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ABSTRACT: Parenteral fish oil lipid emulsion (FOLE) might mitigate inflammation 28	

after injury. Acute pancreatitis (AP) can occur following major surgery and is 29	

characterized by tissue and systemic release of inflammatory mediators that 30	

contributes to the systemic inflammatory response syndrome and multiple organ 31	

failure. AIM: We evaluated the effect of short-term FOLE infusion before 32	

experimental induction of AP on systemic cytokine and lung eicosanoid profiles. 33	

METHODS: Lewis rats (n=72) received parenteral infusion of FOLE (FO group) or 34	

saline (SS group), or remained without parenteral infusion (CG group) for 48 hr. 35	

Thereafter, AP was induced by retrograde injection of sodium taurocholate into the 36	

pancreatic duct. Animals were sacrificed after 2, 12 and 24 hr. Blood and lung 37	

samples were collected to assess serum inflammatory cytokines (Luminex) and 38	

tissue eicosanoids (ELISA), respectively. RESULTS: Serum TNF-α increased over 39	

time and serum IL-10 decreased from 12 to 24 hr in CG group. In SS group serum 40	

TNF- increased from 12 to 24 hr (p = 0.039) and serum IL-10 decreased over 41	

time. Both CG and SS groups exhibited increased IL-6/IL-10 ratio (p=0.040). From 42	

12 to 24 hr animals from FO group showed decreased serum IL-1 (p<0.001), IL-4 43	

(p<0.002) and IL-6 (p=0.050), and a trend towards increased IL-10 (p=0.060). All 44	

experimental groups showed a trend towards increased PGE2 and decreased LTB4 45	

in the lung at 24 compared with 12 hr. CONCLUSION: Parenteral infusion of FOLE 46	

for 48 hr before the induction of experimental AP appears to favorably influence the 47	

cytokine response without affecting lung eicosanoids at the time points measured. 48	

The use of FOLE to prevent and treat AP following major surgery needs to be 49	

further explored.  50	
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INTRODUCTION 56	

Up to 10% of patients who receive traumatic insults, including complex 57	

types of gastrointestinal surgery or long periods of pancreatic ischemia during 58	

extensive cardiovascular surgery and cardiopulmonary bypass, may develop 59	

acute pancreatitis (AP)1-3. Procedures involving the handling and infusion of 60	

contrast agents in the common bile or pancreatic ducts, such as retrograde 61	

cholangiopancreatography, may also cause AP with an incidence ranging from 5 62	

to 40% of patients4-6. Once initiated, AP contributes to increased morbidity and 63	

mortality, and its severity is related to the degree of injury and the severity of the 64	

associated systemic inflammatory response 7.  65	

The inflammatory response plays a key role in development of AP and in 66	

the systemic complications of the disease (such as pancreatitis-associated lung 67	

injury), which are a main cause of mortality7. Clinical and experimental studies 68	

suggest that inflammatory cytokines are essential mediators of the 69	

pathophysiology of AP. Activation of polymorphonuclear granulocytes and 70	

monocytes, associated with release of the pro-inflammatory cytokines interleukin 71	

(IL)-1, IL-6 and tumor necrosis factor alpha (TNF-α) in the pancreatic 72	

parenchyma, is an early event during the development of AP and has been shown 73	

to contribute to the severity of the disease 7. 74	

Nutrients with anti-inflammatory effects, including n-3 polyunsaturated fatty acids 75	

(PUFAs), have been studied in AP with the aim of minimizing the inflammation and 76	

improving clinical outcome8-12. Fish oil is a source of the n-3 PUFAs 77	

eicosapentaenoic acid (EPA) and docosahexaenoic acid (DHA). EPA competes 78	
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with the n-6 PUFA arachidonic acid (AA) in the cyclooxygenase 2 (COX-2) 79	

pathway to produce odd-series eicosanoids with a lower pro-inflammatory potential 80	

than those of even-series derived from AA13,14. In turn, a change in eicosanoid 81	

production can influence other aspects of the inflammatory response including 82	

leukocyte infiltration and cytokine production14. Furthermore, n-3 PUFAs can 83	

reduce inflammatory cytokine production through non-eicosanoid related effects on 84	

the pathways that lead to activation of inflammatory cytokine production 14. Finally, 85	

