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Tasans: midnvmauddsuudasmsganndinavasaululauassapndinaan
unAnta

dnwmidgmmsazamasluiuludu (fatty liver) saslaunluvhiulavsuvianilanas
Usznlng TasmsTaenmudususadlasedandwasaaluilafiadunazdAnsmsdeuuras
meqanmndinmuaailadadu dadanTeunlussazuioundnnu 20 & Wudmeiailada
suluduaniil 2 naudviuivusnaan wasludlaidl 1, 2, 3 uaz 4 néwRABA NNHAMS
naaas ludleniit 2 deufaimusnass aAnududuraslasedandweseawmiasludurala
Mnuada 24.3 + 1.0 fadnTu/niu wesdu Mmundinase mansowisleaandiu 3 nguma
stduanaTunaslasadanfweseaianvialdnndmanailafiadu Ao nguilinmsaza
saslniuludusedudiilasnnu 6 d nuiliimsasauuaslaiuszduthunaniladnu 8
@ uaz nguiimsszsamalailudulussdugeiiladiuan 6 d nwamsdAnuiluaadly
Wuhlauundaaaninnu 70% fnmsmesuaauaandsnu Tasasawulaiienuiaiy
anlasiedanfiwasesludugand 50 fadndu/nin wasdu S 14 a1 msAnwInega
wedinemasdululoun waasliiiiuhlafifdgwmsazaurasladiuluszduthunaauas
siugilmadduinounndiil fat vacuole agmaluwad Uhnanihuumdslulauuuda:
ngu Aa 29 + 6, 31 + 5 uaz 34 + 7 dlandussiudmitlanguifinsazaunaclniussiud
wiuhunan  wassvdugemuadu  TasAwuhlelungaiifimsazauvacleiussdugad
wnllizndahuuudinafnneh waasbitiuihlaulunguianismzndnumnasuga
fquusenh Sohlfimsazauzesluiuluduiszduiguusnide  mswdsuulsemewend
Intndanadastumsaneinamasususaslasiedandwesesludu 1 fat vacuole MiAniu
Tuwadduaniinanszmudamaimihiivasiy  Fulasdaninsdnmndald  ndnlasasy
msdnwadiiifiumsnesnuafisndalgmmsazanlaiuludulaunludssndlng deaeil
snuiiululafitdymdananeduiudwiaiduindasivilgmmiieasedu wu Jgm
wanlida tgmszuummnluaddy aa1 Anululausidsdulszmdlng
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ABSTRACT

We investigated fatty liver problem in dairy cows raised in a
commercial dairy herd in Thailand by determination of triacylglycerol
concentrations and histological changes of the liver. Twenty Holstein-Friesian dry
cows were randomly selected. Liver samples were collected at -2, 1, 2, 3, and 4 wk
from parturition. At -2 wk, mean liver triacylglycerol concentration was 24.3 + 1.0
mg/g of liver. After parturition, we arbitrarily divided cows into three groups
according to their liver triacylglycerol concentrations; 6 cows in mild fatty liver
group, 8 cows in moderate fatty liver group, and 6 cows in severe fatty liver
group. Our results showed that 70% of dairy cows in this herd suffered from
negative energy balance after parturition. Histology revealed that livers of cows
in moderate to severe fatty liver groups had a considerable number of
hepatocytes with fat vacuole. Average milk production during the first 30 d
postpartum was 28 t 6, 31 £ 5, and 34 + 7 kg/d for mild, moderate, and severe
fatty liver groups, respectively; and the milk production in severe fatty liver
-group tended to be higher than the milk production in mild or moderate fatty
liver cows, indicating that cows with higher milk yield tended to enter deeper
negative energy balance postpartum, leading to accumulate greater amount of
triacylglycerols in their livers. In conclusion, we reported the first evidence of
fatty liver problem in high producing dairy cows in Thailand, and it is very likely
that postparturient problems founded Thai dairy herd could related to negative
energy balance and fatty liver. However, further research is required before this
assumption could be made.
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(Executive summary)

1. #alasams madnmmsuldsuulasmeyanmnsinsmasiululaunsseyvisaaan
2. anudrAnuasfianaastumiiiinigise
MINATUNPYBINANU  (negative energy balance) dunnzinetulalulaus
ssuzv@nsaalomawzlugny 14 dlaniusn  Wililasnwdsnudilddusnamnshi
WoamadundsnudilauudaimsianisaissEnuaznsadiniug Goulaunaziims
ABUAUAIAANTIEM SN ATNAATINAINUE [namsaaendtnuiazsulTlusamelaun Taidy
wez TUsiiu msaaadamaslasiu  (lipolysis) MAaduszdwnalwiimsudaansaluiudas:
(non-esterified fatty acids) ihgnszualaialuddnasnn Feezdanalvifinisavanuaaluiu
TugUlosiadandesan (triacylglycerols) Aduluuinngs msazanuaslasiadanfizasaa
Tudwilimanmbhivasdugnsuniu Tamawizmhilumsainnglaa (gluconeogenesis)
waymiiitlumsmdaasfie (detoxification) Feezduiusiulywaenn wanda uaz szuy
fuuglulaua msdnunanmswasuulaseasdunsyanndineuasmiuadi szvilinsu
famswAsuntassnn g fdesuludy mime lnduwuamelumsilasfumsazannadlas-
Fanduwasaanmniiululuduldsiiiuszansmwidlumsdinaadgmeis AfissiiatumuN
3. Taquszasduaslasanis
w‘\'iaﬁnmn".an"a’truLtﬂaquawm'ﬁﬁnmﬂaqﬁu'luTﬂuuizﬂzné'maaﬂ
4. sudaitide
mMsifualasn
«  dndanlaunszasuiaun (dry period) $1uau 20 ¢ Mnvhidulaunuvanii Tos
1#lalu lactation number s=win 2-3 uaz Fhiuuedsss lactation Uszano
5,000 Alan3u
* Hudmstnauiiuszezq s 5 Aty @a 2 dUavinaumsan, 1, 2, 3 uar 4
Slonindrane sresndldusniiudiu 2 @mde dwdiviaufvlu  normal
saline solution \AedTzanuTNTuralasiadaniigasea dufidaadulu
10% formalin tRaasIanegawmnding
NIATIVAIaE I
o aynanuduiunaslasiedandivasealudiaidadudis commercial kit
* @nw histopathology naviiafiaduriumaenaasqanssad
MIAATITaYa )
* AenvvdayaenududuraddasiedandwasaaludwFeudisuszninea g
vufauraaULazANNIETNTUNAIRaBan1835 Paired t test uazddifiBanssan
* dayann histopathology l8iSatidEwmssan

