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Abstract

Project Code : TRG4580002
Project title . Effect of oral administration of propylene glycol on hepatic

gluconeogenesis In dairy cows

Investigators : 1. Dr. Theera Rukkwamsuk Kasetsart University
2. Dr, Apassara Choothesa Kasetsart University
3. Dr. Theo Wensing Utrecht University

E-mail Address : theera.r@ku.ac.th

Project Perlod : 1 year (July 2002 to June 2003)

Twenty-three Holstein Friesian cows were randomly allocated into 2

groups, a control group of 8 cows and a treated group of 13 cows that were drenched

with 400 ml of propylene glycol once daily from 7 {6 t 4) days before anticipated
calving date until 7 days after calving. At -1, 2, and 4 wk from parturition, blood samples

were collected from all cows for determination of serum glucose, non-esterified fatty

acid, B-hydroxybutyrate. and total cholesterol concentrations; and biopsied liver
samples were collected from all cows for determination of triacylglycerol and glycogen
concentrations. At all intervals, hepatic fructose 1,6 bisphosphatase activities were also
measured. Milk yields were recorded daily. Compared with the concentrations at -1 wk,
serum glucose concentrations decreased sharply at 2 and 4 wk, and the concentrations
did not differ between the two groups at all intervals. Serum non-esterified fatty acid
concentrations did not differ between the two groups at -1 wk, the concentrations at 2
wk Increased 269% and 118% for control and treated groups, respectively. The
concentrations were higher at 2 and 4 wk for control group than for treated group.
Serum ﬁ-hydroxybutyrate concentrations did not differ between the two groups at -1 wk,
the concentrations increased after calving and were higher for control than for treat
group at 2 wk. At all intervals, serum cholesterol concentrations did not differ between
groups, the concentrations were higher at 4 wk that at -1 and 2 wk for both groups.
Triacylglycerol concentrations in the liver increased 245% at 2 wk in the control group,
but only 125% in the treated group. At -1 wk, hepatic triacylglycerol concentrations did
not differ between the two groups; however, the concentrations were higher at 2 and 4
wk for the control group than for the treated group. Hepatic glycogen concentrations

decreased at 2 wk when compared with the concentrations at -1 wk; however, the
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concentrations did not differ between the two groups at ail intervals. Hepatic fructose

1,6 bisphosphatase activities did not change throughout the experimental period in both
groups, and the activities were similar in both groups at all intervals. Average 30-d milk
yields were 29.1 £ 5.3 and 30.2 T 4.1 kg/d for control and treated groups, respectively,
and the milk yields did not differ between the two groups of cows. Our results indicated
that dairy cows drenched with propylene glycol at a dosage of 400 ml/cow/day coﬁld
improve negative energy balance and could alleviate a massive mobilization of fat,
consequently lower triacylglycerol accumulation in the liver. Though propylene glycol did
not seem to increase hepatic glucoenogenesis, it could be suggested that increased
ruminal propionate by propylene glycol administration raises blood insulin concentrations,
and this phenomena could Inhibit lipolysis in adipose tissue. In conclusion, propylene
glycol giving between 7 days before expected calving date and 7 days postpartum could
be used in practices to alleviate fatty liver problems and their consequences in

postparturient dairy cows.

Key words: dairy cow, fatty liver, gluconeogenesis, propylene glycol
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Table 1. Descriptions of control and experimental cows.