EPA and DHA give rise to mediators that are now recognised to play a central role 86	

in resolution of inflammation15.  87	

The anti-inflammatory effects of n-3 PUFAs rely upon their incorporation 88	

into the membrane phospholipids of inflammatory cells13-15. Intravenous (i.e. 89	

parenteral) administration of fish oil lipid emulsion (FOLE), as source of n-3 90	

PUFAs, results in faster incorporation of these fatty acids into cell membranes 91	

compared to when they are administrated enterally16. Thus it is possible that the 92	

parenteral route may be advantageous in achieving modulation of inflammation by 93	

n-3 PUFAs in a short time. Therefore, the present study evaluated the impact of 94	

parenteral infusion of FOLE before the induction of experimental AP in rats on 95	

systemic and lung inflammatory mediator levels. We hypothesised that animals 96	

receiving FOLE would show a lower burden of inflammatory mediators. 97	

 98	

 99	

 100	

 101	
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METHODS 102	

 103	

Animals 104	

Seventy-two adult male Lewis isogenic rats (300-350 g) were purchased from the 105	

Multidisciplinary Center for Research in Biological Science Laboratory Animal Area 106	

(Campinas, Sao Paulo, Brazil). Prior to the experimental procedures, the animals 107	

were adapted for 5 days in metabolic cages at a controlled room temperature (22 ± 108	

2°C) with a 12-h light–dark cycle and with free access to standard rodent chow 109	

(Nutrilav, Quimtia, Jundiaí, Brazil) and water. All experimental procedures were 110	

approved by the Research Ethical Committee, School of Medicine, University of 111	

Sao Paulo, Sao Paulo, Brazil. 112	

 113	

Intravenous access 114	

Animals were anesthetized by the intraperitoneal injection of ketamine (100 mg/kg 115	

of body weight; Parke-Davis, Ache, São Paulo, Brazil) and xylazine (8 mg/kg of 116	

body weight; Bayer, Leverkusen, Germany). Intravenous access was achieved by 117	

jugular central venous catheterization (CVC) that was performed according to a 118	

standard technique and by using a specific catheter that allows its connection to a 119	

gyratory swivel apparatus, which ensured free mobility for the animals17. One 120	

group of animals did not receive any intravenous infusion for 48 hr (CG group). The 121	

delivery of a total daily volume of 6 ml was controlled across all groups with a 122	

volumetric infusion pump (Colleague® - Baxter, California, USA). For that purpose, 123	

the SS infusion bags were prepared by adding a total of 6 ml of 0.9% saline 124	
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solution, while the FOLE infusion bags were prepared by adding 0.4 g/kg body 125	

weight of FOLE (1 mL - Omegaven® 10%) plus 5 ml of saline solution. All animals 126	

had free access to standard oral diet and water ad libitum during this period.  127	

 128	

Experimental acute pancreatitis  129	

After 48 hr of intravenous access, all animals were anesthetized with an 130	

intraperitoneal injection of ketamine (100 mg/kg of body weight) and xylazine (8 131	

mg/kg of body weight). The pancreas was exteriorized through an abdominal 132	

incision and the pancreatic duct catheterized using polyethylene tubing PE-50 133	

(Biotechnological). AP was then induced by retrograde injection of 0.1 ml 3% 134	

sodium taurocholate solution (Sigma Chemical), according to a standard 135	

technique18. Following AP induction, animals were sacrificed after 2, 12 and 24 hr 136	

by cardiac puncture for blood collection, after being properly anesthetized. Lung 137	

samples were collected from the animals sacrificed after 12 and 24 hr. 138	

 139	

Serum cytokine measurements  140	

Blood samples were centrifuged at 1,000 x g at 4°C for 10 min to isolate serum. 141	

Concentrations of IL-1, IL-2, IL-4, IL-6, IL-10, and TNF-α were assessed in 500 µl 142	

serum by immunoassay multiplex microspheres, using a commercial kit for rats 143	

(07-65K RECYTMAG, Genesis Ltd., Missouri, USA). Plates were read in a 144	

Luminex analyzer (Luminex, MiraiBio, Alameda, CA), according to the 145	

manufacturer's instructions19.   146	

 147	
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Eicosanoid measurements 148	

Lungs were washed in PBS and frozen in liquid nitrogen before storage at -80ºC 149	

for later analysis. Lungs were homogenized in phosphate buffered saline (PBS, 150	

100 mg tissue/mL) and the concentrations of leukotriene B4 (LTB4), prostaglandin 151	

E2 (PGE2), thromboxane B2 (TB2) and lipoxin A4 (LXA4) were determined by using 152	

commercially available ELISA kits, according to the manufacturer’s protocols 20.  153	

