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Abstract
AIM: To determine whether intra-arterial infusion of 
triolein emulsion has biochemical and histopathologic 
effect on rabbit liver.

METHODS: An emulsion of 0.2 mL triolein in 20 mL 
of saline was infused into either the hepatic arteries of 
nine rabbits (group 1) or the superior mesenteric arter-
ies of 12 rabbits (group 2). Five rabbits infused with 20 
mL of normal saline were used as a control group (group 
3). The serum aspartate aminotransferase (AST) and 
alanine aminotransferase (ALT) levels were measured 
to evaluate liver function in each group just before 
the infusion, at 2 h, day 1, day 4, and day 7 following 
infusion. Each rabbit in all of the groups was infused 
with Evans blue on day 7 to evaluate changes in vas-
cular permeability, and obtain the stained area of the 
hepatic surface. If the stained area was not available, 
the anteroinferior portion of the right hepatic lobe was 
selected. The obtained tissues were examined by light, 
electron and confocal microscopy. The changes in AST 
and ALT levels at each time point were calculated and 
statistically analyzed using a mixed linear model. A p  
value < 0.05 was regarded as statistically significant. 

RESULTS: In group 1 (hepatic artery group), both the 
AST and ALT serum levels increased significantly on 
day 1 (p  = 0.0016 and p  < 0.0001, respectively) com-
pared with the control group, followed by a decrease 
thereafter. In group 2 (portal vein group), the AST level 
increased on day 4 (p  = 0.0095), while the ALT level 
increased significantly on day 1 (p < 0.0001), and de-
creased thereafter, as compared with the control. For 
the remainder of the examination days, there were no 
significant changes in the AST and ALT levels (p > 0.05). 
Only three rabbits in each group showed hepatic sur-
face staining with the Evans blue dye. Light and elec-
tron microscopic findings showed no specific changes 
in the selected hepatic tissues. Confocal microscopic 
examination with transferase-mediated dUTP nick-end 
labeling stain revealed lack of hepatocyte apoptosis in 
any of the groups. There were no differences in the re-
sults between group 1 and group 2.

CONCLUSION: Infusion of triolein emulsion into rab-
bit livers revealed a minimal transient decrease of liver 
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function, and no specific histopathologic changes.
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Core tip: Unlike triolein bolus, the infusion of triolein 
emulsion into a liver did not lead to mechanical ob-
struction of the vessels. In fact, triolein emulsion tran-
siently and reversibly increased the vascular permeabil-
ity, while triolein bolus induced obstruction similar to 
the fat embolism syndrome. This result suggests that 
trioleincould be applicable for adjuvant treatment for 
intractable diseases due to blood barriers (blood-brain, 
blood-retinal, or blood-testis barrier). This study aimed 
to determine potential side effects of triolein emulsion 
infusion into the liver with the sinusoidal capillary prior 
to the application of the technique in the organs with 
blood barrier.
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INTRODUCTION
The capillaries can be classified into three types accord-
ing to their structural characteristics as determined by 
electron microscopy. The type Ⅰ capillaries, also known 
as continuous capillaries, are found in many tissues, in-
cluding muscle, lung, the central nervous system, and 
skin. The type Ⅰ endothelial cells contain a large amount 
of  cytoplasm in relation to the nucleus, fine filaments, 
and numerous pinocytotic vesicles. The pinocytotic 
vesicles have a diameter of  50-70 nm and are most likely 
involved in the transport of  fluid across the capillary 
wall, representing the sites of  the so-called “large-pore” 
system of  capillary permeability. The endothelial cells are 
held together by either simple or interdigitated junctions. 
In most type Ⅰ endothelial cells, a narrow gap exists 
between the opposed cell membranes containing some 
electron-dense material. However, in certain regions, the 
opposed cell membranes fuse to form tight junctions. 
The type Ⅱ capillaries or the fenestral capillaries are com-
monly found in the intestinal mucosa, many endocrine 
glands, the renal glomerulus, and the pancreas. Within the 
fenestral capillary endothelium, the cytoplasm on each 
side of  the nucleus is extremely thin and is perforated 
at intervals by “pores” ranging in diameter from 30-50 
nm. These pores, or circular fenestrations, may be closed 
by a thin diaphragm. The diaphragm, which is thinner 
than the cell membrane, has a complex structure, and its 