Drenching
Cow Age at start exp.  305-d-yield Dry period period
Group number (year) (kg) (day) (day)
Control 512 2.85 7160 53 -
523 2.80 6835 82 -
532 277 6925 55 .
537 2,75 6524 58 -
9043 3.63 6601 57 -
9084 3.29 5260 56 -
9154 3.06 5733 47 -
9160 3.05 6355 67 -
9205 292 7320 59
Average - 3.1 6523.7 58 -
s.d. - 0.29 666.5 10 -
Treated 520 2.80 7265 52 7
521 2.80 7162 53 9
539 2.74 5972 63 20
9034 368 6185 55 11
9099 3.23 6641 60 16
9113 317 7862 52 8
9126 3.13 7415 53 10
9138 3.10 5534 54 10
9148 3.07 6840 57 14
9165 3.03 6971 56 13
9189 296 6169 57 14
9197 294 7246 59 16
5199 2.93 5972 59 16
9204 292 7471 55 12
Average 3.04 6764.6 56.1 12.6
s.d. - 0.24 695.7 a3 37
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Table 2. Composition of total mixed rations (TMR) as fed basis.

Ingredient Dry period Transition period Lactating pericd
kg as fed

PCL-3' 13

PCL-P’ 2.0

PCL-F 3.8

Wet brewer grain 8.0 7.0 10.0

Corn silage 8.0 125 12.5

Peanut hay 2.0 6.0 6.0

Rice straw 3.5

Cassava chips 1.0 13

Whole cotton seed 0.6 2.0

Ground corn 1.0

Molasses 1.0 0.5 05

Premixes 0.5 0.5 1.0

1Consisting of 33.0% soybean meal, 27% canola meal, 22,.5% wheat bran, 11% dried
brewer grain, 4.1% limestone, and 2.4% salts.

2Ccmsisting of 54.5% soybean meal, 15.0% canola meal, 13.0% dried brewer grain,
11.0% corn gluten meal, 4.7% salts, and 1.8% biophos.

3Consis.ting of 50.0% soybean meal, 27.0% corn gluten meal, 14.0% canola meal, 5.5%

dried brewer grain, 1.9% salts, and 1.6% limestone.
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Day from parturition
Figure 1. Comparison of milk yield during the first 30 d of lactation between controi

cows (D; n = 9) and cows that were drenched with propylene glycol (.; n = 14). Data
are means (1 SEM),
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Liver triacyigiycerol concentrations

Figure 2. Comparison of triacylglycerol concentrations in the liver measured before and

after parturition between control cows (D; n = 9) and cows that were drenched with

propylene glycol (.; n = 14). Data are means (1t SEM). Asterisks indicate the time

during which the different in mean concentrations of triacylglycerol in the liver was

significant (P < 0.05) between control cows and cows drenched with propylene glycol.
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Weosk from parturition
Figure 3. Comparison of glycogen concentrations in the liver measured before and after
parturition between control cows (D; n = 9} and cows that were drenched with

propylene glycol (.; n = 14). Data are means (£ SEM).
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Figure 4. Comparison of glicose concentrations in the serum measured before and
after parturition between control cows (D; n = 9) and cows that were drenched with

propylene glycol (.; n = 14). Data are means (t SEM).

- -l
[] o
o™ (-]
i

Serum NEFA concentrations (mEqit.}
-]
o
(-]

o
N
@

M

-1 2 4
Waek from parturition

Figure 5. Comparison of non-esterified fatty acids (NEFA) concentrations in the serum

measured before and after parturition between control cows (D; n = 9) and cows that

were drenched with propylene glycol (.; n = 14). Data are means (X SEM). Asterisks
indicate the time during which the different in mean concentrations of NEFA in the

serum was significant (P < 0.05) between control cows and cows drenched with

propylene glycol.
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Figure 6. Comparison of B«hydroxybutyrate concentrations in the serum measured
before and after parturition between control cows (D; n = 9) and cows that were
drenched with propylene glycol (.; n = 14). Data are means (- SEM). Asterisks
Indicate the time during which the different in mean concentrations of B-hydroxybutyrate

in the serum was significant (P < 0.05) between control cows and cows drenched with

propylene glycol.
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Figure 7. Comparison of total cholesterol concentrations in the serum measured befors
and after parturition between control cows (D; n = 8) and cows that were drenched

with propylene glycol (ll; n = 14). Data are means (£ SEM).
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Figure 8. Comparison of activities of fructose 1,6 bisphosphatase (FBPase) in the liver

