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Abstract

Rosendo O., L. R. McDowell: Liver Dry Matter and Liver Lipidsin Periparturient Dairy
Cows. Acta Vet. Brno 2003, 72: 541-546.

One hundred and fifty liver samples were collected from forty multiparous Holstein cows at an
average of 16 d prepartum to 30 d postpartum. The objectives of this study were to determine the
statistical relationship between liver percentages of dry matter (LDM) and total lipids (TL) and
triacylglycerols (TAG) on awet basis and to develop predictive equations of TL and TAG from
LDM that could be used for the diagnosis of fatty liver in transition cows. Estimates of LDM
changed dlightly with time to calving. The best-fitting models to describe the inverse rel ationship
between LDM and liver lipids using the entire data set (LDM: 20.0 to 36.2%, TL: 2.9 to 14.9%;
TAG: 0.7 to 10.4%) were the following second-order polynomial derived equations. For TL =
44.268 - (3.3625 x LDM) + (0.0717 x LDM?) (R? = 0.53%; P < 0.0001) and for TAG = 39.983 -
(3.2370x LDM) + (0.0678 x LDM?) (R2 = 0.58%; P < 0.0001). The precision of equationfor TAG
(R2=0.61) slightly improved with athird-order polynomial equation after reducing datato LDM
greater than 25% because of less variability in liver TAG with higher LDM. Timeto calving did
not influence the relationship between LDM and liver lipids. For practical applications, these
predictive equations could be used as an approximation of a mild to moderate (up to 10% TAG,
wet weight) fatty liver in multiparous periparturient dairy cows when the chemical analysis to
quantify liver lipidsis not affordable.

Fatty liver, liver triacylglycerol, liver DM, transition cows

Lipid deposition in the liver of dairy cows, ametabolic disorder known as hepatic steatosis or
fatty liver (FL) occursaround parturition. Liver total lipids, mainly triacylglycerols (TAG) may
reach apeak at theday of calving (Grummer etal. 2000; Greenfield eta. 2000), or between
1 and 5 wks postcalving and may persist during the first 4 to 12 wks of lactation (Tesfa et dl.
1999; Van Den Top etd. 1996; Gruffat eta. 1997). The quantification of totd lipids(TL)
or TAGinliver sasmplestaken by liver biopsy istill themost reliable method to assessthedegree
of FL in dairy cows. These analyses require lipid extraction by organic solvents (Folch et al.
1957; Blig and Dyer 1959; Hara and Radin 1978) which are expensive, time consuming,
and difficult with small samples. Based onthenegativecorrel ation betweenliver density andlipid
content, lipids content of the liver can be estimated by buoyancy of liver samplesin water and
copper sulfatesolutions(Herdt etal. 1983). Liver TAG canasobepredicted from TL withgood
accuracy (R2=0.98) but liver lipid extractionis till needed (Hippen et al. 1999). Infish, liver
DM has been used to estimate TL (Tucker et a. 2001). Although an inverse relaionship
between percentage of TL and percentage of liver moisture has been observed in cattle (Baird
eta. 1968; Carr eta. 1973), no attempt has been made to demonstrate the usefulness of LDM
asanindicator of fatty liver in dairy cows. The objectives of this study were 1) To explore the
relationship between liver DM and lipid concentrations and, 2) To develop lipid concentration
predictive equationsfrom liver DM in periparturient dairy cows.
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Materialsand Methods

