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Dairy cows experience a period of negative energy balance during early
lactation. As a result, mobilization of adipose tissue occurs during this period.
Net mobilization of adipose tissue results in release of nonesterified (NEFA)
into the bloodstream for oxidative metabolism by peripheral tissues and
incorporation into milk fat [1]. In addition, the liver takes up NEFA from the
circulation [2] and either oxidizes them in the mitochondria or peroxisomes or
reesterifies them into triglycerides for storage or export [3]. The mobilization of
body stores and accumulation of liver triglycerides leads to hepatic lipidosis
which can precede ketosis in many cases [3].

Ruminant liver has limited capacity to oxidize fatty acids and export
triglycerides in the form of very low density lipoprotein (VLDL) [3], therefore
triglycerides accumulate in the liver. This contributing factor predisposes the
early lactating cows to develop fatty liver. In fatty liver, normal function of the
liver is depressed [4] and then the capacity of the liver for gluconeogenesis
decreases [5]. The capacity of isolated liver slices to convert propionate to
glucose was lower for cows with fatty liver and ketosis than for healthy cows
[6;7]. In hepatocytes isolated from calves and then induced to accumulate
triglycerides (TG) in vitro, TG accumulation decreased gluconeogenic capacity
[8]. Subclinical ketosis is a condition marked by increased levels of circulating
ketone bodies (KB) without the presence of clinical signs of ketosis [9].
Profiles of NEFA, TG, BHBA and phospholipids in the blood are altered in
cows having naturally occurring fatty liver compared with normal cows [10].

Choline deficiency leads to fatty liver, because choline is required for
phospholipids synthesis and VLDL assembly formation in the liver. Lactation
greatly increases the demand for choline[11]. Defi-  ciency of choline would
further slow down the rate of TG export from liver, which could contribute to
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the development of fatty liver and limit milk production. Rumen-protected
choline (RPC) have been fed to lactating cows to increase the supply of choline
to the small intestine with the goal of increasing milk or alleviating the
development of fatty liver syndrome [5; 12]. The objective of this study was to
observe the correlation between NEFA, BHBA, TG and glucose in the blood
plasma of early lactating dairy cows while feeding supplemental choline.

Eight early lactating primiparous and multiparous Holstein cows were used
from October 2011 to November 2011 in our study beginning five weeks
postpartum.Cows were housed in individual tie stalls and cared for under
experimental procedures and protocols approved by the veterinary organization
of Iran. Selection of cows was based on parity, milk yield of previous lactation
(milk yield of dams for the cows in their first lactation) and body condition
score (BCS). The cows received 90 g/d of rumen-protected choline (RPC)
product. The RPC product (Reashure Choline, Balchem, USA)) is a rumen-
protected source of choline chloride. Reashure choline is produced by
encapsulating choline chloride with a coating matrix able to resist rumen
breakdown and release choline in intestine and contained 25% choline. Cows
were fed a total mixed ration (TMR) ad [libitum. The meal was adjusted to
production intensity, and consisted of ordinary alfalfa hay, silage, beet pulp, and
concentrates (including barley, corn, canola meal, cottonseed, wheat bran,
cottonseed meal, wheat grain, corn glutton meal, soybean meal, sodium
bicarbonate, fat meal, limestone and vitamin-mineral supplement). The RPC
was top-dressed onto the TMR.

Blood samples were obtained before morning meal from the coccygeal
vein on the last day and then were collected in heparinized Vacutainer tubes
(Becton Dickinson, Franklin Lakes, NJ). Blood samples were placed on ice
immediately following collection. Plasma was harvested after centrifu-gation of
the blood at 3000 g for 15 min. Plasma was stored at —20 °C until subsequent
analysis for NEFA, BHBA, TG and glucose. The metabolites were measured on
“BT 1500 auto-analyzer” through spectrophotometer method, using Kkits
produced by “Farasamed Co, Ltd. Tehran, Iran.