measured before and after parturition between control cows (D; n = 9} and cows that

were drenched with propylene glycol (.; n = 14). Data are means (X SEM),
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*Faculty of Veterinary Medicine, Kasetsart Universtiy, Kampangsaen,
Nakhon-Pathom 73140, Thailand

tPakthongchai Dairy Farm, Nakhonrachasrima, Thailand

TUtrecht University, Utrecht, The Netherlands

ABSTRACT

Twenty-three Holstein Iriesian cows were randomly allocated into 2 groups; a
control group of 9 cows and a ireated group of 13 cows that were drenched with 400
ml of propylene giycol once daily from 7 (6 = 4) days before anticipated calving date
until 7 days afier calving. At -1, 2, and 4 wk from parturition, blood samples were
collected from all cows for determination of serum glucose, non-esterified faity acid,
B-hydroxybutyrate, and total cholestero! concentrations; and biopsied liver samples
were collected from all cows for determination of triacylglycerol and glycogen
concentrations. At all intervals, hepatic fructose 1,6 bisphosphatase activities were
also measured. Milk yields were recorded daily. Compared with the concentrations at
-1 wk, serum glucose concentrations decreased sharply at 2 and 4 wk, and the
concentrations did not differ between the two groups at all intervals. Serum non-
esterified fatty acid concentrations did not differ between the two groups at -1 wk, the
concentrations at 2 wk increased 269% and 118% for control and treated groups,
respectively. The concentrations were higher at 2 and 4 wk for control group than for
treated group. Seruin P-hydroxybutyrate concentrations did not differ between the two
groups at -1 wk, the concentrations increased after calving and were higher for control
than for treat group at 2 wk. At all intervals, serum cholesterol concentrations did not
differ between groups, the concentrations were higher at 4 wk that at -1 and 2 wk for
both groups. Triacylglycerol concentrations in the liver increased 245% at 2 wk in the
control group, but only 125% in the treated group. At -1 wk, hepatic triacylglycerol
concentrations did not differ between the two groups; however, the concentrations
were higher at 2 and 4 wk for the control group than for the treated group. Hepatic
glycogen concentrations decreased at 2 wk when compared with the concentrations at
-1 wk; however, the concentrations did not differ between the two groups at all
intervals. Hepatic fructose 1,6 bisphosphatase activities did not change throughout the
experimental period in both groups, and the activities were similar in both groups at
all intervals. Average 30-d milk yields were 29.1 + 5.3 and 30.2 + 4.1 kg/d for control
and treated groups, respectively, and the milk yields did not differ between the two
groups of cows. Our results indicated that dairy cows drenched with propylene glycol
at a dosage of 400 ml/cow/day could improve negative energy balance and could
alleviate a massive mobilization of fat, consequently lower triacylglycerol
accumulation in the liver. Though propylene glycol did not seem to increase hepatic
glucoenogenesis, it could be suggested that ruminal propionate raises blood insulin
concentrations, and this phenomena could inhibit lipolysis in adipose tissue. In
conclusion, propylene glycol giving between 7 days before expected calving date and
7 days postpartum could be used in practices to alleviate fatty liver problems and their
consequences in postparturient dairy cows.

mﬁmmnamuﬂﬁ‘uwumﬁ{u




nuﬁota’iuﬁn’ii‘u;‘ulﬂﬂ

Key words: dairy cow, triacylglycerol, histopathology, liver

Abbreviation key: NEB = negative energy balance, NEFA = non-esterified fatty
acid, TAG = triacylglycerol(s),

