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Abstract: In this study, we evaluated the effectiveness of isoprothiolane in preventing fatty liver in dairy cows. Eight
pregnant Holstein cows with high body condition scores were studied. Four cows were administered isoprothiolane via
feed at 10 g/day/head from 21 days before delivery (treated group), while the remaining four cows received no treatment
(non-treated group). Liver samples from both groups were obtained 21 days before delivery and 2 days following
delivery. No accumulation of lipid droplets in hepatocytes was observed in any cows prior to delivery. Following
delivery, the accumulation of lipid droplets in hepatocytes was significantly reduced in the treated group compared to the
non-treated group. The number of mitochondria per unit area was also significantly smaller in the treated group than in the
non-treated group. Blood and biochemical test results from cows in the treated group showed an increase in mGOT levels
and stable intrahepatic ATP production. These results suggest that isoprothiolane treatment intensified beta-oxidation in
liver mitochondria, thereby activating the TCA cycle and maintaining intrahepatic ATP production.
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INTRODUCTION
Fatty liver is one of themost common lipid metabolism
disorders in dairy cows. Fatty liver is associated with various
periparturient diseases such as ketosis, abomasal
displacement, astasia, mastitis, reproductive disorders, and
placental retention [1-5].
Cows exhibit significant changes in energy status during
the periparturient period. Early lactation is characterized by a
negative energy balance, due to both increased energy
requirements and decreased feed consumption. To
compensate for the shortage in energy, triglycerides (TGs) in
the body’s fatty tissues are degraded, and resultant non-ester
free fatty acids (NEFAs) are mobilized to the liver, where
they are metabolized for energy in two major pathways [6].
In one pathway, NEFAs are resynthesized into TGs in
hepatocytes. These TGs, together with phospholipids,
cholesterol and apolipoprotein B-100, are then transformed
to a very low-density lipoprotein (VLDL) subclass that is
secreted from the liver to circulating blood. In the other
pathway, NEFAs undergo beta-oxidation in the mitochondria
and peroxisomes of hepatocytes, and are transformed to
acetyl CoA. The TCA cycle then utilizes acetyl CoA to
synthesize ATP as an energy source for the body. However,
if recruitment of NEFAs exceeds the processing capacity of

the liver, VLDL synthesis is down-regulated, and lipid
droplets accumulate in hepatocytes – resulting in fatty liver
[7, 8]. This lipid accumulation in hepatocytes also hinders
the normal TCA cycle, resulting in an increase in the
production of ketone bodies [1], and can physically damage
cytoplasmic organelles, including mitochondria [9, 10]. A
decrease in blood vitamin A concentration is thought to be
one of the factors responsible for lipid metabolism disorders
[4], via the activation of stellate cells and subsequent
thickening of the sinusoidal basement membrane [11, 12].
Various isoprothiolane preparations have been used
effectively to treat carbon tetrachloride poisoning in heifers
[13]. Administration of malotilate, an isoprothiolane analog,
has been reported to increase mitochondrial activity and ATP
production, and to accelerate the improvement of liver
function in rats [14]. While isoprothiolane has been used for
a long time in Japan, its mechanism of action remains to be
clarified. Therefore, the aim of this study was to determine
the effect of isoprothiolane on fatty liver in dairy cows.
MATERIALS AND METHODS
All animal procedures were approved by the Ethics
Committee and the Institutional Animal Use and Care
Committee of Rakuno Gakuen University, Ebetsu, Japan.
Animals and Experimental Design
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Eight pregnant Holstein cows with a body condition
score of 3.5 or more and their second calving or more were
used in this study. The cows were divided equally into
isoprothiolane-treated and non-treated groups and the
expected date of delivery was determined. Diisopropyl 1,3dithiolan-2-ylidenemalonate
(CAS
No:
50512-35-1,
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Isoprothiolane, Nihon Nohyaku Co., Ltd., Osaka, Japan) at a
dose of 10 g/day/head in feed was given once daily to the
treated group, starting on day 21 of the pre-parturient period
(Pre 21) and continuing until calving. The dose of 10
g/day/head was based on the findings of a previous study
[14].
Biopsy liver samples were collected from each group on
day Pre 21 and day 2 of the post-parturient period (Post 2)
following the method described by Mohamed et al. [15].
Blood samples were collected from the jugular vein of each
cow prior to daily feeding at days Pre 21, Post 2 and Post 14.
Blood and serum samples were stored at -80oC until used for
general blood biochemical tests.
Transmission Electron Microscopy
In preparation for examination by transmission electron
microscope (TEM; JEM-1220, JEOL, Tokyo, Japan),
biopsied liver samples were cut into small pieces of
approximately 1 mm3, immersed in 2.5% glutaraldehyde in
0.1 M phosphate buffer (pH 7.4), and then post-fixed in
1.0% osmium tetroxide. The samples were dehydrated and
embedded in Quetol 812 (Nissin EM, Tokyo, Japan),
sectioned with a diamond knife, and then stained with
uranium acetate and lead citrate to facilitate the observation
of hepatocytes. Five cells per observation for a total of five
fields of each sample were randomly selected in order to
calculate the percentage of the hepatocyte occupied by lipid
droplets, and the number of mitochondria per unit area (100
μm2) [16]. For the histochemical TEM analysis, liver
samples were cut into small pieces and immersed in a
solution of 4.0% paraformaldehyde-0.5% glutaraldehyde in
0.1 M phosphate buffer, with a pH of 7.4. LR-White (London
Resin Company Ltd, Berkshire, England) was used as the
embedding
medium.
We
used
periodic
acidthiocarbohydrazide-silver protein-physical development (PATCH-SP-PD) staining, which reacts with glycosaminoglycans
in the basal lamina [17]. The thickness of the basement
membrane underlying the sinusoidal endothelium was measured
by TEM for each sample [16].
Blood and Biochemical Tests
A general blood biochemical test and measurement of the
serum concentration of vitamin A (VA) were performed by
MEDICA JAPAN CO., LTD (Saitama, Japan). Serum glutamic
oxaloacetic transaminase (sGOT) and mitochondrial GOT
(mGOT) were measured using an automatic analyzer (JCBBM8060, JEOL, Tokyo, Japan). Very low-density lipoprotein
Table 1.

