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TNF-a level and metabolic status in o-tocopheryl acetate supplemented high body
condition periparturient crossbred cows during summer and winter
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ABSTRACT

The study was conducted to investigate the effect of o-tocopheryl acetate supplementation on tumor necrosis factor-
alpha (TNF- o) level and metabolic status in periparturient crossbred cows during summer and winter. High body
condition periparturient crossbred cows (24) were selected, 12 each during summer and winter. For each season, 6 cows
were kept as controls and 6 cows were supplemented with o-tocopherol acetate @ 1000 U/ day/ cow, supplementation
beginning 60 days prior to the expected date of calving. Blood samples were collected at —20, —10, -5, 0, 5, 10 and 20
days in relation to expected date of calving. Glucose value observed higher in winter treatment than other group cows.
Non-esterified fatty acid concentration levels increased towards calving and were higher at day 5 postpartum in summer
control in comparison to all other groups. Plasma TNF-c. levels also increased toward calving but were higher at the day
of calving, after that levels decreased towards day 20 postpartum in all the groups. The study indicated that metabolic
statuses of high body condition crossbred cows were improved by supplementation of o-tocopherol acetate.
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High yielding dairy cows experience major changes in
energy metabolism (Barber ef al. 1997, Bauman 2000). The
shortage in energy input relative to energy output is called
negative energy balance (NEB) (Jorritsmaa et al. 2003).
Adequate body fat reserves can promote milk production and
health during NEB, but obese cows have much higher risks
of poor conception rates, metabolic problems, and increased
susceptibility to infectious diseases (Dechow et al. 2004,
Castillo et al. 2005). Parturition is an inflammatory response
and the peripartum period is associated with significant
increases in various cytokines and their mRNA expression
in various reproductive tissues, maternal circulation, and
mammary gland tissues (Chapwanya et al. 2009, van Engelen
et al. 2009, Bruno et al. 2010). The enhanced expression of
cytokines such as TNF-o and IL6 in obese patients can induce
a pro-inflammatory environment and facilitate oxidative
damage, leading to initiation and progression of diseases
(Furukawa et al. 2004). Supplementation of vitamin E can
be useful against oxidative stress (Brezezinska et al. 1994,
Arechiga et al. 1998) and reduces effect of summer stress in
cows. Periparturient cows undergo mammary growth,
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synthesis and secretion of carbohydrate, fat and proteins and
marked accumulation of colostrum and milk. Colostrum is
rich in vitamins A and E, therefore, cows require their
increased supply prior to parturition. As the information is
not available on effect of o-tocopherol acetate
supplementation on TNF- o levels and metabolic status,
therefore, the present research was, aimed to investigate the
effect of o-tocopherol acetate supplementation on TNF- o
levels and metabolic status in periparturient-crossbred cows
during summer and winter.

MATERIALS AND METHODS

The experiment was approved by the Institutional Animal
Ethics Committee (IAEC) constituted as per the article
number 13 of the CPCSEA-rules, laid down by Government
of India.

Experiment design: The experiment was carried out in
summer (August to September) and winter (January to
February) at Institute Farm, which is located at 250 m above
mean sea level, latitude 29.43° North and longitude 77.02°
east. In each season, equal number (n=12) of adult peripartum
crossbred Karanfries (Holstein fresian x Tharparkar) high
body condition (BCS > 4.5, 4.85+0.03 BCS) cows
(510.04+7.94 kg body weight) free from any anatomical and
reproductive disorders and not suffering from any health
problems were selected 2 months before calving for study.
Six cows were kept as control and 6 were supplemented with
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a-tocopherol acetate @ 1000 IU/ day/ animal during 60 days
prior to the expected date of calving. Twelve cows of summer
gave birth from August 20 to September 10. The other 12
cows of winter gave birth between January 20 and February
10. All animals were kept in loose housing system. Each
paddock had rough brick-cemented flooring and asbestos
roofing and sufficient space for free movement of the animals.
All animals were fed as per NRC (2001). Animals were fed
as per the standard management practices followed at the
NDRI. Throughout the experiment animals were given
concentrate mixture at 8.30 AM @ 1 kg /cow / day, then 2 kg
/ cow / day 15 days before calving. After calving, the cows
were given concentrate mixture @ 1 kg / 2.5kg of milk
producing morning, noon and evening at the time of
milking. Green roughage (maize fodder/jowar) was fed
approximately 35 kg and 4.5 kg of dry fodder during the
experimental period.

Recording of climatic variables and temperature humidity
index: Microclimatic data, viz. dry bulb temperature (Cdb),
and wet bulb temperature (Cwb) in degree Celsius was
recorded at 7.30 AM and 2.30 PM every day from 20 day
prepartum to 20 day postpartum on days+20,+10,+5 and 0
with respect to the day of parturition (day 0). The THI was
calculated from dry bulb and wet bulb temperatures using
the equation (McDowell 1972).