INTRODUCTION

Dairy cows usually go into a period of energy shortage or negative energy
balance (NEB) during periparturient period because feed intake of the cows during
that period cannot always provide sufficient energy to meet their requirements
(Rukkwamsuk et al., 1999a), Thus, the energy supply must be derived from lipolysis
and proteolysis. Lipolysis in adipose tissue raises the concentration of non-esterified
fatty acids (NEFA) in the blood (Rukkwamsuk et al., 1998). The mobilized NEFA
are absorbed by the liver, which are metabolized to yield CO, and water or are re-
esterified to triacylglycerols (TAG) (Bruss, 1993). The TAG are secreted from the
liver in the form of very low density lipoproteins. Evidence exist that more intensive
lipolysis as occurring in cows with severe NEB, plasma NEFA concentrations
increase more substantially, resulting in hepatic lipidosis or fatty liver (Van den Top
et al, 1995, Rukkwamsuk et al., 1998, Rukkwamsuk et al., 1999c). It is well
documented that negative energy balance or fatty liver has adverse effects on health,
production, and reproduction .in dairy cows, partly due to some consequences of
intensive lipolysis causing fatty liver or hepatic lipidosis (Gerloff et al., 1986; West,
1990; Rukkwamsuk et al., 1999b; Rukkwamsuk et al., 1999d),

Several researches have tried to alleviate the accumulation of TAG in the liver
of periparturient dairy cows using different methods. For example, a 14-day
intravenous infusion of glucagon decreases the degree of fatty liver in early lactation
dairy cows (Hippen et al., 1999} because this hormone, counter-regulatory to insulin,
is responsible for the prevention of hypoglycemia. Oral administration of 1-L
propylene glycol once daily during the final week of gestation decreases postpartum
plasma NEFA and p-hydroxybutyrate concentrations (Studer et al., 1993). In addition,
prepartum oral administration of propylene glycol also reduced hepatic triacylglycerol
concentrations by 32 and 42% at 1 and 21 d postpartum. The effect of propylene
glycol on reducing triacylglycerol accumulation in the liver could be directed to the
consistent lower acetate to proprionate ratio when feeding propylene glycol (Cozzi et
al.,, 1996), which elicits a greater insulin response. This situation favors adipose
tissues for lipogenesis, rather than lipolysis. It is documented that propylene glycol
administered as an oral drench or mixed with concentrate and fed separately from
forage appeared to be more effective than feeding propylene glycol as part of TMR
(Christensen et al., 1997). It is well known that dairy cows already go into a period of
NEB few days before calving and extend to few weeks after calving, with the nadir of
NEB occurs mostly during the first week of lactation. Therefore, prevention of NEB
during that period could be beneficial for the cows in that lipolysis of adipose tissue
could be lowered and that fatty liver could be reduced. Moreover, it could be
hypothesized that reducing effect of propylene glycol on fatty liver development
could strengthen the liver ability to synthesis glucose via stimulating the hepatic
gluconeogenic enzyme activities.

The objective of this study was to determine the effect of propylene glycol on
fatty liver development and hepatic gluconeogenesis in periparturient dairy cows. The
experiment was designed to test the hypothesis that propylene glycol will alleviate
triacylglycerol accumulation, thereby increasing hepatic gluconeogenesis.
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MATERIALS AND METHODS

Farm, Animals and Diets

The study was conducted in a commercial dairy farm at Pakthongchai District,
Nakornrachasrima Province, Thailand. The farm consisted of 503 lactating cows, 171
dry cows, and 414 replacement calves and heifers. The average milk production of the
farm was 20.5 kg/cow/d. The close-up and lactating cows were kept in a free-stall
housing with an evaporative cooling system, which controls the inside temperature
between 25-28 °C. All cows in the evaporating barn were fed ad libitum with total
mixed rations as shown in Table 1.

Twenty-three healthy, pregnant, multiparous Holstein Friesian cows were
randomly selected; mean age was 3.0 yr (SD = 0.3), mean 305-d cumulative milk
yield was 6670 kg (SD = 680) at the start of the experiment.

Table 1. Composition of total mixed rations (TMR) as fed basis.