 154	

Fatty acid measurements 155	

Lipids were extracted from plasma and homogenized lungs with chloroform: 156	

methanol (2:1) and phospholipids were isolated by thin layer chromatography using 157	

a mixture of hexane: ethyl ether: acetic acid (90: 30: 1), according to the method of 158	

Folch et al 21. Fatty acid methyl esters were prepared by incubation with 140 g/L of 159	

methanol and boron trifluoride at 80°C for 60 min. Subsequent to the extraction 160	

process, the fatty acid methyl esters were dried and separated by gas 161	

chromatography (Shimadzu Model GC-2010) with flame ionization detection, and 162	

an Omegawax 250 (Supelco) column. The operating conditions of the column 163	

corresponded to an initial temperature of 180°C (1 min) and then 270°C (5 min), 164	

with a total run time of 36 min. Fatty acid methyl esters were identified and 165	

quantified by comparison with external standards.  166	

 167	

 168	

Statistical analysis 169	
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Data were analysed using SPSS 18.0 for Windows software (SPSS, Chicago, IL, 170	

USA). They were analysed by Kruskal-Wallis test and multiple comparisons 171	

between the groups were carried out with the Behrens-Fisher test. Lipid mediator 172	

concentrations were analysed with the statistical software R 3.1.0 (Core Team, 173	

2014). The nime package was used to adjust the statistical models. In all cases a 174	

value for P < 0.05 was taken to indicate a significant didfference.     175	

 176	

RESULTS   177	

Serum cytokine concentrations 178	

Kinetics of serum cytokines for SS, FOLE and CG groups are shown in Figure 1. 179	

Both SS and FOLE groups exhibited an acute increase of IL-1 (FOLE; 12 versus 2 180	

hr p = 0.010), but IL-1 was then significantly decreased only in FOLE group at 24 181	

hr (24 versus 12 hr p < 0.001). However, IL-1 concentrations did not differ between 182	

experimental groups at any time point. All groups presented increased serum IL-2 183	

concentrations over time with no difference between them. In FOLE group, serum 184	

IL-4 concentrations were lower at 24 hr than at 12 hr (p < 0.002), and serum IL-6 185	

was higher at 12 hr than at 2 hr (p = 0.006) and then decreased from 12 to 24 hr (p 186	

= 0.050). Serum TNF-α concentrations increased over time in all groups, but the 187	

increase was smallest in FOLE group. Serum concentrations of IL-10 decreased 188	

from 2 to 12 hr in both SS (p = 0.002) and FOLE (p = 0.010) groups, and from 12 189	

to 24 hr in both SS (p = 0.008) and CG (p = 0.007) groups. FOLE group presented 190	

a trend towards increased concentrations of IL-10 at 24 compared with 12 hr (p = 191	

0.060). Finally, the IL-6/IL-10 ratio increased with time in all three groups (Figure 192	
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2). This ratio was higher at 24 hr than at 2 hr in SS and CG groups (p=0.04), but 193	

not in FOLE group (figure 2).  194	

 195	

 196	

Lung eicosanoid concentrations 197	

Lung eicosanoid concentrations are shown in Figure 3. All groups presented 198	

similar decreased concentrations of LTB4 (p = 0.010) and increased concentrations 199	

of PGE2 (p < 0.010) from 12 to 24 hr. There were no differences between groups. 200	

Concentrations of TXB2 and LXA4 did not change from 12 to 24 hr, although FOLE 201	

group showed a weak trend towards lower TXB2 concentration at 24 compared 202	

with 12 hr (p = 0.30).  203	

 204	

Serum and lung fatty acids  205	

FOLE and SS groups presented higher serum DHA levels at 2 hr (FOLE; p = 0.02; 206	

SS p = 0.01) and higher lung EPA levels at 12 hr (FOLE; p = 0.020; SS p = 0.010), 207	

compared to CG group. There were no differences between groups for serum EPA 208	

or lung DHA (p > 0.05). The ratio EPA/AA in lung at 12 hr after AP was higher in 209	