(VLDL) and high-density lipoprotein (HDL) levels were
measured using liquid chromatography [18]. Biochemical
analysis of intrahepatic ATP production (nmol/g tissue) was
performed using an ATP Bioluminescence Assay kit (Roche
Diagnostics, Tokyo, Japan) [19].
Statistical Analysis
The results are expressed as mean ± SD. Statistical
analyses were performed using analysis of covariance
(ANCOVA) or Scheffé’s test (p<0.05).
RESULTS
Morphological analyses of the liver samples are shown in
Table 1. On day Pre 21, no lipid droplets were observed in
the hepatocytes of cows in either the treated or non-treated
groups. By day Post 2, lipid droplets had accumulated in the
hepatocytes of cows in both groups (Fig. 1), but the area of
the hepatocyte cytoplasm taken up by lipid droplets was
significantly smaller in the treated group (3.6% ± 1.27)
compared with the non-treated group (10.5% ± 2.59). The
number of mitochondria significantly decreased from day
Pre 21 to day Post 2 in the treated group, but remained
constant in the non-treated group, meaning that, on day Post
2, liver samples of cows in the treatment group contained
significantly fewer mitochondria than those from the nontreated group. The day Pre 21: day Post 2 ratio of
mitochondria per 100 μm2 was 0.65 in the treated group and
1.03 in the non-treated group. The basement membrane
(BM) underlying the sinusoidal endothelium is shown in Fig.
(2). The thickness of the BM increased significantly from
day Pre 21 to day Post 2 in both groups; however, no
significant difference was observed between the two groups.
BM thickness increased by 17.5% between days Pre 21 and
Post 2 in the treated group, and by 24.7% in the non-treated
group.
Blood and biochemical data, including VLDL, HDL,
sGOT, mGOT, VA, and intrahepatic ATP production, are
shown in Table 2. VLDL and HDL levels were high on day
Pre 21 but decreased in the post-parturient period in both
group, although elevated HDL levels were observed at day
Post 14 in the treated group. sGOT levels increased
gradually in both groups throughout the study. mGOT levels
were higher in the treated group on days Post 2 and Post 14,
while VA levels were also higher in the treated group. ATP
production was lower in the treated group on day Pre 21, but
the levels were similar between the two groups on days Post
2 and Post 14.

Morphological Analysis Data of Liver
Treated Group

Parameters

Non-Treated Group

Note

Pre 21

Post 2

*Ratio

Pre 21

Post 2

*Ratio

0

3.6 ± 1.27

3.6

0

10.5 ± 2.59

10.5

1

Number of Mitochondoria(/ 100 μm )

38.9 ± 3.01

25.2 ± 1.48

0.65

37.3 ± 3.17

38.5 ± 2.47

1.03

2

Thikenes of Basement Membrane (nm)

58.9 ± 2.50

69.2 ± 2.96

1.17

55.8 ± 3.67

69.6 ± 3.06

1.25

3

Lipid area (%)
2

Mean ± SD = P < 0.05.
*: Ratio of between Pre21 to Post2 in same group
1: Significantly between treated to non-treated group
2: Significantly between pre 21 to post 2 in only treated group
3: Significantly between pre 21 to post 2 in both group
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Fig. (1). Change in hepatocyte morphology between the pre-and post-parturient periods. a: treated group, b: non-treated group. 1: day 21 in
the pre-parturient period, 2: day 2 in the post-parturient period. Bar = 2 mm. a-1: No lipid droplets evident in the hepatocyte cytoplasm. a-2:
Lipid droplets () have accumulated in the hepatocyte cytoplasm. The arrows indicate swollen mitochondria. The number of swollen
mitochondria in the treated group was much lower compared to that in the non-treated group. b-1: No lipid droplets evident in the hepatocyte
cytoplasm. b-2: Lipid droplets () have accumulated in the hepatocyte cytoplasm. Abnormally-shaped mitochondria were observed (arrows),
caused by pressure from accumulated lipid droplets.