Cows and management

The handling and sampling of animalsin thisexperiment was approved by the University of FloridaAnimal Care
and Use Committee. Liver samples were obtained from 40 periparturient multiparous Holstein cows belonging to
the University of Floridadairy research unit. Mean 305-day milk production in the previous lactation was 10,533
+ 1,489 kg, and mean body weight was 648 + 76 kg at the start of the experiment, 16 d before expected calving day.
During theclose-up dry period, cowswere housed in shaded pens, fed individually, and had free accessto tap water.
A total mixed ration (DM basis) of corn silage (38.4%), bermudagrass hay (13.6%), citrus pulp (3.8%), and
concentrate (44.2%) that provided 1.53 Mcal/kg of NE, , 13.4% of CP, and 36.1% of NDF (DM basis) was offered
during the close-up dry period. After calving, cowswere housed in afree-stall barn and fed adiet based (DM basis)
on corn silage (26.6%), alfalfahay (10.0%), citrus pulp (9.5%), cottonseed hulls (5.1%), and concentrate (48.8%).
This diet consisted of 1.63 Mcal/kg of NE, 17.3% of CP, and 34.3% of NDF (DM basis). The cows were milked
three times aday. Twenty cows received 20 mg/d of supplemental biotin (Rovimix-H 100, Roche Vitamins Inc.,
Parsippany, NJ) throughout the sampling period as part of astudy to evaluate the effects of supplemental biotinon
hepatic lipidosis (Rosendo 2003).

Liver biopsies and analyses

Liver biopsy samples (mean = 2.5 g wet weight and SD = 1.5) were collected with trocar and cannula by the
procedure of Chapman et al. (1963) at the 11™ intercostal space on d 16 (10 to 30 d) before calving date, and on
d2(1to4), 16 (14to 18 d), and 30 (27 to 34 d) postpartum on the same cows. Upon collection the liver tissue was
rinsed with saline to removed excess blood and immediately placed into liquid nitrogen. After freezing, samples
were placed on dry ice for up to 2 h. Samples were stored at -70 °C until analyzed for total lipid, triacylglycerol,
and dry matter content. Liver lipidswere extracted by the method of Fol ch etal. (1957) asmodified by Drackley
et a. (1991). A minced liver aiquot (100 mg) was weighed into a Pyrex culture tube (20 x 150 mm,; Fisher
Scientific, Pittsburgh, PA), ten mL of chloroform/methanol (2:1, by volume) was added and sample homogenized
for 30 sec (PowerGen 700, Fisher Scientific, Pittsburgh, PA). After homogenization, lipid extraction was done as

Tablel
Mean + SD, minimum, and maximum values for variables used to develop
predicting equations for liver lipids

Variable! Day related n Mean+SD Minimum | Maximum
tocalving
LDM -16 39 27.9+2.82 23.3 36.2
2 40 26.5+2.5P 20.0 32.6
16 39 27.1+2.8% 21.6 33.7
30 32 26.3+1.9P 22.3 29.5
TL -16 39 6.5+252 2.9 14.4
2 40 6.5+2.72 3.7 14.9
16 39 6.6+2.82 3.3 14.5
30 32 5.2+1.5° 32 8.3
TAG -16 39 2.6+2.12 0.7 9.2
2 40 28+222 0.9 10.1
16 39 2.8+2.32 0.8 10.4
30 32 1.6+1.32 0.7 75
TAG.TL -16 39 36.2+15.1% 19.3 68.5
2 40 38.9+12.32 21.1 72.6
16 39 37.6£13.6% 16.6 718
30 32 30.0+14.10 10.1 90.8

ab|_ SMeans within a columm and variable with different superscripts differ (P < 0.05).
1LDM = liver DM, TL = total lipids (wet weight), TAG = triacylglycerols (wet weight), TAG:TL = TAG as
apercentage of TL.
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described by Drackley et a. (1991), except that the samples were shaken at 20 °C for only 5 min in the
chloroform/methanol solution with 4 ml of demineralized and deionized water. The tubes were centrifuged for
5 min at 600-x g, the methanol-water layer was removed by aspiration, and the contents of the test tubes were
filtered, rinsed and filtered twice with 3 ml of chloroform, into another Pyrex culture tube using a Buchner funnel
with dlight suction. The sample was dried under a stream of gas nitrogen for 30 min at 50 °C. The tubes without
capsweredried for 5 minin aconventional oven at 55 °C and then placed in a desiccator for 1 h before weighing.
All liver sasmplesweredonein triplicate. Thelipid extracts were dissolved in 3:2 (vol/vol) hexane-isopropanol for
chemical determination of TAG (Drackley etal.1991). Liver DM was determined on aseparate aliquot (100 mg)
after dryingfor 24 h at 55 °Cin aforced air oven (Skaar et al. 1989).

