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摘要 
 
    細胞核轉錄因子 Peroxisome Proliferator Activated Receptor (PPAR)是固醇類
荷爾蒙受器家族成員之一，目前已知有 PPARα、δ(β)、γ三種 isoforms，其中
PPARα主要表現於肝臟，負責調控脂質代謝基因之轉錄表現；PPARγ2主要表

現於脂肪組織，調控脂肪細胞分化及脂質合成基因之表現。已知魚油與炸油均可

活化 PPARα，二者均可降低大鼠肝臟脂質，促進肝臟脂質代謝。本研究目的在
探討魚油及炸油對大鼠脂肪組織細胞型態、脂質代謝影響。我們假設炸油與魚油

均會抑制脂肪組織 PPARγ下游基因表現，因而抑制高脂飲食誘發之脂肪細胞增
大作用(Hypertrophy)。此作用可能是經由活化肝臟 PPARα下游基因表現，促進
肝臟脂質代謝，降低血液中富含 TG之脂蛋白含量，進而影響周邊組織(脂肪組
織)對 TG之利用。當脂肪細胞合成的 LPL減少，便會減少脂肪細胞內 TG合成
與堆積，導致脂肪細胞與組織量減小，這可能影響脂肪細胞激素分泌，進而影響

血糖控制。 
    實驗設計將大白鼠分為低油組(LF)，餵予 5%新鮮黃豆油，三組高油組分別
餵予 20%新鮮黃豆油(HF)、油炸黃豆油(HO)及魚油(HFO)，六週後犧牲，以
Northern法偵測腹膜後及副睪脂 PPARγ下游基因(LPL、aP2) mRNA。脂肪細胞
以鋨酸染色固定觀察脂肪細胞大小及數目，另以化學分析測定脂肪組織內

DNA、蛋白質、脂質含量。定量肝脂質、血漿脂質、leptin、血糖及胰島素。結
果顯示餵食魚油(HF)與炸油(HO)均會表現 PPARα活化特徵，包括肝腫大，過氧
化體增生，肝脂質降低及 PPARα下游基因 ACO酵素活性增加。二者也會會抑制
脂肪細胞增大作用(hypertrophy)，炸油並不影響脂肪組織中細胞總數，但脂肪細
胞內脂質含量顯著降低 (P<0.05)，炸油抑制脂肪細胞增大作用更勝魚油。但餵食
魚油或炸油對脂肪組織 LPL、aP2 mRNA表現並無顯著影響。不同於預期的是，
炸油與魚油在血糖調控上似乎走向不同途徑，炸油導致大鼠禁食血糖及胰島素顯

著增加 (P<0.05)，似乎有造成胰島素抗性之趨勢。 

 
關鍵詞：魚油、炸油、脂肪組織、PPARα、PPARγ、胰島素抗性
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Abstract 
 
   PPAR (Peroxisome proliferator activated receptor) are transcription factor 
belonging to the nuclear receptor family. Three major isoforms, PPARα、δ(β) and
γhad been identified in mammalian tissues. PPARα is mainly expressed in liver 
and transcriptionally regulate the expression of genes for lipid metabolism. PPARγ2 
is expressed exclusively in adipose tissue and regulate the differentiation of 
adipocytes as well as genes for lipid storage. This study was aimed at the effect of 
oxidized frying oil (OFO) and fish oil on the morphology and lipid metabolism of 
adipocytes. We hypothesized the expression of PPARγ down stream genes in 
adipocytes will be down-regulated by feeding dietary OFO or fish oil. As a result, the 
hypertrophy of adipocytes induced by high-fat diet will be inhibited. These effects 
could be inferred to the activated PPARα, dietary OFO and fish oil enhance the lipid 
metabolism in liver and decrease the TG-rich lipoprotein in plasma, which may 
reduce the ability of utilization of TG in extra-hepatic tissue. When the expression of 
LPL is decreased in adipose, the synthesis and accumulation of TG in adipocyte will 
be reduced then result in smaller cellular size and decreased fat mass. The hormones 
secreted by adipocytes may be modified and affect the regulation of glucose 
homeostasis in rats.                          

To test this hypothesis, SD rats were separated into one low-fat group (LF) which 
fed with 5 % fresh soybean oil, and 3 experimental high fat diet groups which fed 
with 20% fresh soybean oil (HF), OFO (HO) or fish oil (HFO) respectively. After 6 
weeks, rats were killed and the expression PPARγdown-stream genes ( LPL and aP2 ) 
were measured in epididymal and retroperitoneal fat pad. The size and numbers of 
adipocytes from the two fat tissues were detected and chemical composition of 
adipocytes, liver lipids, plasma lipids, leptin, insulin and glucose were also analyzed. 
The results show, feeding with dietary OFO or fish oil, liver enlargement, peroxisome 
proliferation, reduction of liver lipid and induction of PPARα target gene—ACO 
activity, all of the PPARαactivation effects were induced. Both OFO and fish oil 
inhibit the hypertrophy of adipocytes. Feeding OFO had no effect on total adipocyte 
numbers, but the lipid content in adipocytes were significantly reduced (P<0.05). The 
anti-hypertrophy effect of OFO was more potent than fish oil. However, the 
expression of aP2 and LPL genes in epididymal and retroperitoneal fat tissue were not 
significantly influenced by feeding OFO or fish oil. Unexpected, the fasting serum 
glucose and insulin were significantly increased which imply an insulin resistance 
may be under developed. 
Keywords : fish oil, oxidized frying oil, adipose tissue, PPARα, PPARγ, insulin 
resistance 
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前言 
    已知 PPAR(Peroxisome Proliferator Activated Receptor)是負責調控脂質代謝
與脂肪細胞分化之轉錄因子，目前發現在哺乳類有三種 isoforms：PPARα、δ
(β)、γ，PPARδ(β)雖分布最廣，但其功能並不清楚；PPARα主要表現於可
代謝脂質組織，如肝、心、腎、棕色脂肪、骨骼肌，而 PPARγ2 主要表現於脂