a-1

a-2

b-1

b-2

Fig. (2). Ultrastructure of the basement membrane underlying the sinusoidal endothelium, as visualized by periodic acid-thiocarbohydrazidesilver protein-physical development staining. Thickening of basement membranes in the post-parturient period in both treated and nontreated groups was more prominent than that in the pre-parturient period. Bar = 400 nm. a: treated group, b: non-treated group, 1: day 21 in
the pre-parturient period, 2: day 2 in the post-parturient period. Arrowheads indicate the basement membrane.
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Blood and Biochemical Parameters

Parameters

Treated Group

Non-Treated Group

Pre 21

Post 2

Post 14

Pre 21

Post 2

Post 14

VLDL

16.7±4.90

0.89±1.04

1.66±1.54

20.1±7.11

0.39±0.11

1.65±1.49

HDL

87.6±29.85

74.03±22.32

122.7±23.44

78.76±12.67

65.81±11.0

80.2±13.03

s-GOT(U/l)

58.30±8.53

77.30±15.19

113.5±18.48

59.4±21.14

85±13.28

112.4±83.4

mGOT(U/l)

2.00±0.82

2.50±0.58

3.2±1.89

1.7±1.10

1.3±0.84

2.5±0.55

Vitamin A(lU/dl)

34.20±6.11

22.00±5.48

25.2±6.41

21.6±11.31

10.4±1.01

14.2±6.55

ATP(nmol/g)

45.20±10.97

38.40±8.76

37.5±9.60

57.2±10.80

41.2±6.87

38.2±4.57

Mean ± SD = P < 0.05.

DISCUSSION
Fatty liver is morphologically defined as an accumulation
of triglycerides (TGs) in hepatic parenchymal cells. In this
study, we found that after delivery, the area within
hepatocytes occupied by lipid droplets in the isoprothiolanetreated group (3.6 ± 1.27%) was much smaller than that in
the non-treated group (10.5 ± 2.59%), suggesting that
isoprothiolane reduced the severity of fatty liver.
Furthermore, the number of mitochondria – the organelle
responsible for producing ATP from fat metabolism –
decreased significantly between the pre- and post-parturient
periods in the treated group, while in the non-treated group it
increased slightly.
This marked difference suggests that isoprothiolane has
an effect on the number of mitochondria available to
maintain cellular energy levels through ATP production.
Therefore, the maintenance of mitochondria in the treated
group would promote efficient ATP production, which
barely occurred in the non-treated group as indicated by the
substantial increase in mitochondrial count. It has previously
been reported that administration of malotilate, an
isoprothiolane analog, increases mitochondrial activity and
ATP production in the rat liver [14]. In dairy cows,
isoprothiolane is also likely to stimulate ATP synthesis by
inducing the capacity for beta-oxidation of NEFAs in liver
mitochondria, as well as their further degradation in the TCA
cycle. In this study, ATP recovery levels in hepatocytes of
the treated group (82.9%) were much higher than that in the
non-treated group (66.7%).
Although sGOT and mGOT enzymes can be generally
used as indicators of liver inflammation, mGOT
concentration increases only in the presence of necrotic
damage to the liver [20]. Interestingly, sGOT levels on day
Post2 were lower in the treated group than in the non-treated
group, while the opposite was observed for mGOT. It can
therefore be speculated that the administration of
isoprothiolane in dairy cows with fatty liver increases liver
mitochondria activity, and, furthermore, that over-activation
of mitochondria can result in increased mGOT levels and a
reduction in the number of mitochondria. A substantial
number of swollen mitochondria with larger cristae were
observed during the post-parturient period in the treated
group, a phenomenon that has been attributed to the overactivation of mitochondria [21, 22]. Taken together, these
results suggest that in the fat metabolic pathway, beta-

oxidation in mitochondria was activated by isoprothiolane
and ATP production was increased through stimulation of
the TCA cycle. This further promoted the metabolism of a
substantial amount of fat recruited to the liver, and reduced
the accumulation of lipid droplets in hepatocytes.
In the post-parturient period on day 14, the treated group
demonstrated an increase in VLDL and a significant increase
in HDL compared with the non-treated group. These results
suggest that increased mitochondrial function facilitates
overall fat metabolism.
It has been reported that cows with fatty liver and low
serum VA concentration exhibit a reduction in the size of
cytoplasmic lipid droplets in stellate cells, and thickening of
the BM underlying the sinusoidal endothelium [23]. In this
study post-parturient VA concentration dropped significantly
in the non-treated group, and the VA concentration in the
treated group remained higher than in the non-treated group
throughout the study period. In addition, the treated group
showed less thickening of the BM after delivery compared
with the non-treated group. Thus, isoprothiolane may have
the potential to increase the secretion of VA from the liver,
allowing serum VA levels to be maintained and resulting in
reduced thickening of the BM.
Based on the difference between the treated and nontreated groups demonstrated by this study in terms of
morphological changes and the degree of hepatic fat
accumulation, it can be hypothesized that treatment with
isoprothiolane stimulates fatty acid catabolism in the livers
of dairy cows and may therefore be effectively used for the
prevention of fatty liver in these animals.
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