chemical composition is unknown. The endothelial cells 
in these capillaries are separated by gap junctions[1]. The 
type Ⅲ or the sinusoids or sinusoidal capillaries are found 
in the liver, the spleen, the bone marrow, and the lymph 
nodes. These capillaries have a luminal diameter much 
greater than that of  normal capillaries. In fact, sinusoids 
may be 30 mm or more in diameter and have irregular, 
tortuous walls. Furthermore, their walls are not formed 
by a continuous layer of  endothelial cells, as in true capil-
laries, and wide gaps (approximately 100 nm in diameter) 
exist between cells. The basal lamina in sinusoids is in-
complete, and there is no morphologic barrier between 
the sinusoids and the perisinusoidal space. Plasma has a 
direct access to the surface of  the liver cell, a structural 
feature of  great functional importance for active meta-
bolic exchange between the liver and the blood[2].

The brain, the eyeball, and the testis are comprised of  
continuous capillaries and specialized blood-organ barri-
ers (the blood-brain barrier, the blood-ocular barrier, and 
the blood-testis barrier, respectively) to protect from pen-
etration of  harmful agents. These barriers can, however, 
be obstacles to drug delivery and can decrease therapeu-
tic drug effects[3-5]. There have been studies attempting to 
open the blood-organ barriers by intra-arterially injected 
triolein emulsion in the brain[6], the eyeball[7], and the tes-
tis[8]. The blood-organ barrier breakdown and increased 
vascular permeability induced by triolein injection ap-
pear as a contrast enhancement on gadolinium-enhanced 
magnetic resonance images[6,8]. Although the increased 
vascular permeability appears immediately after triolein 
injection, and continues for one to three days, it is revers-
ible and reverts to normal after seven days. Furthermore, 
histologic findings appear to be mostly normal, except 
for the mild perivascular swelling[6]. Intra-arterial infusion 
of  a triolein emulsion in the skeletal muscles, which have 
continuous capillaries but no blood-organ barrier, also 
increases vascular permeability without significant histo-
logic changes[9]. These results suggest an adjunctive role 
of  the triolein emulsion in chemotherapy. It is thought 
that if  a drug is infused after a triolein emulsion injec-
tion, not only can one achieve the therapeutic effect with 
a small amount, but one can also enhance the drugs with 
a little therapeutic effect. Prior to clinical use of  triolein 
as an adjunctive drug for chemotherapeutic treatment of  
tumors in the organs with blood barrier (brain, eyeball, or 
testis), it is necessary to study the histologic or functional 
changes in the other body organs into which triolein are 
injected.

The effect of  triolein emulsion on sinusoidal capillar-
ies has not been reported. The sinusoidal capillaries do 
not have a barrier, especially in the liver. Therefore, it is 
expected that the triolein-induced vascular change will 
differ from those of  continuous capillaries in the brain 
or eyeball. The purpose of  this study was to evaluate bio-
chemical and histopathologic effects of  the intra-arterial 
infusion of  triolein emulsion on the liver’s sinusoidal cap-
illaries as a preliminary basis of  future studies.
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MATERIALS AND METHODS
Animal models and intra-arterial infusion with triolein 
emulsion
The Animal Research Committee of  the Medical Re-
search Institution approved all experiments and surgi-
cal procedures. The study included 26 rabbits weighing 
2.1-3.7 kg (average, 2.455 kg) anesthetized with intramus-
cularly-administered ketamine HCL (2.5 mg/kg; Korea 
United Pharm, Inc., Seoul, South Korea) and xylazine 
(0.125 mg/kg; Bayer Korea, Seoul, South Korea) and 
ventilated with room air. The rabbit body temperature 
was measured with a rectal probe (MGA-Ⅲ 219; Shibaura 
Electronics Co. Ltd., Tokyo, Japan) and was maintained 
at 37.0-37.5 ℃.

Following anesthetization, the right femoral artery 
was isolated and ligated with 4-0 silk ties. An 18-gauge 
catheter (Insyte; Becton Dickinson, Sandy, UT, United 
States) was inserted into an artery and a 2.2 F microcath-
eter (Progreat; Terumo, Tokyo, Japan) with a micro-guide 
wire (GT 0.016”; Terumo) was passed through the cath-
eter into the lumen of  an artery. The micro-catheter tip 
was positioned in the abdominal aorta under digital sub-
traction angiography (Multistar TOP; Siemens, Erlangen, 
Germany).