Blood collection and analysis: Blood samples were
collected at 7.30 AM, from jugular vein of animals on —20, —
10, -5, 0, 5, 10 and 20 days in relation to expected date of
calving, in vacutainer tubes containing heparin as an
anticoagulant. During the collection, care was taken to pose
minimum disturbance to the animal. Blood collected was
immediately placed in ice and brought to the laboratory.
Plasma was separated by centrifugation at 1 200xg in a
refrigerated centrifuge for 20 min and stored at —20°C till
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analysis of different parameters. Glucose, NEFA and TNF-
oo were analyzed in plasma. Glucose was estimated in plasma
samples by using a commercial kit. NEFA was estimated by
copper soap extraction method modified by Shipe et al.
(1980). Plasma TNF-o was estimated by bovine TNF-a kit.
Minimum detection limit was 15.60 pg/ml. Intra- and
interassay coefficients of variation were 6.54% and 10.35%,
respectively.

Statistical analysis: Data for all measured variables were
analyzed as repeated measures using the MIXED procedure
of SPSS version 19. The model included the main effects of
vitamin E treatment (groups), days around calving and their
interactions. The pair-wise comparison of means was carried
out using Tukey’s Multiple Range Test (Snedecor and
Cocharan 1994).

RESULTS AND DISCUSION

The THI varied significantly (P<0.01) between the 2
seasons on all the pre- and post-partum days of study. The
mean microclimatic THI during winter was significantly
lower (P<0.01) than the corresponding THI in hot-humid
season (Fig. 1).

Plasma TNF-o did not differ significantly in groups
(Table 1). No significant two -way interactions occurred
(Table 1). Plasma TNF- levels on days —5 (prepartum) and
0 (calving) higher (P<0.05) in comparison to levels on day
—20 and —-10 prepartum and day 5, 10 and 20 postpartum in
SC, whereas, level on day 0 (calving) higher (P<0.05) than
its levels on all the days of pre- and post-partum in ST (Table
1). In WC plasma TNF-o levels on day -5 and O differ
significantly (P<0.05) from each other and to its levels on
day -20, —10, 5, 10 and 20. In WT plasma TNF-o levels
were followed same patterns as that of ST (Table 1). The
correlation between TNF-o and microclimate THI was

Table 1. Effect of o-tocopheryl acetate supplementation on glucose, non esterified fatty acid (NEFA) and tumor necrosis factor-alpha
(TNF-0) in control and treatment group cows around parturition during summer and winter

Groups Day in relation to calving SEM P value

-20 -10 -5 0 5 10 20 G D GxD

Glucose (mg/dL) SC  42.06*B  40.802B  4536:C 54,5420  40.90°B 331624 30.97*A 1.47 0.010 0.010 0.226
ST  46.67°C  50.4PD  56.49<E  63.96PF 48.74°CD 40.00PB  33.032PA 1,94
WC 43458 435338 4876°C 58560  42.758  36.66°4  34.26°4  1.99
WT  48.95°C  50.97°C  59.57°D  68.069 50.41°C 450198 38.62¢4 259

NEFA (uM) SC  250.128A  335.53B 410.95%C 455.732D 5 552,592 451.112P 415.45C 13.41 0.010 0.010 0.010
ST 219.77%A 251.22PB 304.86YCP 336.50PE  376.44°F 32525PDE 296,78°C 14,31
WC  235.520¢A 283.79°B 324 49°C  408.84F  454.61F 418.14°FE  382.65P 15.51
WT  206.23°A 219.0794 273.23B  307.7890  327.129D 302.909CP 281.74bBC 14,17

TNF-a (pg/ml) SC 21.308 14.024  46.33€ 55.05P 20.94B  23.89B 22068 493 0411 0.010 0.191
ST 25.52B 25528 32.35BC  43.64D 26.70B  34.27€ 16.64%  6.67
WC 19404 22574 37.86B 50.05€ 23.604 24284 17.204  4.29
WT  22.584B 21564  29.09BC  41.33D 31.45C 20534 22.46AB 514

Value with different superscript in capital letter in a row and small letter in column differ significantly (P<0.05). SC, Summer control;
ST, summer treatment; WC, winter control; WT, winter treatment; G, group; D, day; GxD, group and day interaction.
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Fig. 1. Microclimate temperature humidity index (THI,
mean+SE) during the 2 seasons on different days in relation to
calving (day O=day of parturition).

positive (r=0.39) and significant (P<0.01). We documented
a significant increase of plasma TNF-o in the early post-
partum period, which confirms the tendency of dairy cows
to develop a certain degree of systemic inflammation in the
first weeks after calving, which showed agreement with
Rontved et al. (2005). Adipose tissue secretes pro-
inflammatory cytokines such as TNF-a and IL6, which play
a major role in the pathophysiology of several inflammatory-
based diseases in dairy cattle. Increased plasma TNF-o in
high BCS cows may originate from adipocytes and
macrophages infiltrating the adipose tissue as described
previously in rat models of obesity (Wellen and Hotamisligil
2005). TNF-a levels were higher around transition period
indicated higher susceptibility to inflammatory based
diseases (mastitis) in dairy cattle (Boyle et al. 2006), which
supported our study.