肪組織。利用基因剔除小鼠(gene knockout mice)已清楚證實 PPARα角色在維持
及調控脂質代謝；PPARγ則是脂肪細胞分化所必須。 

除了降血脂藥 Peroxisome proliferator (PP)已知魚油可活化 PPARα 及γ，近
來我們證實氧化炸油亦可活化 PPARα (Chao et al, 2001)。大鼠餵食 20% (w/w) 
炸油可促進肝臟 PPARα下游基因 ACO 及 CYP4A1 表現，Transactivation assay
亦證實炸油含有 PPARα活化物。炸油中的 PPARα活化物推測可能包含 CLA、
Hydroxy fatty acids(如 Ricinoleic acid、9-HODE或 13-HODE)或其他未知物。事實
上，這些脂肪酸或其氧化物利用 transactivation assay均已證實可同時活化 PPAR
α及γ，因此魚油或炸油的生理效應部分應可歸因於 PPAR對肝臟及周邊組織作
用，進而影響體內脂肪及碳水化合物代謝。 

由於過去未曾探討炸油對肝外周邊組織之影響，再加上大鼠餵食炸油部分效

應與魚油非常類似，例如體重降低、肝臟及血漿 TG降低、肝臟解毒酵素 CYP450
量增加，脂肪組織量減小，因此本研究計劃比較魚油與炸油對大鼠脂肪組織脂質

代謝及脂肪細胞型態之影響。 
我們假設炸油與魚油均會抑制脂肪組織 PPARγ下游基因表現，因而抑制高

脂飲食誘發之脂肪細胞增大作用(Hypertrophy)。此作用可能是經由活化 PPAR
α，促進肝臟脂質代謝，降低血液中富含 TG之脂蛋白含量，進而影響周邊組織
(脂肪組織)對 TG 之利用。由於 LPL基質(富含 TG 之脂蛋白)減少，脂肪細胞合
成分泌的 LPL 可能減少，因此降低脂肪細胞內 TG 合成與堆積，導致脂肪細胞
與組織量減小，這可能影響脂肪細胞激素分泌，進而影響血糖控制。 
 
研究方法 

1. 炸油製備 
延續先前方法，為黃豆沙拉油以 205±5℃油炸麵片 24小時(6hr/d×4d)。 

2. 動物飼養 
剛離乳 SD品系公鼠 32隻分為四組：LF (5%新鮮黃豆油)、HF(20%新鮮
黃豆油)、HO(20%炸油)、HFO(20%魚油)餵食六週。 

3. 組織分析及檢測 
1) 組織稱重：肝、腎、腹睪脂、骨骼肌、棕色脂肪、心、腦。 
2) 組織取樣：抽血分離血漿，取部分肝、腹睪脂、骨骼肌以液態氮冷
凍保存供抽取 RNA，肝、腹睪脂作組織切片。 

3) mRNA表現：以 GTC抽取 RNA，以 Northern法偵測副睪脂及腹膜
後脂肪組織 LPL、aP2 mRNA，並以 18S rRNA作校正。 
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4) 細胞組織化學分析及成分分析：肝切片以 DAB染色，觀察過氧化
體增生情形。脂肪組織以 collagenase處理收集脂肪細胞後以鋨酸固
定染色以細胞計數器測定細胞直徑分布，另脂肪組織分別萃取脂質

及 DNA分析組織內粗脂肪、TG含量、DNA及蛋白質。 
5) 血液生化分析：肝臟與血漿脂質包括 TG、TC、PL、NEFA，以市
售套組進行。血清 leptin、insulin及 glucose以市售套組進行。 

統計分析：以 Student t test比較 LF與 HF組差異高油組(HF、HO、HFO)間則以
one-way ANOVA進行檢定若有顯著差異則以 Duncan’s multiple range test分析組
間差異。所有數據均事先檢定是否常態分布否則轉為對數值 
 
結果與討論 

由於炸油顯著抑制大鼠攝食量，魚油亦有輕微食量降低現象，因此餵食方

式以對飼育進行，半數 LF與 HF組供給與 HO組攝取熱量相當飼料量，其餘半
數則比照 HFO組提供熱量相當飼料量。由於 HO與其對飼育大鼠攝食量及體重
顯著低於 HFO及其對飼育組，因此生長速率分別比較結果如圖一所示，在控制
熱量相當下攝取炸油及魚油並不影響大鼠體重增加，同樣也不影響飼料效率