Ingredient Dry period Transition period Lactating period
kg as fed
PCL-3' 1.3
PCL-P? 2.0
PCL-F 3.8
Wet brewer grain 8.0 7.0 10.0
Corn silage 8.0 12.5 12.5
Peanut hay 2.0 6.0 6.0
Rice straw 3.5
Cassava chips . 1.0 1.3
Whole cotton seed 0.6 2.0
Ground corn 1.0
Molasses 1.0 0.5 0.5
Premixes 0.5 0.5 1.0

'Consisting of 33.0% soybean meal, 27% canola meal, 22.5% wheat bran, 11% dried
brewer grain, 4.1% limestone, and 2.4% salts.

*Consisting of 54.5% soybean meal, 15.0% canola meal, 13.0% dried brewer grain,
11.0% corn gluten meal, 4.7% salts, and 1.8% biophos.

*Consisting of 50.0% soybean meal, 27.0% corn gluten meal, 14.0% canola meal,
5.5% dried brewer grain, 1.9% salts, and 1.6% limestone.

Sampling and Assay Procedures

The liver and bloods were collected about 2 wk (10 £ 5 d) before the
anticipated calving date and at 2 (10 + 3 d) and 4 (28 + 3 d) wk after parturition.

Liver biopsy was obtained using the percutaneous biopsy method as described
by Van den Top (1995). During collection, the liver samples were placed on filter
paper, were removed from any connective tissue and blood clots, and were divided
into two parts. The first part was placed in a tube with 0.5 ml of 20% KOH for
determination of glycogen concentrations. The second part was placed in a tube with
physiological saline and was kept on ice for determination of TAG; thereafter in the
laboratory, these samples were dried on the filter paper and any remaining connective
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tissue or blood clots were removed. The samples were weighed in separated tubes for
determination of TAG and FBPase (EC 3.1.3.11) activity, and were kept at -20°C
until analysis. For determination of FBPase activity, the liver samples were
homogenated in 9 volumes of a buffer (pH 8.0) containing 25 mM HEPES and 5§ mM
B-mercapto-ethanol. The homogenate was centrifuged at 25000 x g for 10 min. The
supernatant was used for analysis of enzyme activity. Liver TAG concentrations were
assayed by spectrophotometry with the use of a commercial kit (Triglyceride GPO-
PAP; CLASS-1 Laboratories Co., Ltd, Bangkok, Thailand). Liver glycogen
concentrations were determined as described by Van den Top et al. (1994). The
activity of FBPase was determined spectrophotometrically (Ulm et al., 1975).

Blood samples were collected from jugular veins and allowed to clot at room
temperature. Serum samples were harvested and stored at -20°C until analyses.
Concentrations of serum glucose (Glucose GOD-PAP, CLASS-1 Laboratories Co.,
Ltd., Bangkok, Thailand), NEFA (NEFA C, Wako Pure Chemical Industries Ltd.,
Osaka, Japan), B-hydroxybutyrate (RB 1007, Randox Laboratories, San Diego, CA),
and total cholesterol (CHOD-PAP, CLASS-1 Laboratories Co., Ltd., Bangkok,
Thailand) were measured enzymatically with commercially available kits as indicated.

Statistical Analyses

Data were statistically analyzed using an SPSS computer program (SPSS
Advance Statistic™, 1994). Data were tested for normal distribution using the
Kolmogorov-Smirnov test, and the homogeneity of variances was verified using the
Levene’s test. Normally distributed data were subject to ANOVA using groups as a
fixed main effect and sampling days as a repeated measure. Within group, comparison
of data between sampling days was performed using the paired Student ¢ test. Data of
cows between groups were compared using Student ¢ test. The two-sided level of
statistical significance was preset at I < 0.05.