FOLE (p= 0.036) and SS (p=0.001) compared to CG group. The ratio DHA/AA did 210	

not demonstrate statistical differences between groups (figure 4). 211	

 212	

DISCUSSION  213	

This study investigated the effect of intravenous FOLE in an experimental 214	

model of AP with the underlying hypothesis being that isolated infusion of FOLE 215	

would reduce the burden of inflammatory mediators. The work is of clinical 216	
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relevance because AP is a serious medical condition in which poor outcome is 217	

linked with an excessive inflammatory response1-3,7. The experimental design 218	

allowed an evaluation of the effect of prior parenteral infusion of FOLE on the 219	

kinetics (2, 12, 24 hr) of systemic cytokines after the induction of AP in rats as the 220	

main marker of the inflammatory intensity of disease.  221	

An experimental model of AP induced by retrograde injection of sodium 222	

taurocholate in the biliopancreatic duct in rats has been important for 223	

understanding the modulation of inflammation resulting from acute pancreatic 224	

injury 18. From these experiments, it has become evident that an initial release of 225	

pro-inflammatory cytokines occurs two hours after trauma induction 22,23. In rats 226	

with AP induced by 4% sodium taurocholate, an increase of pro-inflammatory 227	

cytokines is also observed later (e.g. 12 and 24 hours after the insult of pancreatic 228	

injury) 24. Our findings suggest that administration of FOLE prior to induction of AP 229	

may favorably modulate systemic cytokine levels from a period beyond 12 hr after 230	

the induction. 231	

Current evidence supports that n-3 PUFAs, particularly EPA and DHA found 232	

in fish oil, can attenuate inflammation and can therefore prevent or treat diseases 233	

with an inflammatory component 14,15. Moreover, experimental studies and clinical 234	

trials have shown that parenteral infusion of lipid emulsions (LEs) containing fish oil 235	

can affect the synthesis of immune mediators in an inflammatory environment, 236	

including eicosanoids and inflammatory cytokines 8-12.  237	

FOLE used as a supplement to parenteral nutrition has been shown to exert 238	

a favorable effect on the systemic inflammatory response in experimental acute 239	
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pancreatitis, particularly when compared to parenteral infusion of soybean oil lipid 240	

emulsion rich in omega-6 fatty acids13.  241	

Recently, a LE containing only fish oil has been infused alone in 242	

experimental studies, but also in some clinical trials, as a pharmacological agent to 243	

modulate the immune response. In preliminary clinical studies, the isolated infusion 244	

of LE containing only fish oil was safe and well tolerated and also effective in 245	

decreasing clinical severity and/or inflammatory markers in surgical and septic 246	

patients25,26. Despite omega-3 fatty acids showing a promising role as a 247	

pharmaconutrient, few studies have explored the impact of pure infusion of FOLE 248	

on the acute inflammatory response.  249	

Thus n-3 PUFAs may be able to lower the risk of developing AP in 250	

susceptible patients or may be able to treat already established AP. In order to use 251	

n-3 PUFAs effectively in such an acute setting, rapid incorporation of such fatty 252	

acids would be desirable. Parenteral infusion of fish oil allows faster incorporation 253	

of n-3 PUFAs into plasma and blood cells than seen with enteral 254	

supplementation16. Thus intravenous administration would be preferred over 255	

oral/enteral.  256	

After 2 hours of AP induction, there was an increase in DHA but not in EPA 257	

in serum and, after 12 hours an increase in EPA but not DHA in lung tissue. 258	

Unexpectedly, we detected the presence of the n-3 fatty acids EPA and DHA in the 259	

other two studied groups, particularly in the SS group. It is likely that the presence 260	

of n-3 fatty acids in the standard oral diet enriched with omega-3 fatty acids (0.19% 261	

per kg) may partially explain these findings. Serum represents fatty acids being 262	

transported to cells and tissues and being made available for use, while lung 263	
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represents the composition of the cells present which will include both lung and 264	

infiltrating inflammatory cells. Thus the different pattern of n-3 PUFA incorporation 265	

seen may reflect the differences in composition of transport and functional pools 266	

and may also relate to use of fatty acids from these pools as part of the 267	

inflammatory process itself. In our study, the ratio of EPA/AA was more favorable 268	

in the FOLE and SS groups. 269	

Immediately after onset of pancreatic tissue injury, the release of pro-270	

inflammatory mediators such as IL-1, -2, -6, -8 and TNF-α occurs. The increase of 271	

these inflammatory cytokines is followed by the release of anti-inflammatory 272	

mediators such as IL-10. Our data illustrate these changes with a generalised 273	

increase in serum concentrations of IL-1 and -2 and TNF- and a decrease in 274	

serum IL-10 and an overall increase in inflammatory burden as demonstrated by 275	