(Feed efficiency)。 
除體重增加及攝食量外，不論 LF或 HF，對照 HO或 HFO飼育並不影響以

下結果，因此下述結果將兩種對飼育合併，回歸四組 LF (pair fed with 
HO/HFO) 、HF (pair fed with HO/HFO)、HO及 HFO統計。在相對組織重方面，
高油飼料顯著增加腹睪脂及腹膜後白色脂肪組織量(HF vs. LF, P<0.05, 表一)比
較 HF、HO及 HFO組，發現炸油及魚油顯著增加肝及腎重量，降低腹睪脂及腹
膜後脂肪量，此外炸油顯著增加肩胛棕色脂肪量，而魚油不會。其中炸油造成肝

腫大及降低腹膜後脂肪堆積效應顯著大於魚油 (P<0.05)。 
表二為血脂質及肝脂質定量結果：HF與 LF組相較有顯著較低血清總脂質

(Total lipid)，但較高肝臟 Total lipid、TG、TC (P<0.05)。魚油顯著降低大鼠血清
Total lipid 、TC及 NEFA，炸油只顯著降低血清 NEFA；但在肝脂質方面，炸油
如同魚油顯著降低肝臟 Total lipid、TG、TC及 NEFA，二組肝脂質堆積量僅為
HF組之 1/3~1/2。 

根據過去經驗知道炸油降低肝脂質堆積是經由活化 PPARα，促進 PPARα下
游基因，包括 ACO及 CYP4A1表現，刺激肝臟脂質走向氧化代謝途徑。圖二顯
示炸油與魚油顯著增加肝臟 ACO活性，其順序為 HO>HFO>HF (P<0.05)，而高
新鮮油本身並不增加 ACO活性 (HF vs. LF, P>0.05)(圖二)。此外肝切片以 DAB
染色觀察過氧化體，證明魚油及炸油均會造成肝臟過氧化體增生，尤其炸油的

peroxisome prolifeeration效應更甚於魚油(圖三)。肝臟過氧化體增生、肝腫大、
誘導 ACO活性均是 PPARα活化特徵，由此顯示炸油活化 PPARα能力應大於魚
油。 

根據本研究假說，炸油及魚油會改變脂肪細胞脂質代謝及型態，因此可能
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影響血糖調控，因此追蹤四週期間禁食血糖變化。結果顯示 HF相較於 LF，或
HF相較於 HO及 HFO，血糖並無顯著差異，除了在第四週 HO組血糖顯著高於
HF及 HFO(P<0.05，圖四)。有趣的是 HO組大鼠在犧牲時有最高的血清胰島素，
高油本身(HF vs. LF)或魚油油種 (HFO vs. HF)並不會增加血清胰島素(圖五)，因
此炸油似乎會降低胰島素敏感性。血清 Leptin雖懷疑與胰島素抗性有關，但在
本研究卻顯示 HO組有顯著最低 serum leptin (HO vs. HF, P<0.05) (圖五)。正如文
獻所示，Serum leptin與體脂肪有正相關，本研究各組間 serum leptin變化亦呈現
與脂肪組織量一致。 

圖六及圖七分別為腹膜後及腹睪脂脂肪細胞大小分布圖。不論腹膜後或腹

睪脂脂肪，HF與 LF相較，脂肪細胞大小並無差異；而 HO及 HFO組細胞直徑
分布圖則有向左移趨勢，尤其 HO組向左偏斜程度最大，顯見餵食炸油及魚油均
會導致脂肪細胞變小，其中炸油抑制脂肪細胞增大(Hypertrophy)作用更甚魚油。 

除了直接定量脂肪細胞大小，DNA含量間接代表細胞數目。如圖八所示，
每單位重(克)DNA量(µg/g tissue)可以解釋脂肪細胞大小變化，每塊組織 DNA量
(µg/tissue)則提供脂肪細胞 Clonal expension或 Apoptosis可能受油脂量或來源影
響。結果顯示，高脂飼料並不影響大鼠腹膜後及腹睪脂脂肪細胞數目(HF vs. 
LF)，而炸油組不論在腹膜後及腹睪脂脂肪，就每單位重來看均有最高的 DNA
含量，換言之每單位重量有最多細胞數目，這與前述觀察到它有最小的脂肪細胞

相符。但魚油組每單位重之 DNA量與 HF組相較並無顯著差異，倒是腹睪脂有
顯著較低總細胞數(P<0.05)，顯示魚油或許可能促進脂肪細胞凋亡或抑制細胞增
生。炸油則不影響此二組織細胞總數。此結果亦顯示炸油或魚油對不同部位脂肪

組織有不等程度影響。 
脂肪組織的粗脂肪及 TG定量顯示(表三)，高脂飲食並不影響腹膜後及腹睪

脂每單位重或每塊組織的脂質量，除了腹睪脂 TG總量顯著增加 (3.18 vs. 2.28 
mmol/tissue, HF vs LF)。餵食炸油顯著降低腹膜後脂肪組織粗脂肪及 TG總量
(P<0.05)，魚油則顯著降低腹睪脂每單位重及每塊組織粗脂肪及 TG量(P<0.05)。
若是將脂質定量結果以每單位重(克)DNA表示則可突顯炸油組的
Anti-hypertrophy of adipocytes效應。炸油組不論在腹膜後及腹睪脂細胞中均有顯
著最低的粗脂肪或 TG量；魚油組與 HF組相較，雖然每單位 DNA也有較低的
脂質量，但未達統計差異。這些結果也暗示了炸油似乎對腹膜後脂肪組織，而魚

