not currently possible to translate doses used in C. elegans directly to 

332 animals or humans, the current study may still provide the foundation for future studies with 

333 rodents and human clinical studies.

334
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502 Figure 1. trans-Trismethoxy resveratrol significantly decreased fat accumulation in wild type C. 

503 elegans. Synchronized L1 worms were treated with the control (0.1% DMSO) or trans-

504 trismethoxy resveratrol (50, 100 and 200 M) for 4 days in 12-well plate with liquid medium at 

505 20C. Triglyceride content was measured and normalized by protein level. Results are expressed 

506 as mean±S.E (n=4 wells, each well contained >1000 nematodes). a,b   Means with different letters 

507 are significantly different (P<0.05).

508

509 Figure 2. Influence of trans-trismethoxy resveratrol on physiological parameters. Synchronized 

510 L1 worms were treated with the control (0.1% DMSO) or trans-trismethoxy resveratrol (100 and 

511 200 M) for 2 days in liquid medium at 20C. Growth rate (A) was scored as the percentage of 

512 worms at different developmental stages (n=3 plates, each plate >50 worms).  Worm size, 

513 including length (B) and width (C), and locomotive activity, as average moving speed (F), were 

514 measured and analyzed by using the WormLab Tracking System (n=150-161). Food intake (D) 

515 was monitored by counting the pharyngeal pumping rate per 30s (n=12). Reproduction assay (E) 

516 was conducted by counting the number of progenies per worm until the reproduction period was 

517 ceased (n=5-6). Results are expressed as mean ±S.E. a,b   Means with different letters are 

518 significantly different (P<0.05).

519

520 Figure 3. trans-Trismethoxy resveratrol regulates lipid metabolism-related genes. (A) Effect of 

521 trans-trismethoxy resveratrol on the mRNA expressions of lipid metabolism related genes. 

522 Synchronized L1 worms were treated with control (0.1% DMSO) or trans-trismethoxy 

523 resveratrol (100 and 200 M) for 2 days in 60 mm dish with liquid medium at 20C (n=3, each 

524 plate contained >8000 nematodes). Tested genes are sbp-1 (sterol regulatory element binding 
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525 protein-1), pod-2 (polarity and osmotic sensitivity defect-2), fasn-1 (fatty acid synthase-1), fat-5 

526 (fatty acid desaturase-5), fat-6 (fatty acid desaturase-6),  fat-7 (fatty acid desaturase-7), daf-16 

527 (abnormal dauer formation-16), nhr-80 (nuclear hormone receptor-80), tub-1 (tubby related-1), 

528 kat-1 (3-ketoacyl-coa thiolase), nhr-49 (nuclear hormone receptor-49), mdt-15 (mediator-15), 

529 acs-2 (fatty acid CoA synthetase-2), atgl-1 (adipose triglyceride lipase-1), hosl-1 (hormone 

530 sensitive lipase-1), aak-1 (AMP-activated kinase-1), and aak-2 (AMP-activated kinase-2). (B) 

531 Effect of trans-trismethoxy resveratrol on different mutant worms (n=4 wells, each well 

532 contained >1000 nematodes). Synchronized L1 worms were treated with control (0.1% DMSO) 

533 or trans-trismethoxy resveratrol (100 and 200 M) for 4 days in 12-well plate with liquid 

534 medium at 20C. Triglyceride content was measured and normalized by protein level. (C) 

535 Representative images of FAT-7::GFP expression. FAT-7::GFP expression was analyzed by 

536 Image J software by quantifying fluorescence intensity in the first anterior pair of intestinal cells 

537 (n=23-42). White arrow points out the first anterior pair of intestinal cells. Results are expressed 

538 as mean ±S.E. a,b   Means with different letters are significantly different (P<0.05).

539

540 Figure 4.  trans-Trismethoxy resveratrol significantly decreased the desaturation index. 

541 Synchronized L1 worms were administrated with control (0.1% DMSO) or trans-trismethoxy 

542 resveratrol (100 and 200 M) for 4 days in 100 mm dish with liquid medium at 20C. After 

543 treatment, total fatty acids were extracted, methylated and then analyzed by GC/MS (n=3 plates, 

544 each plate >10000 worms). Results are expressed as mean ±S.E. a,b   Means with different letters 

545 are significantly different (P<0.05).
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trans-Trismethoxy resveratrol reduced fat accumulation via the regulation of FAT-6 and FAT-7, 
stearoyl-CoA desaturases homologs, in Caenorhabditis elegans.
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