the increasing ratio of IL-6 to IL-10.  There was also a time-dependent increase in 276	

the AA-derived lipid mediator PGE2 in lung tissue. 277	

The stress response of trauma is characterized by the initial release of high 278	

amounts of the pro-inflammatory cytokines IL-1 and TNF-α, which are primarily 279	

responsible for the production of other cytokines such as IL-6, the main cytokine 280	

responsible for the acute phase response7,14,15. In the current study, the TNF- 281	

response was blunted in the group receiving FOLE. In addition, 24 hr after AP the 282	

animals treated with FOLE showed decreased serum IL-1 and IL-6 concentrations 283	

compared to the earlier timepoint (12 hr) and showed a strong trend towards an 284	

increase in concentration of the anti-inflammatory IL-10.  285	
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These findings are in concordance with previous clinical studies evaluating 286	

the effect of parenteral regimens containing FOLE on inflammatory markers. In 287	

these studies patients with severe pancreatitis receiving LEs containing FO 288	

showed decreased levels of C-reactive protein (CRP), an acute phase response 289	

protein mainly stimulated by IL-6 9-11. In addition, patients with severe AP receiving 290	

a fish oil containing lipid emulsion exhibited higher plasma IL-10/TNF-α ratio in 291	

comparison to the control group12.  292	

It is important to highlight that the beneficial effects of FOLE in modulating 293	

the inflammatory response were seen during the period of 12 to 24 hr and that 294	

earlier in the response (2 to 12 hr) the changes in the cytokine profile were similar 295	

to those seen in the SS group. Thus, FOLE was advantageous later in the 296	

inflammatory response, perhaps reflecting an active role of n-3 PUFAs in resolution 297	

of inflammation.  298	

In experimental studies22,23, intravenous volume replacement with saline 299	

solution, especially in hypertonic concentration, suggests the favorable modulation 300	

of local and systemic inflammatory responses. In rats subjected to AP, the infusion 301	

of saline solution, at two concentrations of 0.9% and 7.5% reduced the serum 302	

concentrations of IL-6 and TNF-α 2 hours after induction of AP24. In the present 303	

study, the concentrations of pro-inflammatory cytokines in the SS group did not 304	

change significantly at 2 and 12 hours after the induction of AP. However, we 305	

found an increase of serum TNF-α and a reduction of the anti-inflammatory IL-10 in 306	

the SS group when compared to the later periods of 12 to 24 hours. 307	

The strong trend seen towards an increase in concentration of IL-10 seen at 308	

24 hr compared with 12 hr in the FOLE group may be important because of the 309	
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anti-inflammatory role of this cytokine. Interestingly this effect mirrors a finding from 310	

an earlier clinical trial of a LE including FO in patients with AP11. The authors found 311	

benefits in the FOLE group with increased plasma levels of EPA, and a significant 312	

increase IL-10 in relation to the control group who received an n-6 rich LE.  313	

Some cases of AP are associated with systemic organ disease. In 314	

particular, pulmonary injury is a potentially devastating complication of AP and 315	

COX-2 plays a role in its development 27. Consistent with this, we observed an 316	

increase in the COX-2 metabolite PGE2 in lungs at 24 compared with 12 hr. 317	

However, another COX-2 metabolite TXB2 was not altered between these time 318	

points while the 5-lipoxygenase metabolite LTB4 decreased and the pro-resolving 319	

15-lipoxygensase metabolite LXA4 was unchanged. These different patterns may 320	

in part reflect that we did not assess eicosanoid concentrations at the 2 hr time 321	

point.  The increase in PGE2 and decrease in LTB4 seen from 12 to 24 hr may 322	

reflect a partitioning of arachidonic acid towards the COX-2 rather than the 5-323	

lipoxygenase pathway and this could be due to greater induction of COX-2 than 324	

lipoxygenase in this model.  325	

Presently, FOLE did not affect arachidonic acid-derived eicosanoid concentrations 326	

in the current study. This finding is similar to the findings of Killian et al. who 327	

reported no differences in the concentrations of prostaglandins and leukotrienes in 328	

pancreatic tissue between rats receiving infusions of saline or LEs rich in n-6 or n-9 329	

fatty acids 8. Actually, the potential anti-inflammatory effects drove by changes in 330	

eicosanoids levels after parenteral infusion of fish oil seem more related to a 331	

decrease in AA-derived / EPA-derived eicosanoids ratios induced by an increase of 332	
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eicosanoids derived from EPA, than a decrease of the absolute amount of those 333	