油似乎對腹睪脂有較大效應。 
圖九顯次 HF不論與 LF相較或與 HO或 HFO相較，脂肪組織 aP2及 LPL 

mRNA表現均無顯著差異。 
以上結果證明，炸油與魚油均會抑制大鼠脂肪細胞增大作用。雖然魚油及

炸油均具有 PPARα活化能力，二者抑制肝脂質堆積程度也相當，但炸油抑制脂
肪細胞脂質堆積能力大於魚油。炸油對脂肪組織 PPARγ下游基因影響需再探討。
且與魚油不同的是，炸油造成大鼠禁食血糖及胰島素增加，似乎有造成胰島素抗

性之趨勢。這或許是炸油與魚油活化 PPARα能力不同，或是魚油與炸油影響不
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同部位脂肪組織，而在血糖調控走向不同後果。此外，炸油造成胰島素抗性之途

徑，以及此不利成分究竟為何，是否與先前發現之 PPARα活化物及降低血液或
肝臟脂質堆積之成分相同，均是未來值得研究方向。 

 
參考文獻 
張鈞堯。飲食油脂之質與量對大鼠肝臟中 PPARα和 ACO mRNA 表現之影響。台大農化所碩士

論文，1998 

吳雅玲。膳食油脂對大鼠脂肪組織中 PPARγ與相關基因 mRNA 表現及化學組成影響之探討。

台大農化所碩士論文，1999 

Altiok, S.,  Xu, M., and Spiegelman, B.M.  PPAR gamma induces cell cycle withdrawal: inhibition 

of E2F/DP DNA-binding activity via down-regulation of PP2A. Genes & Development.  

11(15):1987-98, 1997  

Amri, E. Z., Ailhaud, G. and Grimaldi, P. A. Fatty acids as signal transducing molecules: involvement 

in the differentiation of preadipose to adipose cells. J.of Lipid  Res. 35(5):930-7, 1994 

Aoyama, T, Peters, J. M., Iritani, N., Nakajima, T., Furihata, K, Hashimoto, T. and Gonzalez, F. J. 

Altered constitutive expression of fatty acid-metabolizing enzymes in mice lacking the PPARα. J. 

Biol. Chem. 273:5678-5684, 1998  

Brun, R. P.,  Tontonoz, P.,  Forman, B.M.,  Ellis, R.,  Chen, J.  Evans, R. M. and  Spiegelman, B. 

M. Differential activation of adipogenesis by multiple PPAR isoforms. Genes & Development.  

10(8):974-84, 1996 

Chawla, A., Boisvert, W. A., Lee, C. H., Laffitte, B. A., Barak, Y., Joseph, S. B., Liao, D., Nagy, L., 

Edwards, P. A., Curtiss, L. K., Evans, R.M. and Totonoz, P. A PPARγ-LXR-ABCA1 pathway in 

macrophages is involved in cholesterol efflux and atherosclerosis. Molecular Cell. 7:161-171, 

2001 

Clarke, S. D., Baillie, R., Jump, D. B. and Nakamura, M.T. Fatty acid regulation of gene expression: 

Its role in fuel partitioning and insulin resistance. Ann. N. Y. Acad. Sci. 827:178-187, 1997 

Costet, P., Legendre, C., More, J., Edgar, A., Galtier, P and Pineau, T. PPARαisoform deficiency leads 

to progressive dyslipidemia with sexually dimorphic obesity and steatosis. J. Biol. Chem. 

273:29577-29585, 1998 

Dana, S. L., Hoener, P. A., Bilakovics, J M., Crombie, D. L., Ogilvie, K. M., Kauffman, R. F., 

Mukherjee, R. and Paterniti, J. R. Peroxisome proliferator-activated receptor subtype-specific 

regulation of hepatic and peripheral gene expression in the Zucker diabetic fatty rat. Metabolism. 

50:963-971, 2001 

Devchand, P.R., Keller, H.,. Peters, J. M., Vazquez, M., Gonzalez, F. J. and Wahli, W. The 

PPARalpha-leukotriene B4 pathway to inflammation control Nature. 384(6604):39-43, 1996 

Diascro, D. D. Jr., Vogel, R. L., Johnson, T. E., Witherup, K. M., Pitzenberger, S.M., Rutledge, S. J., 

Prescott, D. J., Rodan, G. A. and Schmidt, A. High fatty acid content in rabbit serum is responsible 

for the differentiation of osteoblasts into adipocyte-like cells. J.of Bone & Mineral  Res. 



 7

13(1):96-106, 1998 

Dowell, P., Peterson, V., Zabriskie, M. and Leid, M. Ligand induced peroxisome proliferator activated 

receptor α comformation change. J. Biol. Chem. 272:2013-2020.1997 

Edvardsson, U., Alexandersson, M., Lowenhielm, H. B., Nystrom, A., Ljung, B., Nilsson, F. and 

Dahllof, B. A proteome analysisoflivers from obese (ob/ob) mice treated with the PP WY14643. 