A 1-mL syringe containing 0.2 mL of  triolein (1,2,3-tri 
[cis-9-octadecenoyl]glycerol, 99% purity, d = 0.91 g/
mL; Sigma-Aldrich, St. Louis, MO, United States) and a 
20-mL syringe containing 20 mL saline was connected to 
a 3-way stopcock. The fat emulsion was made by mixing 
via the stopcock using a vigorous to-and-fro movement 
of  the syringes for 2 min. The rabbits were divided into 
two groups [hepatic artery group (group 1, n = 9) and 
portal vein group (group 2, n = 11)] with fat emulsion 
injected into the hepatic artery and the portal vein, re-
spectively. In the control group (group 3, n = 5), 20 mL 
of  saline was infused into the hepatic artery.

Hepatic artery group (group 1)
In nine rabbits, the emulsified fat was infused manually 
into the hepatic artery at a rate of  4 mL/min for 5 min. 
Blood sampling was performed, and the aspartate amino-
transferase (AST) and alanine aminotransferase (ALT) se-
rum levels were checked before and at 2 h, and 1, 4, and 
7 d after infusion to assess liver function changes follow-
ing the infusion of  triolein emulsion. The blood sampling 
before infusion of  triolein emulsion was obtained from 
the femoral artery just before insertion of  a 2.2-F micro-
catheter as a control. The blood samples taken at 2 h, day 
1, and day 4 after the infusion of  triolein emulsion were 
obtained from the ear artery of  each rabbit; the sample 
taken at day 7 after the infusion was taken from the right 
ventricle of  the heart after opening of  the thorax.

For the evaluation of  the permeability change of  the 
hepatic artery or portal vein, 4% Evans blue (1 mL/kg; 
Sigma-Aldrich) was injected intravenously to check the 
presence or absence of  a stained hepatic surface. One 
hour after the injection of  4% Evans blue, the thorax of  

each rabbit was opened, and a small hole was made in the 
right ventricular wall through which blood was drained. 
After inserting an 18-gauge catheter (Insyte) into the left 
ventricle, saline was injected slowly for 2 min, followed by 
injection of  10% formalin for 2 min and a complete re-
placement of  blood with clear saline. The abdominal wall 
was opened to check the presence or absence of  staining 
of  the hepatic surface by Evans blue, and a picture of  the 
hepatic surface was taken by a digital camera.

Portal vein group (group 2)
In 12 rabbits, emulsified fat was injected into the portal 
vein via the superior mesenteric artery. The effect of  the 
triolein emulsion on the liver was compared with the he-
patic artery group (group 1). Injection of  triolein emul-
sion into the superior mesenteric artery was performed 
using the same technique described in group 1.

Control group (group 3)
In the five rabbits designated as controls, 20 mL of  saline 
was infused into the hepatic artery using the same proce-
dure described for group 1.

Histopathologic examinations
The rabbits were infused with Evans blue on day 7 post-
infusion, and the stained areas of  the hepatic surfaces 
were observed. In the absence of  a stained area, the an-
teroinferior portion of  the right hepatic lobe was selected. 
The obtained tissues were then stained with hematoxylin 
and eosin (H and E) and examined by light microscopy.

The sample tissues were cut into 1 mm3 cubes for elec-
tron microscopic examination. The samples were prefixed 
with 2.5% glutaraldehyde in phosphate buffer (PB; pH 7.2) 
for 2 h at 1-4 ℃ and washed in 0.1 mol/L PB. Next, sam-
ples were fixed in 1% OsO4 solution for 2 h and washed 
in 0.1 mol/L PB. After washing, all specimens were 
processed according to a standard procedure through up-
graded alcohols and propylene oxide, and were then em-
bedded in Epon 812 resin (Polysciences, Warrington, PA, 
United States). The resin-embedded blocks were cut into 
1 µm thick sections and stained with toluidine blue. The 
areas of  interest were selected under a light microscope. 
Ultrathin sections were cut with a diamond knife using 
an ultramicrotome (Leica, Wien, Austria) and applied to 
nickel 150 mesh grids. Samples were stained with uranyl 
acetate and lead citrate, and examined with a transmission 
electron microscope (JEM 1200 EX-Ⅱ; JEOL, Tokyo, 
Japan). The presence or absence of  vasogenic or cytotoxic 
edema, as well as the integrity of  the vascular endothelial 
wall, were evaluated.