For statistical analysis, experimental data normality was verified, and then
data were submitted to analysis of correlation, using SAS (2002) software
package.

The data of plasma metabolites for the cows which received choline and
the correlations between the metabolites are shown (in Table 1 & 2).

TG level had a positive correlation with glucose (0.393) and a negative
correlation with NEFA (-0.189) and a significant negative correlation with
BHBA (-0.485). Glucose had a negative correlation with NEFA (-0.338) and a
significant negative correlation with BHBA (-0.543). NEFA had a significant
positive correlation with BHBA (0.415).

After parturition the demand for energy is increased by the initiation of
lactation. The negative energy balance is compensated by the mobilization of
NEFA from adipose tissue [1,2]. Therefore, examination of plasma NEFA
concentration during early lactation period provides insight into fatty liver
development [13].
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In the case of excessive fat mobilization, associated with marked formation
of acetyl CoA, the tri-carboxylic acid cycle cannot fully metabolize fatty acids.
As a consequence, acetyl CoA is converted to acetoacetate which is then
reduced to BHBA by BHBA dehydrogenase or spontaneously decarboxylized to
acetone [14]. BHBA concentration increased during early lactation period and
NEFA provide the substrate for BHBA synthesis. Increased BHBA
concentration reveals incomplete oxidation of NEFA in the tri-carboxylic acid
cycle during negative energy balance [3].

Table 1
The plasma metabolites of the cows which received choline
Triglyceride 9.00 + 1.88 (mg/dl)
Glucose 55.00 £4.13 (mg/dl)
NEFA 0.237 +0.08 (mmol/1)
BHBA 0.453 £0.12 (mmol/1)
Table 2
The correlation between plasma metabolites of the cows which received choline
Correlation Triglyceride Glucose NEFA
Glucose 0393 | - |
NEFA -0.189 -0338 | 0 -
BHBA -0.485" -0.543" 0.415"
* P<0.05

Early lactating cows rely almost exclusively on gluconeogenesis in the
liver to meet their glucose requirements. But the level of blood glucose
decreases during early lactation due to high demands for lactose synthesis as
well as insufficient gluconeogenesis [14, 15]. The rise in NEFA during early
lactation expressed enhanced adipose tissue mobilization to cope with the high
energy demand for milk synthesis, when the availability and oxidation of
glucose was reduced [13].

Reduction in gluconeogenesis by the liver, due to accumulation of fat in
the liver, may lower blood glucose levels and decrease insulin secretion, which
would support greater lipid mobilization and increase rate of fatty acid uptake
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by the liver and increase ketogenesis [3]. An increase in plasma glucose during
early lactation will likely increase insulin and decrease NEFA concentration.

The results of our study show that feeding choline improves liver function
due probably to increasing formation of VLDL and its export from liver into he
blood. In result the amount of TG in blood increases and the level of NEFA
decreases.

Due to increase of glucose in the blood, the secretion of insulin increases.
Since the increase of insulin suppress fat mobilization from adipose tissue, the
amount of NEFA decrease in the blood and as a result, the influx of NEFA into
the liver decreases, then the liver has fewer problems for oxidation of NEFA, in
consequence, the level of BHBA decreases in the blood.

As a conclusion,we can recommend that choline can be useful in the
nutrition of early lactating dairy cows due to increasing formation of VLDL to
export fat from liver which results in improvement of liver function.

Armenian State Agrarian University, M.Rahmani @live.com
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The Correlation Between Energy Carriers in the Blood Plasma of Early
Lactating Dairy Cows Receiving Supplemental Choline

In an experiment on early lactating Holstein cows it was shown the presence of
correlation between non-esterified fatty acids (NEFA), B-hydroxyl butyric acid (BHBA),
triglyceride (TG) and glucose in plasma while feeding diet with choline. TG had a positive
correlation with glucose. TG and glucose shown negative correlations with NEFA and
BHBA. NEFA had a positive correlation with BHBA. This finding indicates that feeding
choline can be useful to divert fatty acids to phospholipid synthesis to export fat from liver
as well as improving gluconeogenesis and reduction of fat mobilization from adipose tissue
which results in reducing production of BHBA.