Electrophoresis. 20:935-942, 1999 

Ellinghaus, P., Wolfrum, C., Assmann, G., Spener, F. and Seedorf, U. Phytanic acid activates the 

peroxisome proliferator activated receptorα in sterol carrier protein 2-/sterol carrier protein 

x-deficient mice. JBC 274:2766-2772, 1999 

Fajas, L.,Fruchart, J. C. and Auwerx, J. Transcriptional control of adipogenesis. Current Opinion in 

Cell Biology. 10(2):165-73, 1998 

Forman, B. M., Tontonoz, P., Chen, J., Brun, R. P., Spiegelman, B. M.and Evans, R. M. 

15-Deoxy-delta 12, 14-prostaglandin J2 is a ligand for the adipocyte determination factor PPAR 

gamma. Cell. 83(5):803-12, 1995 

Forman, B. M., Chen, J. Evans, R.M.  Hypolipidemic drugs, polyunsaturated fatty acids and 

eicosanoids are ligands for peroxisome proliferator-activated receptors αand δ Proc. Natl.cad. 

Sci. 94: 4312-4317 1997 

Gaillard, D., Negrel, R., Lagarde, M. and Ailhaud, G. Rrequiement and role of AA in the differentiation 

of pre-adipose cells. Biochem .J. 257:389-397.1989. 

Gimble, J. M.., Robinson, C. E., Wu, X., Kelly, K.A., Rodriguez, B.R., Kliewer, S.A., Lehmann, J.M. 

and Morris, D.C. Peroxisome proliferator-activated receptor-gamma activation by 

thiazolidinediones induces adipogenesis in bone marrow stromal cells. Mol.  Pharmacol..  

50(5):1087-94, 1996 

Graves, R. A., Tontonoz, P.and Spiegelman, B. M. Analysis of a tissue-specific enhancer: ARF6 

regulates adipogenic gene expression. Mol. Cell. Biol.12:3313, 1992 

Gregoire, F. M., Smas, C. M. and Sul, H. S. Understanding adipocyte differentiation.  Physiological 

Reviews.  78(3):783-809, 1998 

Guerre-Millo, M., Rouaut, C., Poulain, P., Andre, J., Potout, V., Peter, J. M., Gonzalez, F. L., Fruchart, 

J. C., Reach, G. and Staels, B. PPARα-null mice are protected from high-fat diet-induced insulin 

resistance. Diabetes 50:2809-2814, 2001 

Hashimoto, T., Fujita, T., Usuda, N., Cook, W., Qi, C., Peter, J.M. Gonzalez, J, Yeldandi, A. V. Rao, M. 

S. and Reddy, J. K. Peroxisomal and mitochondroia fatty acid β-oxidation in mic nullizygous for 

both PPARα and peroxisomal fatty acyl-CoA oxidase. J. Bio. Chem. 27:19228-19236. 1999 

Holden, P. R. and Tugwood, J. D. PPARα:role in rodent liver cancer and species differences. J. Mol. 

Endoc. 22:1-8.1999 

Hotamisligil, G. S., Peraldi, P., Budavari, A., Ellis, R., White, M. F. and Spiegelman, B. M. 

IRS-1-mediated inhibition of insulin receptor tyrosine kinase activity in TNF- α  and 

obesity-induced insulin resistance. Science. 271:665-668.1996 



 8

Houseknecht, K. L., Heuvel, J. P. V. Moya-Camarena, S.Y., Portocarrero, C. P. Peck, L. W., Nickel, K. 

P and Belury, M. A. Dietary conjugated linoleic acid normalizes impaired glucose tolerance in the 

Zucker diabetic fatty fa/fa rat. B.B. R. C. 244:678-682, 1998 

Hu, E., Tontonoz, P. and Spiegelman, B. M. Transdifferentiation of myoblasts by the adipogenic 

transcription factors PPAR gamma and C/EBP alpha. Proc. Natl. Acad. Sci. U.S.A.  

92(21):9856-60, 1995 

Issemann, I. and Green, S. Activation of a member of the steroid hormone receptor superfamily by 

peroxisome proliferators  Nature. 347(6294):645-50, 1990  

Jiang, J., Ting, A. T. and Seed, B. PPAR-γagonist inhibit production of monocyte inflammatory 

cytokines. Nature. 391:82-86, 1998 

Kim, J. B.,Wright, H. M ,Wright, M and Spiegelman, B. M. ADD1/SREBP1 activates PPARγ 

through the production of endogeneous ligand  Proc. Natl Acad. Sci. 95: 4333-4337  

Kliewer, S. A., Lenhard, J. M., Willson, T. M., Patel, I., Morris, D.C. and Lehmann, J. M. A 

prostaglandin J2 metabolite binds peroxisome proliferator-activated receptor gamma and promotes 

adipocyte differentiation. Cell. 83(5):813-9, 1995 

Krey, G., Braissant, O., L'Horset, F., Kalkhoven, E., Perroud, M., Parker, M. G. and Wahli, W. Fatty 

acids, eicosanoids, and hypolipidemic agents identified as ligands of peroxisome 

proliferator-activated receptors by coactivator-dependent receptor ligand assay.  Mol. Endocrinol.  