RESULTS AND DISCUSSION
Milk yield

All cows calved normally. During the first 30 days of lactation, average milk
yields were 29.1 £ 5.3 and 30.2 £ 4.1 kg/d for control and treated groups, respectively,
and the milk yields did not differ between the two groups of cows (Figure 1). This
observation was in agreement with other studies (Miyoshi et al., 2001; Studer et al.,
1993). The same result is also reported when propylene glycol was used in the mid-
lactating cows (Cozzi et al., 1996). It could be suggested that propylene glycol
drenching once daily at the dosage of 400 ml per cow during the period around
calving did not increase milk yield.

Serum glucose, NEFA, B-hydroxybutyrate, and cholesterol

Mean concentrations of serum glucose, NEFA, B-hydroxybutyrate and
cholesterol is demonstrated in Figure 2-5. Serum glucose concentrations at -1 wk
from parturition did not differ between groups, and the concentrations were 54.2 (16.2)
and 56.9 (+8.6) mg/dl in control and in treated cows, respectively (Figure 2). Serum
glucose concentrations for the two groups decreased afier calving. At 2 wk
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postpartum, the concentrations were 37.7 (24.3) and 31.4 (£13.5) mg/dl in control and
in treated cows, respectively. The concentrations did not differ between the two
groups at all intervals, Because the blood sample was not collected during the
drenching period, the glucose concentrations in our study did not show any
differences between the two groups. However, it is documented that plasma glucose
concentrations are increased afler drenching with propylene glycol (Miyoshi et al.,
2001). It could be suggested that during the first week of lactation when cows are
likely to suffer from hypoglycemia and hypoinsulinemia, propylene glycol
administered orally to the cows could improve this situation by increasing the
proportion of ruminal propionate (Grummer et al., 1994), resulting in an elevation of
blood insulin concentrations (Miyoshi et al., 2001). The increased insulin
concentrations in the blood results in a lower lipolytic activity as observed in this
study that cows drenched with propylene glycol had lower serum NEFA
concentrations at either 2 or 4 wks after parturition (Figure 3). The serum NEFA
concentrations were similar in both groups at -1 wk from parturition. The
concentrations increased after parturition in both groups, the increase were 269% and
118% in control and treated cows, respectively. Results also showed that control cows
had greater serum NEFA concentrations at 2 and 4 wks from parturition. The increase
of serum NEFA concentrations corresponded well with the results of serum P-
hydroxybutyrate concentrations (Figure 4). Our results confirm again that increased
NEFA concentrations in the blood predispose a cow to clinical ketosis (Rukkwamsuk
et al., 1999d). Therefore, propylene glycol is an efficient compound to treat ketosis in
postparturient dairy cows.

Serum cholesterol concentrations did not differ between the two groups at any
intervals (Figure 5). However, for both groups, the concentrations were higher at 4 wk
than at either -1 wk or 2 wk from parturition. This observation was similar to previous
study (Van den Top et al., 1995).
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Figure 1. Comparison of milk yield during the first 30 d of lactation between control
cows (J; n = 9) and cows that were drenched with propylene glycol (M; n = 14). Data
are means (£ SEM).
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Waeek from parturition
Figure 2. Comparison of glucose concentrations in the serum measured before and
after parturition between control cows (Q; n = 9) and cows that were drenched with
propylene glycol (M; n = 14). Data are means (+ SEM).
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Figure 3. Comparison of non-esterified fatty acids (NEFA) concentrations in the
serum measured before and after parturition between control cows (Q; n = 9) and
cows that were drenched with propylene glycol (M; n = 14). Data are means (+ SEM).
Asterisks indicate the time during which the different in mean concentrations of
NEFA in the serum was significant (P < 0.05) between control cows and cows
drenched with propylene glycol.
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Figure 4. Comparison of P-hydroxybutyrate concentrations in the serum measured
before and after parturition between control cows (; n = 9) and cows that were
drenched with propylene glycol (B; n = 14). Data are means (£ SEM). Asterisks
indicate the time during which the different in mean concentrations of -

hydroxybutyrate in the sernm was significant (P < 0.05) between control cows and
cows drenched with propylene glycol.
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Figure 5. Comparison of total cholesterol concentrations in the serum measured