The samples were examined for apoptosis using a ter-
minal deoxynucleotidyltransferase (TdT)-mediated dUTP 
nick-end labeling (TUNEL) assay. For paraffin sections, 
the tissues were fixed in 4% paraformaldehyde and neu-
tral-buffered formalin. The specimens were dehydrated in 
graded ethanol, embedded in paraffin, and cut into 4 µm 
thick sections on a microtome (Leica, Wetzlar, Germany). 
The paraffin sections were mounted on 3-aminopropyl-
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Statistical analysis of AST and ALT serum levels in each 
group
Statistical analysis of  the data for each group was per-
formed by analysis of  time-series changes. That is, chang-
es in AST and ALT serum levels between before and 2 
h, and 1, 4, and 7 d after triolein injection were measured 
for each group. Both the changes of  median and inter-
quartile range were determined. Statistical analysis of  
these values was performed using a linear mixed model 
after logarithmic transformation. A p value < 0.05 was 
regarded as statistically significant.

RESULTS
AST and ALT serum levels
The mean AST and ALT serum levels in group 1 mea-
sured just before the infusion of  triolein emulsion were 
set as a baseline (46.33 IU/L and 58.78 IU/L, respec-
tively; Table 1). The mean change values for the group 
1 in AST and ALT serum levels 2 h after infusion of  
triolein emulsion showed no statistically significant differ-
ence (p > 0.05). However, the medians of  mean values 
of  changes in the group 1 AST and ALT serum levels 
one day after infusion were 90.00 IU/L and 56.00 IU/L 
(p < 0.0016 and p < 0.0001, respectively), and showed a 
significant increase as compared with the control group. 
There was no difference in the mean values of  changes 
for the group 1 AST and ALT serum levels at day 4 and 
day 7 after infusion as compared with the mean values of  
changes before infusion (p > 0.05; Tables 2 and 3).

The group 2 mean AST and ALT serum levels de-
termined just before infusion of  triolein emulsion were 
taken as baseline values (45.58 IU/L and 38.50 IU/L, re-
spectively; Table 1). As compared with the values before 
triolein infusion, the group 2 median of  mean changes 
showed statistical significance in AST levels at day 4 
(-14.00 IU/L, p = 0.0095) and in ALT levels at day 1 
(16.00 IU/L, p < 0.0001) after infusion. For the remain-
ing examination days, there were no significant changes in 
the group 2 AST and ALT serum levels (p > 0.05; Tables 
2 and 3).

triethoxysilane-coated slides and left overnight at 40 ℃. 
After deparaffinization and rehydration, the sections 
were incubated with proteinase K (20 µg/mL; Roche, 
Indianapolis, IN, United States) for 15 min at room tem-
perature, and rinsed twice with phosphate-buffered saline 
(PBS) for 2 min each. Next, the sections were incubated 
in equilibration buffer for at least 10 s at room tempera-
ture, and thereafter in working strength TdT enzyme for 
1 h at 37 ℃. The sections were shaken about 15 times in 
a coplin jar containing a working strength stop/wash buf-
fer, incubated at room temperature for 10 min, and then 
rinsed three times in PBS for 3 min each. Next, the sec-
tions were incubated with working strength anti-digoxi-
genin conjugate for 30 min in a dark room, followed by a 
3-time rinse with PBS for 3 min each and mounting with 
mounting medium. Finally, the slides were analyzed under 
a Leica TCS confocal laser scanning microscope (Leica).

Table 1  Data of aspartate aminotransferase and alanine aminotransferase in groups 1, 2 and 3

Rabbit AST, IU/L ALT, IU/L

No. Pre 2 h D1 D4 D7 Pre 2h D1 D4 D7
Group 1 (n = 9)
Mean ± SD   46.33 ± 13.86 61.78 ± 20.50 124.33 ± 71.68 30.56 ± 5.36   58.56 ± 21.86 58.78 ± 23.66 59.67 ± 21.15 116.56 ± 53.35 75.78 ± 30.65 30.65 ± 15.45
Group 2 (n = 11)
Mean ± SD 45.58 ± 9.11 50.08 ± 13.13 44.42 ± 16.97   31.18 ± 11.99   37.18 ± 10.01 38.50 ± 14.39 38.00 ± 13.62 57.92 ± 19.96 46.82 ± 16.19 43.73 ± 12.72
Group 3 (n = 5)
Mean ± SD 38.20 ± 9.68 39.40 ± 6.07 45.80 ± 23.41   53.80 ± 19.97 63.20 ± 4.97 52.20 ± 4.21 53.80 ± 6.38 60.20 ± 11.14 62.60 ± 7.16 63.80 ± 13.05

Group 1: Hepatic artery group; Group 2: Portal vein group; Group 3: Control group; D: The day after triolein emulsion was injected into the hepatic artery 
in group 1 and into the portal vein via the superior mesenteric artery in group 2, while D in group 3 represents the day after normal saline was injected 
into the hepatic artery; pre: Before triolein emulsion was injected into the hepatic vessels of a rabbit.AST: Aspartate aminotransferase; ALT: Alanine 
aminotransferase; IU: International units.