11(6):779-91, 1997  

Lee, S. S., Pineau, T., Drago, J., Lee, E. J., Owens, J. W., Kroetz, D. L., Fernandez-Salguero, P. M., 

Westphal, H. and Gonzalez, F. J. Targeted disruption of the alpha isoform of the peroxisome 

proliferator-activated receptor gene in mice results in abolishment of the  pleiotropic effects of 

peroxisome proliferators. Mol. Cell. Biol.  15(6):3012-22, 1995 

Lehmann, J. M., Moore, L. B., Smith-Oliver, T. A., Wilkison, W. O., Willson, T. M. and Kliewer, S. A. 

An antidiabetic thiazolidinedione is a high affinity ligand for peroxisome proliferator-activated 

receptor gamma (PPAR gamma). J. Biol. Chem..  270(22):12953-6, 1995 

Lehmann, J. M., Lenhard, J. M., Oliver, B. B., Ringold, G. M. and Kliewer, S. A. Peroxisome 

proliferator-activated receptors alpha and gamma are activated by indomethacin and other 

non-steroidal anti-inflammatory drugs. J. Biol. Chem..  272(6):3406-10, 1997  

Leone, T. C.. Weinheimer, C. J., Kelly, D. P. A critical role for the PPARαin the cellular fasting 

response: the PPARα-null mouse as a model of fatty acid oxidation disorders, Proc Natl. Acad. 

Sci. USA 96:7473-7478. 1999 

Lin, Q., Ruuska, S. E., Shaw, N. S., Dong, D and Noy, N. Ligand selectivity of the peroxisome 

proliferator activated receptor α. Biochemistry 38:185-190, 1999 

Loftus, T. M., and Lane, M.D. Modulating the transcriptional control of adipogenesis. Current Opinion 

in Genetics & Development. 7(5):603-8, 1997  

Martin, G., Schoonjans, K., Staels, B. and Auwerx, J. PPAR γ activators improve glucose 

homeoststasis by stimulating fatty acid uptake in the adipocytes. Atherosclerosis. 137:S75-S80, 



 9

1998 

Mori, H. et al. The Pro12-Ala substitution in PPARγis associated with resistance to development of 

diabetes in the general population. Diabetes. 50:891-894, 2000 

Nagy, L., Tontonoz, P., Alvarez, J. G., Chen, H. and Evans, R. M. Oxidized LDL regulates macrophage 

gene expression through ligand activation of PPARgamma. Cell. 93(2):229-40, 1998 

Negrel, R., Gaillard, D. and Ailhaud, G. Prostacyclin as a potent effector of adipose-cell differentiation. 

Biochem . J. 257: 399-405 1989 

Nichols, J. S., Parks, D. J., Conster, T. G. and Blanchard, S. G. Development of a scintillation proximity 

assay for PPARγ ligand binding domain. Anal. Biochem. 257:112-119, 1998 

Palmer, C. N. and Wolf, C. R. Cis-parinaric acid is a ligand for the human peroxisome proliferator 

activated receptor γ: development of a novel spectrophotometric assay for the discovery of PPAR

γ ligands. FEBS Letters 431:476-480, 1998 

Peters J. M., Zhou, Y. C., Ram, P. A., Lee, S. S., Gonzalez, F. J. and Waxma, D.J. PPARαrequired for 

gene induction by dehydroepiandrosterone-3 beta-sulfate. Mol. Pharmacol. 50:67-74, 1996 

Poynter, M. E. and Daynes, R. A. PPARα activation modulates cellular redox status, represses 

nuclear factor-κB signaling, and reduces inflammatory cytokine production in aging. J. Biol. 

Chem. 273:32833-32841, 1998 

Qi, C. and Pekala, P. H. Tumer necrosis factor-α-inducedinsulin resistance in adipocytes. P. S. E. B. M. 

223:128-135, 2000 

Reginato, M. J., Krakow, S. L., Bailey, S. T. And Lazar, M. A. Prostaglandins promote and block 

adipogenesis through opposing effects on pparγ.J Bio. Chem.273:1855-1858.1998. 

Ricote, M., Li, A.C., Willson, T. M., Kelly, C.J. and Glass, C.K. The PPARγis a negative regulator of 

macrophage activation. Nature. 391: 79-82, 1998 

Schoonjans, K., Peinado-Onsurbe, J., Lefebvre, A. M., Heyman, R. A., Briggs, M.,  Deeb, S., Staels, 

B. and Auwerx, J. PPARalpha and PPARgamma activators direct a distinct tissue-specific 

transcriptional response via a PPRE in the lipoprotein lipase gene. EMBO Journal.  

15(19):5336-48, 1996  

Schoonjans, K., Staels, B. and Auwerx, J. The PPARs and their effects on lipid metabolism and 

adipocyte differentiation. Biochim Biophy. Acta.1302:93-109, 1996 

Singh, I. Biochemistry of peroxisome in health and disease. Molecular and Cellular Biochemistry 

167:1-29, 1997 

Souza, S. Yamamoto, M. T., Franciosa, M. D., Lien, P. and Greenberg, A. S. BRL49653 blocks the 

lipolytic actions of TNF-α. Diabetes 47:691-695, 1998 

Teboul, L., Gaillard, D., Staccini, L. Inadera, H.and Grimaldi, P. A. TZD and fatty acidsconverts 

myogenic cells into adipose cells. J Biol Chem 270: 28183-28187.1995 

Tontonoz, P., Graves, R.A., Budavari, A. I., Erdjument-Bromage, H., Lui, M., Hu, E., Tempst, P. and 

Spiegelman, B. M. Adipocyte-specific transcription factor ARF6 is a heterodimeric complex of 

two nuclear hormone receptors, PPAR gamma and RXR alpha. Nucleic Acids Res.  