derived from AA 28. 334	

Clinical trials have reported that peri- or post-operative infusion of parenteral 335	

regimens containing LEs providing FO compared to standard LE rich in omega-6 336	

FA in surgical patients can decrease post-operative levels of inflammatory 337	

cytokines (IL-1, IL-6 and TNF-α) and arachidonic acid derived eicosanoids 338	

25,26,29,30. These effects have been linked to clinical benefits. The current study also 339	

suggests a single role for FOLE in controlling inflammation in AP. Considering that 340	

serum levels of inflammatory mediators can be used as a prognostic factor in AP7,, 341	

our findings suggest a potential benefit in using the isolated infusion of FOLE to 342	

modulate the systemic cytokine profile and potentially control the course of AP 343	

intensity. However a limitation of the current study is that the FOLE was provided 344	

prior to initiation of AP. It will be important to evaluate the effect of FOLE in 345	

modulating inflammation when administration is started soon after initiation of AP. 346	

Another limitation of the current study is that no metabolic or behavioural changes 347	

in the animals were assessed.  348	

In summary, parenteral infusion of FOLE for 48 hr before the induction of 349	

experimental AP appears to favorably influence the cytokine response without 350	

affecting lung eicosanoids at the time points measured. The use of FOLE to 351	

prevent and treat acute pancreatitis following major surgery needs to be further 352	

explored.  353	
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Figure 1: Serum cytokine concentrations (pg/ml) in rats treated with different 478	

intravenous infusions prior to the induction of acute pancreatitis. 479	

 480	

 481	

 482	

 483	

 484	

 485	

 486	

 487	

 488	

 489	

 490	

 491	

 492	

 493	

 494	



24 
 

 495	
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 504	

 505	

 506	

 507	

 508	

 509	

Legend - SS: saline solution; FOLE: fish oil lipid emulsion; CG: control group. 510	

A: IL-1 expression (#FOLE; p= 0.01) and (*FOLE; p= 0.0006); B: IL-2 expression 511	

(*CG; p= 0.0017); C: IL-4 expression (*FOLE; p= 0.0019); D: IL-6 expression 512	

(#FOLE; p= 0.005) and (*FOLE; p= 0.05); E: IL-10 expression (#FOLE; p= 0.01); 513	

(#SS; p= 0.002) and (*FOLE; p= 0.06); (*SS; p= 0.008); (*CG; p= 0.007); F: TNF-α 514	

expression (#CG; p= 0.001) and (*SS; p= 0.03); (*CG; p= 0.005). The symbols “#” 515	

and “*” represent different mean values from 2 hours compared to 12 hours and 516	

from 12 hours compared to 24 hours.  517	
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Figure 2: Serum ratio of IL-6 to IL-10 concentration in rats treated with different 525	

intravenous infusions prior to the induction of acute pancreatitis. 526	

 527	

 528	

 529	

 530	

Legend - SS: saline solution; FOLE: fish oil lipid emulsion; CG: control group. 531	

2A: IL-6/IL-10 ratio (*SS; p= 0.04) and (*CG; p= 0.04). The symbol “*” represents 532	

different mean values from 2 hours compared to 24 hours.  533	
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Figure 3: Lung eicosanoid concentrations (pg/ml) in rats treated with different 540	

intravenous infusions prior to the induction of acute pancreatitis. 541	
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 558	

Legend - SS: saline solution; FOLE: fish oil lipid emulsion; CG: control group. 559	

3A: LTB4 levels (*SS, *FOLE, *CG; p<0.05); 3B: PGE2 levels (*SS, *FOLE, *CG; 560	

p<0.05). The symbols “*” represent different mean values from 12 hours compared 561	

to 24 hours.  562	

 563	

Figure 4: Serum (2 hr) and lung (12 hr) fatty acids (% of total fatty acids) in rats 564	

treated with different intravenous infusions prior to the induction of acute 565	

pancreatitis. 566	
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 582	

 583	

 584	

 585	

Legend - SS: saline solution; FOLE: fish oil lipid emulsion; CG: control group. 586	

4A: DHA serum (*SS and *FOLE; p<0.05); 4B: EPA lung tissue (*SS; p= 0.001) 587	

and (*FOLE; p=0.020); 4C: Ratio EPA/AA (*SS; p=0.001) and (*FOLE; p=0.036); 588	

4D: no changes. The symbol “*” represents different or the same mean values 589	

between groups. 590	

 591	