before and after parturition between control cows (d; n = 9) and cows that were

drenched with propylene glycol (B; n = 14). Data are means (& SEM),

Liver Triacylglycerols, glycogen and F3Pase activity

Mean concentrations of TAG and glycogen in the liver of control and treated
cows is presented in Figure 6-7. At -1 wk from parturition, the hepatic TAG
concentrations did not differ between the two groups, the concentration increased
after parturition (Figure 6). At 2 wk from parturition, the concentrations were 245%
and 125% as much as the concentrations before parturition. The concentrations at
either 2 wk or 4 wk were greater for control than for treated cows. This result was due
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to the fact that cows drenching with propyletie glycol had significantly lower serum
NEFA concentrations (Figure 3). Increased NEFA concentrations in the circulation is
strongly associated with an increase of TAG accumulation in the liver (Rukkwamsuk
et al., 1999a; 1999¢). Mean glycogen concentration in the liver did not differ between
groups al all intervals (Figure 7). Compared with the concentrations at -1 wk, the
concentrations decreased after parturition and remained lower concentrations during
the entire experimental period. Although, propylene glycol is a gluconeogenic
compound, drenching with this compound during the periparturient period did not
stimulate glycogen storage in the liver, possibly due to the fact that cows during the
carly month of lactation require a greater energy for increasing milk production.
Therefore, most gluconeogenic precursors were used to produce glucose available for
the requirements, rather than converted to glycogen.

At -1 wk from parturition, the activity of FBPase did not differ between the
two groups (Figure 8). The same observation occurred at 2 wk and 4 wk from
parturition. Although cows drenching with propylene glycol had an alleviation of
serum NEFA concentrations and had a lower TAG accumulation in the liver, the
activity of FI3Pase did not show any improvement when compared to those activity in
control cows. As in previous study (Rukkwamsuk et al., 1999b), it is found that cows
with greater amount of TAG in the liver tended to have a lower activity of FBPase.
The difference between these results could be due to the difference in hepatic
triacylglycerol concentrations, which were about 2 times as high as the concentrations
observed in this study.
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0.0 - "
$0.0 1
40.0 1
0.0 4
20.0 -

10.0 1 _]
0.0 T - T

-1 2 : 4

Waeelk from parturition

Liver triacylglycerol concentrations
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Figure 6. Comparison of triacylglycerol concentrations in the liver measured before
and after parturition between control cows {{; n = 9) and cows that were drenched
with propylene glycol (M; n = 14). Data are means (+ SEM). Asterisks indicate the
time during which the different in mean concentrations of triacylglycerol in the liver
was significant (P < 0.05) between control cows and cows drenched with propylene
glycol.
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Figure 7. Comparison of glycogen concentrations in the liver measured before and
after parturition between control cows (Q; n = 9) and cows that were drenched with
propylene glycol (M; n = 14). Data are means (£ SEM).
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Figure 8. Comparison of activities of fructose 1,6 bisphosphatase (FBPase) in the liver
measured before and after parturition between control cows (; n = 9) and cows that

were drenched with propylene glycol (B; n = 14), Data are means {(+ SEM).
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CONCLUSIONS

Drenching propylene glycol to a cow from 7 d before expected calving to 7 d
after calving could alleviate fat mobilization from adipose tissue at least during the
first month of lactation. As a result, the cows drenched with propylene glycol had a
remarkable reduction in TAG accumulation in the liver. In this study, the positive
carry-over effect of propylene giycol on the increase of FBPase activity was not found.
The result may be related to the degree of the TAG accumulation. Although propylene
glycol did not show any positive effect on milk production, the effect on alleviation of
lipolysis and fatty liver development could be worthwhile to use this compound in the
periparturient dairy cows. However, additional research is still required to determine
the effect of propylene glycol on the milk composition, reproduction as well as the
health of periparturient dairy cows, particularly in tropical countries.
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