 10

22(25):5628-34, 1994 

Tontonoz, P., Singer, S., Forman, B. M., Sarraf, P., Fletcher, J. A., Fletcher, C. D., Brun, R. P.,Mueller, 

E.,Altiok, S., Oppenheim, H., Evans, R. M. and Spiegelman, B. M. Terminal differentiation of 

human liposarcoma cells induced by ligands for peroxisome proliferator-activated receptor gamma 

and the retinoid X receptor. Proc. Natl. Acad. Sci. U.S.A.  94 (1): 237-41, 1997  

Tontonoz, P., Nagy, L., Alvarez, J. G., Thomazy, V. A. and Evans, R. M. PPARγpromotes 

monocyte/macrophage differentiation and uptake of oxidizd LDL. Cell.93:241-252, 1998 

Vu-Dac, N., Chopin-Delannoy, S., Gervois, P., Bonnelye, E., Martin, G., Fruchart, J., Laudet, V. and 

Staels, B. The nuclear receptor PPARα and Rev-erbα mediate the species specific regulation of 

apoA-I expression by fibrates. JBC 273:25713-25720, 1998 

Wu, Z., Bucher, N. L. and  Farmer, S. R. Induction of peroxisome proliferator-activated receptor 

gamma during the conversion of 3T3 fibroblasts into adipocytes is mediated by C/EBPbeta, 

C/EBPdelta, and glucocorticoids. Mol. Cell. Biol.  16(8):4128-36, 1996 

Xu, H. E., Lambert, M. H., Montana, V. G., Parks, D. J., Blanchard, S. G., Brown, P. J.,Sternbach, D. D., 

Lehmann, J. M., Wisely, G. B., Willson, T. M., Kliewer, S. A. and Milburn, M. V. Molecular 

recognition of fatty acids by peroxisome proliferator activated receptors. Molecular Cell. 

3:397-403, 1999 

Xue, J.C., Schwarz, E.J., Chawla, A. and Lazar, M.A.  Distict stages in adipogenesis revealed by 

retinoid inhibition of differentiation after induction of PPAR γ Mol Cell Biol 16 1567-1575 

1996 

Zhang, B., Berger, J., Hu, E., Szalkowski, D., White-Carrington, S., Spiegelman, B. M. and Moller, D. 

E.  Negative regulation of peroxisome proliferator-activated receptor-gamma gene expression 

contributes to the antiadipogenic effects of tumor necrosis factor-alpha. Mol. Endocrinol..  10(11): 

1457-66, 1996 

Zhu, Y., Qi, C., Korenberg, J. R., Chen, X. N., Noya, D., Rao, M. S. and Reddy, J. K. Structural 

organization of mouse peroxisome proliferator-activated receptor gamma (mPPAR gamma) gene: 

alternative promoter use and different splicing yield two mPPAR gamma isoforms.Proc. Natl. 

Acad. Sci. U.S.A.  92(17):7921-5, 1995 



Table 1  Relative tissue weight of rats fed experimental diets for 5 wk1 
 Relative liver wt. Relative epididymal fat wt. Relative retroperitoneal fat wt. Relative brown adipose wt. Relative kidney wt. 

 g/100 g body  
LF 3.21 ± 0.32 1.05 ± 0.27* 1.24 ± 0.20* 0.15 ± 0.03 0.88 ± 0.06 
HF 3.37 ± 0.27c 1.35 ± 0.16 a 1.53 ± 0.37a 0.17 ± 0.03 b 0.83 ± 0.06b 
HO 5.69 ± 0.37a 1.14 ± 0.22 b 0.62 ± 0.31c 0.23 ± 0.04 a 0.99± 0.06a 
HFO 4.18 ± 0.36b 1.02 ± 0.26 b 1.14 ± 0.33b 0.20 ± 0.05 ab 1.01 ± 0.07a 
1 Values are means ± SD, n = 8. * denote a significant difference (P<0.05) between LF and HF group which was analyzed by student t-test. The significance of differences 

among HF, HO and HFO groups were analyzed by one-way ANOVA and Duncan’s Multiple Range Test. Values not sharing a superscript letter are significantly different 

(P<0.05). 

 

Table 2  Serum and liver lipids of rats fed experimental diets for 5 wk1 
 Serum lipids Liver lipids 
 Total lipid TG TC NEFA Total lipid TG TC NEFA 
 g/L mmol/L mg/g µmol/g 
LF 6.29 ± 0.87* 1.09 ± 0.40 2.54 ± 0.63 0.48 ± 0.12 34.6 ± 5.3* 25.0 ± 6.5* 34.6 ± 5.3* 22.1 ± 4.6 
HF 5.22 ± 1.14a 0.71 ± 0.19a 2.71 ± 0.79a 0.44 ± 0.07a 53.5 ± 14.3a 40.5 ± 9.9a 53.5 ± 14.3a 24.2 ± 4.7 a 
HO 5.57 ± 1.21a 0.82 ± 0.30a 2.55 ± 0.40a 0.33 ± 0.06b 19.1 ± 9.0b 17.4 ± 10.1b 19.1 ± 9.0b 10.5 ± 3.3 b 
HFO 3.17 ± 0.81b 0.68 ± 0.18a 1.63 ± 0.38b 0.35 ± 0.02b 20.2 ± 4.5b 12.1 ± 5.4b 20.2 ± 4.5b 10.7 ± 1.7 b 
1 Values are means ± SD, n = 8. * denote a significant difference (P<0.05) between LF and HF group which was analyzed by student t-test. The significance of differences 

among HF, HO and HFO groups were analyzed by one-way ANOVA and Duncan’s Multiple Range Test. Values not sharing a superscript letter are significantly different 