Statistical analysis

An entire dataset comprising 150 TL, TAG, and LDM values (Table 1) and a partial dataset with only 119
values (LDM values < 25% were excluded) were used. Liver dry matter, TL, TAG, and TAG:TL were
analyzed as one-way analysis with postpartum day as independent variable. When the effect of postpartum
day was significant (P < 0.05), the least significant differences procedure was used to compare differences
among postpartum days. Each variable (TL, TAG or TAG:TL) was regressed individually on both, LDM as
acontinuous variable and postpartum day. The quartic term for LDM and postpartum day were removed when
not significant (P > 0.05) and the data were reanalyzed using the reduced equation. The mean square
prediction error (MSPE) component terms were calculated for each regression (Roseler et al. 1997).
Analyses were performed using correlation, regression and the general linear models procedures of SAS
(2001).

Resultsand Discussion

Repeatability of LDM assay wasdetermined on liver samples (10 samples/cow) from four
slaughtered cows. Overall mean SD was 31.15 + 0.69 with good precision (CV = 2.2%),
and repeatability (mean square error = 0.31). In the present study, liver DM was lowest at
28dinmilk, but lower (P < 0.05) only comparedto—16d (Table 1). She etal. (1999) found
LDM higher from control cows than for cows treated with glucagon at 23 and 28
d postpartum, which suggested that liver LDM varied with d postpartum. Our resultsconfirm
the suggestion of Greenfield et a. (2000) that expressing TAG as a percentage of LDM
may underestimate differencesin lipid deposition between physiol ogical statesbecause both
TAG and LDM change in the same direction. Results from this study, suggests that
interpretation of treatment effectson fatty liver may be affected by theway liver composition
is expressed.

Although clinical or severefatty liver (fat cow syndrome) could had been induced in this
study by overfeeding during the dry period (Rukkwamsuk et a. 1998, 1999), we were
interested in assessing subclinical fatty liver because in practice clinical fatty liver (total
lipids > 34%, dry weight) can be more easily diagnosed (Radostits et al. 1999; Pearson
and M aas 2002). However, sublinical fatty liver and its detrimental effects on health and
performance need a definition. At present, subclinical fatty liver in periparturient cows is
poorly defined, more than 2% (M uylle et al. 1990), more than 3% (Katoh and Kimura
1989), more than 4% (Zerbe et a. 2000), or more than 5% (Jorritsma et al. 2001) liver
TAG (wet weight). Therefore, theliver TAG valuesfound in the present study areindicative
of mild and moderate fatty liver.

Total lipids and TAG concentrations on wet weight basis were highly and positively
correlated with LDM; r = 0.66 and 0.64 (P < 0.001), respectively. The best-fitting
models selected on their R2 and M SPE are reported (Table 2). Using the entire data set,
the best equations for TL and TAG were second-order polynomial derived equations
(equations 1 and 3, respectively). The precision and accuracy (greater R? and lower
MSPE) for predicting TL was improved with a third-order polynomial equation
(equation 2) after reducing datato LDM greater than 25%, because of alower line bias
inliver TL withhigher LDM. Also, the precision for predicting TAG wasimproved with
athird-order polynomial equation (equation 4) after reducing datato LDM greater than
25%.
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Table2
Regression equations for predicting total lipids (TL) and triacylglycerols (TAG) concentrations of liver
(wet weight) from liver dry matter (LDM) of multiparous transition Holstein cows

TL TAG
Parameters? Equati or! 1 Equati pn 2 EquaIioq 3 Equatipn 4
Quadratic Cubic Quadratic Cubic
20to 36 LDM% 25t036 LDM% 20t036 LDM% | 25to 36 LDM%
Intercept 44.2678 681.6349 39.9827 639.0395
LDM -3.3625 -67.3989 -3.2370 -63.6490
LDM*LDM 0.0717 2.2029 0.0678 2.0857
LDM*LDM*LDM — -0.0235 — -0.0223
R? 0.5301 0.5632 0.5848 0.6103
Mean biasP 0 0 0 0

Linebias? 0.4700 0.4368 0.4152 0.3896
Random variation® 0.4699 0.4368 0.4152 0.3897
MSPEP 1.5703 1.4946 1.1287 1.1259

aValues represented asintercept or coefficients.
b Calculated as described by Roseler et al. (1997); MSPE = mean square prediction error.