Changes of glucose in each 4 groups of cows are reported
in Table 1. Overall plasma glucose level differ significantly
(P<0.01) in groups. The glucose level on day—5 (prepartum),
0 (calving) was higher (P<0.05) than its level on all the days
prepartum and postpartum in all the groups. At day 0 (calving)
and 10 (postpartum) all groups differ significantly (P<0.05)
from each other. No significant 2-way interactions occurred.
In present study, plasma glucose level increased slightly
before calving and increase was more at calving and then
decreased immediately after calving. Vazquez-Anon et al.
(1994), Drackley et al. (2001) and Dann et al. (2005) also
reported similar trend of changes in glucose level during
periparturient period. Propionate production from the low
dry matter intake (DMI) during the early postpartum period
is insufficient to synthesize the total amount of glucose
needed, therefore, the concentration of glucose decreased
following parturition as observed in our studies. Plasma
glucose concentration is important energy metabolite and
higher level in treatment groups could be attributed to more
feed intake resulting in higher levels of glucose (LeBlanc et
al. 2004). In present study glucose levels are higher in winter
as compared to summer which was also reported by Jonsson

et al. (1997). After calving glucose concentration decreased
and NEFA concentration are increased due to lypolysis, which
acts as alternative energy source (Leroy et al. 2008, Shehab-
El-Deen et al. 2010). This is supported by the significant
negative correlation coefficient between glucose and NEFA
concentration found in the present study.

Plasma NEFA levels began to increase from last 20 days
of pregnancy and reached maximum at the day 5 postpartum
in relation to calving, which was maximum (P<0.05) in
summer control than all other groups (Table 1). NEFA levels
were higher (P<(0.05) on days 0 (calving) and 5 postpartum
in comparison to NEFA levels on days —20, —10, and -5
prepartum and 20 postpartum in SC whereas, same patterns
observed in ST cows. In WC same patterns of NEFA levels
was observed as that of summer whereas, NEFA levels on
day 5 (postpartum) was higher (P<0.05) than days —20, —10
and -5 prepartum and day —20 postpartum in WT. At day —10
(prepartum), O (calving), 5 and 10 (postpartum) all groups
differ significantly (P<0.05) from each other. Group and days
interaction was significant (Table 1). Significant positive
correlation (r=0.42, P<0.01) was found between NEFA and
microclimate THI. Plasma concentrations of NEFA are used
as a measure of energy balance. Fat is mobilized from adipose
in the form of NEFA when dietary energy intake is insufficient
to meet animal metabolic needs. High BCS cows tend to
lose more body weight and body condition during the
transition period and dramatic elevations in NEFA around
the time of calving reflect this condition of negative energy
balance (Coffey et al. 2002, Adewuyi et al. 2005, Boyle et
al. 2006), as observed in our results. Bernabucci et al. (2005)
suggested that the energy status of over-conditioned cows
was related to oxidant status during the periparturient period.
It was reported that cows with elevated plasma NEFA levels
also had higher plasma levels of reactive oxygen metabolites,
but lower levels of antioxidants (Bernabucci et al. 2005).
Concentration of NEFA was lower in vitamin E treatment
groups in comparison to control groups in both the seasons
(Bouwstera et al. 2008). NEFA levels were observed higher
in control in comparison to treatment groups in both the
seasons, but levels were maximum in summer indicating that
effect of o-tocopherol acetate supplementation was more
beneficial in dry period during summer and winter, but more
in summer. Greater decline of BCS were found related to
plasma NEFA concentration (Rukkwamsuk ef al. 1998) and,
possibly, to incidence of metabolic disorders (Buckley et al.
2003).

In conclusion, our results indicated that supplementation
of a-tocopherol acetate reduces metabolic stress during
transition period. Plasma TNF-o level around transition
period were lower in winter than summer, which indicated
higher susceptibility to inflammatory based diseases in dairy
cattle during summer. Therefore, supplementation of some
antioxidant like o-tocopherol acetate was more beneficial in
summer as comparison to winter.
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