(P<0.05). 
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Table 3  Lipid content in retroperitoneal or epididimal fat pad of rats fed experimental diets for 5 wk1 

 Crude fat TG 
 (g/g tissue) (g/tissue) (g/g DNA) (mmol/gtissue) (mmol/tissue) (mmol/gDNA) 

Retroperitoneal fat pad 
LF 0.48 ± 0.05 1.59 ± 0.22 1132 ± 384* 0.49 ± 0.07* 1.60 ± 0.27 1148 ± 421 
HF 0.48 ± 0.03a 2.07 ± 0.71a 2000± 1015a 0.41 ± 0.04a 1.76 ± 0.59a 1664 ± 720a 
HO 0.46 ± 0.05a 0.61 ± 0.48b 585 ± 221b 0.45 ± 0.10a 0.61 ± 0.49b 595 ± 267b 
HFO 0.44 ± 0.07a 1.28 ± 0.67b 1275± 615ab 0.46 ± 0.07a 1.38 ± 0.78a 1365 ± 661a 
Epididymal fat pad 
LF 0.67 ± 0.05 1.97 ± 0.57 1322 ± 387 0.78 ± 0.11 2.28 ± 0.71* 1518 ± 419 
HF 0.73 ± 0.32a 2.76 ± 1.47a 1470 ± 711a 0.86 ± 0.09a 3.18 ± 0.69a 1730 ± 645a 
HO 0.67± 0.03ab 1.77± 0.49ab 854 ± 300b 0.91 ± 0.07a 2.36± 0.55ab 1141 ± 375a 
HFO 0.43 ± 0.22b 1.52 ± 1.12b 1053± 496ab 0.58 ± 0.30b 2.06 ± 1.46b 1429 ± 664a 
1 Values are means ± SD, n = 8. * denote a significant difference (P<0.05) between LF and HF group which was analyzed by student t-test. The significance of differences 

among HF, HO and HFO groups were analyzed by one-way ANOVA and Duncan’s Multiple Range Test. Values not sharing a superscript letter are significantly different 

(P<0.05). 

 



 

 

 

 

Figure 1  The growth curve of rats fed experimental diets for 5 weeks. There was no 
significant difference of body weight gain of rats fed with HO or HFO diet when 
compared with their pair fed controls. 
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Figure 2  The acyl-CoA oxidase (ACO) activity in liver of rats fed experimental 
diets for 5 weeks. The significance of differences among HF, HO and HFO groups 
were analyzed by one-way ANOVA and Duncan’s Multiple Range Test. Values not 
sharing a superscript letter are significantly different (P<0.05). 
 

 

 
Figure 3  The proliferation of peroxisome in liver of rats fed experimental diets for 5 
weeks. A: LF group, B: HF group, C: HO group, D: HFO group. The liver sections 
were stained by DAB and observed under light microscope. 
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Figure 4  The profile of serum glucose change of rats fed experimental diets for 5 
weeks. * indicate a significant difference between HO and HF groups (P<0.05). 
 

 

Figure 5  The concentration of serum insulin and leptin of rats fed experimental diets 
for 5 weeks. The significance of differences among HF, HO and HFO groups were 
analyzed by one-way ANOVA and Duncan’s Multiple Range Test. Values not sharing 
a superscript letter are significantly different (P<0.05). 
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Figure 6  Distribution of sizse of adipocytes from retroperitoneal fat pad of rats fed 
experimental diets for 5 weeks. 
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Figure 7  Distribution of sizes of adipocytes from epididymal fat pad of rats fed 
experimental diets for 5 weeks. 
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Figure 8  DNA content in retroperitoneal or epididymal fat pad of rats fed 
experimental diets for 5 weeks. The significance of differences among HF, HO and 
HFO groups were analyzed by one-way ANOVA and Duncan’s Multiple Range Test. 
Values not sharing a superscript letter are significantly different ( P<0.05). 
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Figure 9  aP2 and LPL mRNA content in retroperitoneal or epididymal fat pad of 
rats fed experimental diets for 5 weeks. Each value was normalized by 18S RNA. 
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計劃成果自評 
結果部分與假設不符，但意外發現炸油似乎有導致胰島素抗性之趨勢，除

了血脂，炸油對體脂肪生成、胰島素敏感性、血糖控制將是未來值得探討方向，

由於炸油成分之複雜及其呈現生理效應之多貌性，不同效應或許歸因於不同成

分。研究成果除可發表學術期刊，未來將有助於食品科技應用開發針對不同保

健需求最有利油炸用油或油炸條件。 