Table 2  Group 1, 2, and 3 aspartate aminotransferase 
median and interquartile range and statistical analysis

AST, IU/L Median, IU/L Interquartile range, IU/L

Group 1
(n = 9)
P = 0.0016

2 h  18.00   -5.00-31.00
D1   90.001     16.00-113.00
D4 -14.00   -28.00-(-4.50)
D7    6.00   -6.00-30.50

Group 2
(n = 11)
P = 0.0095

2 h    6.00 -5.00-8.00
D1   -3.00 -11.00-18.00
D4  -14.001   -21.00-(-8.00)
D7   -8.00   -11.00-(-3.00)

Group 3
(n = 5)
P = 0.0355

2 h    1.00 -3.00-5.50
D1    0.00   -3.50-22.50
D4  13.00    3.00-29.50
D7   31.001  13.00-34.00

1Statistical significance at day 1 in group 1 (90.00 IU/L, P = 0.0016 vs 
control group) and at day 4 in group 2 (-14.00 IU/L, P = 0.0095 vs control 
group). Group 1: Hepatic artery group; Group 2: Portal vein group; Group 
3:Control group; D represents the day after triolein emulsion in group 1 
and after normal saline in group 3 was injected into the hepatic artery of a 
rabbit, while D in group 2 represents the day after triolein emulsion was 
injected into the portal vein via the superior mesenteric artery of a rabbit. 
The group 3 shows statistical significance at day 7 (P = 0.0355). AST: 
Aspartate aminotransferase.
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Changes in AST and ALT serum levels before and each 
time after saline injection in the control group are shown 
in Table 1. There was no significant difference in control 
group AST and ALT levels between before and each time 
after saline injection, except for the AST level at day 7 fol-
lowing saline injection (p = 0.0355; Tables 2 and 3).

Gross findings
In 3/9 rabbits of  group 1, the hepatic surfaces were stained 
blue with Evans blue (Figure 1A). The stained area mea-
sured approximately 1 cm × 1 cm to 5 cm × 2 cm. In the 
remaining six rabbits, the hepatic surfaces did not show 
blue staining. The cut surfaces of  all of  the rabbits revealed 
blue-stained hepatic vessels (Figure 1B).

One of  12 rabbits in group 2 was excluded due to 
death on day 4. In three of  the remaining 11 rabbits, the 
hepatic surfaces were stained blue with Evans blue. The 
cut surfaces of  the livers of  all 11 rabbits revealed blue-
stained hepatic vessels.

The hepatic surface after injection of  Evans blue did 
not reveal blue stain in the control group. The cut surface 
of  the liver in the control group showed blue-stained he-
patic vessels.

Histologic findings
All nine rabbits in group 1 had normal livers according 
to results from the H and E staining and the light micro-
scopic examination (Figure 2A). The electron microscopic 
examination showed multiple fat vacuoles within the vas-
cular lumen of  the group 1 rabbits with no evidence of  
interstitial edema. The integrity of  the endothelium was 
well preserved in the rabbits of  group 1 (Figure 2B).

In group 2, all 11 rabbits had normal liver as deter-
mined by H and E staining and light microscopy (Figure 
3A). These rabbits did have multiple fat vacuoles within 

Table 3  Group 1, 2, and 3 alanine aminotransferase median 
and interquartile range and statistical analysis

ALT, IU/L Median, IU/L Interquartile range, IU/L

Group 1 2 h   1.00 -5.50- 5.00
(n = 9) D1  56.001  29.50-84.00
P < 0.0001 D4 20.00    4.00-34.00

D7   3.00   -7.00-10.50
Group 2 2 h   0.00  -4.00-3.00
(n = 11) D1  16.001   12.00-31.00
P < 0.0001 D4   6.00     3.00-11.00