U. Q. (fwhdwih, (} Q. Ludwjjul, U. Q. Thhowb-Futunulh,
Q. . Gujwmunwunph
Eukpquiyphsubph Ynplyjjughwb Yndbph wpput yiuquugnad Jun
Juptwnympjui oppwinid YEph htn hwdbjyuy junjhh YEpulpduwi
yuydwhbbpmd

Znjuplyt ghnh Ynybph Jupltwwudnipjui Jun oppwinid Ytph hbwn funhth
YEpulpduwt yguydwbibpnud gpuiugynid £ hwjuuwnp §nphjjughw wpjut wiuqduygh
stptphdhjugius dwpyuppniutph, p-hhnpopupjupuquppedh, kowghigihgkphgubtpnh
b gymlyngh Uhol: Bowghigihgbphntph b qpniyngh dhol ghugnud £ ppului
Unpbjughw: Bnwghiqihgbiphnubtpp b qpouyngp ppubnpnid Bu pugwuwlwb Ynpk-
pughw skptphdhjuglus &wpywuppniitph b f-hhgpopupjupuquppdh hwudbtdwn:
dbtpeohuiinhu vhol nhwnynid E npujub Ynpkjjughw: SYyjwjutpp Juynid &, np junjhtth
YEpuyhtt  huwbnudp  tyuwunnd £ fwpyuppeniubph  ognnwugnpsdwtp  jupnh
dnudnihyhnubph uhtiptgnud, wpwbph hbpwgdwipn b qpniynqh uptplqhtt wy
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opquinud, huyp wjuqlginud t fwpuybph dnphihqugnuip dwpwuyhtt hniuqusphg b
hotigunud f-hhnpopuhljuipuquipeyh pnnipniip wpyub yuqlumnad:

M. I'. Paxmanu, P. I'. Kamaasia, M. JIxk. Jlexq:kan-banagaku,
I'. Ixx. Eckannapu

Koppeasinusi Me:k1y JHeproHOCHTEJSIMH B IJIa3Me KPOBHM B PAHHUIA
NMepPUOJ JAKTAIIMU KOPOB, MOJY4YaBIIUX B KayecTBe 100aBKH XOJHH

B ombitax Ha KopoBax mopoasl ['ommrTeiiH Moka3aHO HauMuyWe KOPPENALUH B
IU1a3Me KpOBU MeXIy HescTepuuiupoBaHHBIMU JkupHbIMH Kucinoramu (HXK), B-
rugpokcudyruparoM, tpuriuuepuaaMu (TT) u rinoko30i B paHHUHA NEpHOJ JIaKTaluu
IIpYU CKapMJIMBaHUM XOJHHA. TT" MMenu NONI0XKUTEIbHYI0 KOPPEIHIo ¢ rmoko30i. TIN
U TIJIIOKO3a IOKa3blBAIM OTpHUlaTenbHyto koppensuuio ¢ HXXKK u B-ruppoxcudyru-
parom. HXXK Haxomunace B NOJOXUTENBHOH KOPPENSLUH C P-THIPOKCHOYTHPATOM.
JlanHble yKka3bpIBalOT Ha TO, 4YTO CKapMJIMBAaHHE KOpOBaM XOJMHA MOXET
cnocobcTBoBaTh HampasieHuto oomena HXXK Ha cunTte3 docdomununos u skcnopry
KHUPOB M3 MEUCHHU, a TAKXKE TJIFOKOHEOreHe3y U YMEHBUICHUI0 MOOMIIM3AIMU JKUPOB U3
KUPOBOW TKAaHH, YTO MPUBOJUT K YMEHBIICHHIO IPOIYKIUH B-THIPOKCUOyTHpaTa.
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