It is well-known that a decrease in body water content occurs in association with
increasing body lipid deposition in different species (Spray and Widdowson 1950).
Presumably, ahigher liver total lipid (11.2 vs. 1.5%, wet weight) content caused alower
liver wet weight:dry weight ratio (3.05 vs. 3.80) in ketotic than in normal lactating cows
(Baird et al. 1968). Steersfasted 2 and 3 d had progressively smaller liver moisture and
greater liver ether extract valuesthan fed animals (Carr et al. 1973). The hydration state
of hepatocytes can change asaconsequence of substrate accumulation, osmolarity and/or
changes in the rate of oxidative metabolism (Haussinger 1996; Dunkelberg et al.
2001). It might also be possible that changesin liver dry:moistureratio is a contributing
factor rather than a consequence of TAG accumulation. In isolated rat hepatocytes,
Zammit (1995) found that the secretion of cytosolic TAG was inhibited by increasing
dry matter weight of hepatocytes (reducing approximately 9% of cell water content). In
the same study, agreater incorporation of fatty acid into phospholipidswasfavored when
cell water content increased by 8to 27%. Although liver DM equal sthereciprocal of both
intra and extracellular water, there may be a link between LDM and the differences in
liver lipids composition that occurs during the periparturient period. It has been pointed
out that when TL are under 5% on a wet basis, as during the dry period, phospholipids
comprise between 45 to 90% of TL but only 28 to 34% when TL are over 10% (Collins
and Reid 1980; Gruffat et al. 1997). Most phospholipids are associated with various
cellular membranes where they influence cell permeability depending upon their fatty
acid unsaturation number (Cullis et a. 1996). In the present study we did not measure
amount of phospholipids but the effect of changes in lipid liver composition on LDM
were estimated by expressing TAG, the most hydrophobic lipid constituent, as
percentage of TL. The hydrophobic nature of TAG may preclude storage of excess water
by itself (Berlohr and Simpson 1996). In this study, TAG:TL slightly changed with
time to parturition but the pattern differed from that of LDM (Table 1). Liver TAG:TL
was poorly correlated (r = 0.40) with LDM. By looking at the regression curves for both
TL and TAG (Fig. 1), however, TAG became the liver lipid dominant fraction as LDM
increased over 32%. Conversely, phospholipids were more likely decreased in these
samples.
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Fig. 1. Cubicregression equationsfor predictingtotal lipids(TL) and triacylglycerols(TAG) concentrationsof liver
(wet weight) fromliver dry matter (LDM) inmultiparoustransition Holstein cows. TL%=681.63 - (67.399x LDM)
+(2.2029x LDM?) - (0.0235 x LDM3). TAG% = 639.04 - (63.649 x LDM) + (2.0857 x LDM?) —(0.0223 x LDMS3).

Discussion

The assessment of the prevalence of fatty liver in commercial herds could be prohibited
by the cost and effort associated with lipid extraction methods employing organic solvents,
however, the criteria used to define a moderate (4 to 10% TAG, wet weight) fatty liver is
large enough that the precision offered by solvent extraction may be not necessary. The use
of predictive equations such as these for estimation of liver lipid concentrations and
diagnosis of mild and moderatefatty liver in dairy herds would decrease greatly the amount
of time spent and cost of analysis involved. Determination of liver DM can be done with
even smaller samples (50 mg) inasimple, rapid, and inexpensive manner. The mechanisms
that link changesin liver water content with changesin liver lipids composition (e.g., TAG,
phospholipids) warrant further investigation.
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