D7   4.00     3.00-11.00
Group 3 2 h   1.00  -1.00-4.50
(n = 5) D1   4.00     2.00-16.00
P > 0.05 D4   7.00     4.00-18.50

D7   6.00     2.50-23.50

1Statistical significance at day 1 in group 1 (56.00 IU/L, P < 0.01 vs control 
group) and group 2 (16.00 IU/L, P < 0.01 vs control group).Group 1: 
Hepatic artery group; Group 2: Portal vein group; Group 3: Control group; 
D represents the day after triolein emulsion in group 1 and normal saline 
in group 3 was injected into the hepatic artery of a rabbit; D in group 2 
represents the day after triolein emulsion was injected into the portal vein 
via the superior mesenteric artery of a rabbit. The group 3 (control group) 
shows no significant difference (P > 0.05, not significant) at each time after 
saline injection. ALT: Alanine aminotransferase.

Figure 1  Gross findings of the hepatic surface from a rabbit in group 1 
after Evans blue staining. A: Anterior surface of the right lobe shows blue 
staining; B: Cut surface of the liver shows blue-stained hepatic vessels.

Figure 2  Histologic findings in the portal area from a rabbit in group 1. A: 
Light microscopic finding shows no specific abnormality in the hepatocytes and 
sinusoids (H and E, × 200); B: Electron microscopic finding shows multiple fat 
vacuoles (arrows) within the vascular lumen. However, there is no evidence of 
interstitial edema. The integrity of the endothelium is well preserved.

A

B

A

B

100 mm
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the vascular lumen, as determined by the electron micro-
scopic examination, with no evidence of  vasogenic or 
cytotoxic edema. The integrity of  the endothelium was 
well preserved in the rabbits of  group 2 (Figure 3B). The 
confocal microscopic examination after TUNEL staining 
revealed no evidence of  apoptosis in the hepatocytes of  
both group 1 and group 2 (Figure 4A, B).

The control group rabbits exhibited normal findings 
in hepatic lobules, hepatocytes, portal veins, bile cana-
liculi, and sinusoids upon light microscopic examination 
after H and E staining. The electron microscopy results 
showed absence of  both vasogenic and cytotoxic edema, 
and a well preserved vascular wall. The confocal micros-
copy results revealed no evidence of  apoptosis of  the 
hepatocytes in the control group (Figure 4C).

DISCUSSION
In the present study, a triolein emulsion was infused ei-
ther into the hepatic artery (hepatic artery group; group 
1) or the portal vein via superior mesenteric artery (portal 
vein group; group 2). The changes in hepatic function 
were evaluated biochemically and histopathologically 
for seven days. In group 1, AST and ALT levels were in-
creased significantly on day 1 and decreased thereafter. In 
group 2, the AST level increased on day 4, while the ALT 
level increased significantly on day 1 and decreased there-
after. When the rabbits were sacrificed and stained with 
Evans blue on day 7 after triolein infusion, only three 
rabbits in each group had their hepatic surfaces stained. 

The light microscopic and electron microscopic findings 
showed no specific change in the selected hepatic tissue 
for either of  the groups. All of  the rabbits, regardless of  
their grouping, did not show apoptosis in their hepato-
cytes, as determined by the confocal microscopic exami-
nation after TUNEL staining. There were no statistical 
differences in the results from groups 1 and 2. These 
results suggest that triolein emulsion (0.2 mL triolein in 
20 mL of  saline) infused into the rabbit liver does not 
cause significant changes in hepatic function or structure. 
Of  note, hepatic function can be momentarily affected 
following triolein infusion, resulting in an increase in 
AST and ALT levels. This tendency has been reported 
in previous studies involving triolein emulsions in which 
infusion of  triolein emulsion into the carotid artery led 
to reversible changes in increased vascular permeability[6]. 
Thus, increased vascular permeability or tissue edema 

Figure 4  Confocal microscopic images of the central area of rabbit liver 
with transferase-mediated dUTP nick-end labeling staining. A: Representa-
tive group 1 liver specimen shows no evidence of hepatocyte apoptosis. The 
two small dots with green staining represent apoptotic blood cells within the 
sinusoid (× 400); B: Representative group 2 liver specimen shows no evidence 
of apoptosis in the hepatocytes; C: Representative group 3 liver specimen re-
veals no evidence of hepatocyte apoptosis. The highly fluorescent signals that 
highlight intensely stained scattered diffuse nuclei are white blood cells within 
the sinusoids (× 400).
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Figure 3  Histologic findings in the portal and central area from a rabbit 
in group 2. A: Light microscopic finding shows no specific abnormality in the 
hepatic artery, hepatocytes, sinusoids or central hepatic veins (HE, × 200); B: 
Electron microscopic finding shows multiple fat vacuoles (arrows) within the 
vascular lumen. However, there is no evidence of interstitial edema. The integ-
rity of the endothelium is well preserved.
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worsened on the day of  examination or day 1, and then 
decreased in subsequent days, returning to normal by day 
7[6]. These findings are similar to the clinical reports on the 
fat embolism syndrome, in which the patient’s condition 
worsened on day 1 after onset of  fat embolism syndrome 
only to revert to normal[10]. Thus, triolein emulsion causes 
symptoms related to increased vascular permeability with 
symptoms being transient.

When triolein emulsion is infused into a vessel, it can 
cause increased vascular permeability appearing as lesional 
enhancement by contrast material on imaging studies[6-8]. 
The increase in vascular permeability reverts to normal 
over time and histopathologic examinations reveal no 
permanent changes. The embolized lesions induced by 
triolein emulsion show no significant difference in cere-
bral hemodynamics from the contralateral normal side[11]. 
Also, on magnetic resonance spectroscopic examination, 
cerebral fat embolism induced by a triolein emulsion re-
sults in no significant changes in the major metabolites of  
the brain[12]. However, fat emboli, unlike other emboli, are 
fluid and deformable, with the ability to penetrate capillar-
ies. As the fat emboli penetrate capillaries, they break up 
into smaller globules. After a temporary hold-up in sys-
temic capillaries, the emboli pass into veins and return to 
the lung. The cycle gets repeated again and again, resulting 
in the globules becoming smaller and smaller until they 
are no longer embolic. As the globules approach micron 
size, the phagocytic systems in the liver and elsewhere 
readily remove them from the blood[10]. Thus, fat emboli 
can reach the heart and lungs under continuous perfusion 
pressure from the heart, thereby entering the systemic cir-
culation and gaining a potential to affect other organs.

The portal vein and hepatic artery provide the liver 
with a dual blood supply. Blood flows through the sinu-
soids and empties into the central vein of  each lobule 
and the hepatic veins, which leave the liver and empty 
into the inferior vena cava. The portal vein carries ve-
nous blood drained from the nutrient rich alimentary 
tract. Most of  the substances from the alimentary tract 
are transferred to the liver via the portal vein, except 
lipids that are carried via the lymphatics. The liver breaks 
down or modifies toxic substances. Histologically, the 
liver consists of  hepatic lobules. A hepatic lobule is 1-2 
mm in diameter and consists of  a roughly hexagonal ar-
rangement of  hepatocytic plates radiating outward from 
a central vein. Portal triads are regularly distributed at the 
vertices of  the lobule containing a bile duct and branch-
es of  the hepatic artery and hepatic portal vein. A portal 
lobule has at its center a portal triad, with three central 
hepatic veins peripherally adjacent. The blood of  the 
liver flows through the sinusoids and empties into the 
central vein of  each lobule and the hepatic veins[2]. Since 
the hepatic damage is related to the vascular supply, it is 
important to study changes to the hepatocytes adjacent 
to the sinusoids. Unlike the brain, testis, and orbit, which 
have blood-organ barriers, the liver has no barriers 
between the sinusoids and adjacent tissues. Therefore, 
one may assume that a triolein injection into the liver 

would result in considerable histological and biochemi-
cal changes. Contrary to the expectation, however, no 
significant changes were found in the present study. 
The results in this study suggest that the injection of  a 
triolein emulsion into the hepatic artery, or portal vein 
may not lead to histopathologic changes of  the liver if  
the volume of  infused triolein is controlled. Therefore, 
although used as an adjunctive drug in chemotherapeutic 
treatment of  cancer patients, a triolein emulsion may not 
damage the liver histopathologically.

Apoptosis, the process of  programmed cell death, 
is a result of  irreparable cellular damage. Living organ-
isms use this control mechanism to maintain their in-
ternal states within certain limits. The TUNEL reaction 
identifies the presence of  either single-strand or double-
stranded breaks in genomic DNA[13]. Presence of  a fluo-
rescent color on the confocal microscopic examination 
after TUNEL staining is indicative of  apoptosis. In the 
present study, there was no evidence of  apoptosis of  the 
hepatocytes, suggesting that the triolein emulsion did not 
affect the homeostasis of  hepatocytes.

A limitation of  the current study was that only a single 
triolein volume was used (0.2 mL of  triolein in 20 mL of  
normal saline). The previous studies involving trioleine-
mulsions[6,11] used 0.05 mL or 1 mL of  infused triolein in 
20 mL of  saline. It is thought that the vascular perme-
ability may be associated with infused triolein volume, but 
there have been no studies on the correlation between 
the volume of  infused triolein and vascular permeability. 
Therefore, it is necessary to determine the proper volume 
of  infused triolein that minimizes the effect on the tis-
sue, while increasing the vascular permeability as desired. 
Another limitation was that the mechanism of  a transient 
rise in the AST level could not be unveiled. The third 
limitation involved the difficulty in comparing the AST 
and ALT levels of  the experimental groups and the nor-
mal ranges due to the low number of  rabbits in the con-
trol group. The fourth limitation was inability to directly 
demonstrate to what degree the vascular permeability was 
increased after infusion of  the triolein emulsion into the 
hepatic artery or portal vein. This limitation can be over-
come with computed tomography.

In conclusion, infusion of  triolein emulsion (0.2 mL 
triolein in 20 mL of  saline) into rabbit livers resulted in a 
minimal and transient decrease of  hepatic function, and 
no specific histopathologic changes. These results will be 
useful in future studies of  triolein emulsion in the liver.

COMMENTS
Background
Infusion of the triolein emulsion into the arteries transiently increased vascular 
permeability of the vessels with blood barrier in the brain, testis, and retina with-
out significant histopathologic change. Intra-arterial infusion of a triolein emul-
sion in the skeletal muscles, which have continuous capillaries and no blood-
organ barrier, also increased vascular permeability without significant histologic 
changes.
Research frontiers
A triolein emulsion may be used as an adjunctive drug for chemotherapy. It is 
thought that if a drug is infused following a triolein emulsion injection, the thera-
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peutic effect can be achieved with a small amount of the drugs. Furthermore, 
triolein emulsion seems to enhance drugs with little therapeutic effect. Prior to 
clinical use, as an adjunctive drug for chemotherapy, it is necessary to determine 
the potential histologic or functional changes triolein may induce in other body 
organs into which it is injected. The effect of triolein emulsion on sinusoidal capil-
laries has not been previously reported. Since no barrier exists around sinusoidal 
capillaries, especially in the liver, one may expect the triolein-induced vascular 
changes to differ from those of continuous capillaries in the brain or eyeball.
Innovations and breakthroughs
Infusion of triolein emulsion into arteries transiently increases vascular perme-
ability in the vessels with blood barrier in the brain, testis and retina, with no 
significant histopathologic change. Intra-arterial infusion of a triolein emulsion 
in the skeletal muscles, which have continuous capillaries and no blood-organ 
barrier, also increases vascular permeability without significant histologic 
changes. However, fat emboli are fluid and deformable, and can penetrate 
capillaries. Thus, fat emboli can reach the heart and lungs under continuous 
perfusion pressure from the heart, thereby entering the systemic circulation and 
gaining the potential to affect other organs. There has been no report evaluating 
the effect of triolein emulsion on the vessel with the sinusoidal type of capillar-
ies, such as in the liver. Infusion of triolein emulsion (0.2 mL triolein in 20 mL of 
saline) into the rabbit livers caused a minimal and transient decrease of hepatic 
function, with no specific histopathologic changes.
Applications
The study results suggest that an infusion of triolein emulsion produces a 
minimal and transient effect, without specific histopathologic changes on the si-
nusoidal capillaries, and these findings may be useful in future triolein emulsion 
studies for adjuvant chemotherapeutic treatment of tumors.
Terminology
Triolein, a triglyceride composed of three oleic acids, is the most important con-
stituent fatty acid of the neutral fat in the long bone. It has been reported that 
triolein is connected with a breakdown of the blood-brain barrier in fat embolism 
syndrome.
Peer review
This manuscript investigated the effect of intra-arterial infusion of triolein emul-
sion on rabbit liver. The authors showed that infusion of triolein emulsion into 
rabbit livers manifested a minimal transient effect on the alanine aminotransfer-
ase and aspartate aminotransferase levels and produced no significant effect 
on liver histology. These results, although primarily descriptive, may provide a 
preliminary basis for further studies regarding the intra-arterial infusion of tri-
olein emulsion.
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