(9% ]
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(Research details)

ARinmaal :

mBStsiimlurhdulaunludwnatlnseds [WWIAUATITANN Tounlunduil
tsznaudn wilaiaun 532 61 lauwsun 112 61 gnlawazlammaunu 550 ¢ YSanw
vaadsoinAy 11,920 Alansudaiu msdadanlaunlussozudaun (dry period)
1 20 @ lesdineazidsedaudaslu Table 1

Table 1. General information of the cows.

Dry Milk
Cow Calving Date at period Lactation yield Age
number date drying off {day) BCS Bithdate  number {kg) {month)

85 12 Nov 01 6 Jul 01 129 325 8 Aug 91 6 7119 9.92
268 13 Nov 01 20 Sep 01 54 325 19Sep92 5 8765 9.01
346 7 Dec 01 2 Mar 01 280 45 2 Mar 94 4 8666 7.01
398 25Nov (01 20 Sep 01 66 35 5 Apr 94 5 9621 7.47
3020 28Dec 01 27 Apr 01 245 4 5 Feb 94 3 9688 7.23
6010 16 Dec 01 11 Oct 01 66 35 14 Apr 96 3 6627 5.50
6090 10Dec 01 11 Q0ctO1 60 35 30 Jul 96 2 8269 5.20
6096 23Dec01 21 Sep 01 93 375 20 Jut 96 3 8324 5.18
6147 20Dec 01 12 Oct 01 69 35 11 Sep 96 2 5998 5.09
7058 10 Nov 01 22 Aug O1 80 3.5 29 Mar 97 2 8896 4.40
21 4 Dec 01 2 Mar 01 277 3.5 22 Jul 97 1 7486 3.61
7142 15 Nov 01 27 Sep 01 49 3.75 20 Aug 97 2 8822 4,11
7152 14Dec 01 17 Oct 01 58 3.75 4 Sep 97 2 5277 4.12
8025 12 Dec 01 3 Oct 01 70 35 24 Feb 98 1 6776 3.61
8066 19 Dec 01 30 Mar 01 264 3.5 4 Jun 98 1 4450 282
8123 25 Nov 01 8 Oct 01 47 3.75 13 Oct 98 1 8505 2.99
8135 9 Dec 01 7 Oct 01 63 35 21 Oct 98 1 6387 2.96
8171 25 Nov 01 7 Oct 01 49 3.75 7 Dec 98 1 7212 2.84
8175 10 Dec 01 12 0ct 01 59 3.25 11 Dec 98 1 8020 2.84
8178 5 Dec 01 17 Oct 01 49 3.5 13 Dec 98 1 6687 2.85

tinsuneayuaiuayunisise 4
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2IMIIUATNIT LN IS ¢ )
Taunlasusmmsamuenuaasmslaaluszszumiuslouszszazlndnaan lasu
8 L3 e ar R ﬂ‘: 1] ol 3 “:
s 2 afdaiu laluszezndinasaazlasuoims 4 assdoiu lasgasamsiidlulauuns

Tuszazuauuiarvatnaaaudaslu Table 2

Table 2. Composition of total mixed rations (TMR) as fed.

Ingredient Dry period Transition period Lactating period
kg as fed

PCL-3! 0.8 fe

PCL-P2 e 2.0 .
PCL-F? 38
Wet brewer grain 8.0 7.0 10.0
Corn silage 8.0 12.5 12.5
Peanut hay 3.5 6.0 6.0
Rice straw 2.0 . .
Cassava chips . 1.0 1.3
Whole cotton seed 0.6 20
Ground corn 1.0
Molasses 1.0 0.5 0.5
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.

“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 44.0% soybean meal, 27.0% corn gluten meal, 14.0% canola meal,
5.5% dried brewer grain, 1.9% salts, and 1.6% limestone.

msiiualatg :
[=1 o [) q" - ar 8 ar p 8 s 4"
wumaaiiaifiaeululauune 20 ddwiu 5 a3aaail

asaf 1 2 dUavinouaaee (12 7 u)
asad 2 1 duenvivaenasa (7 £ 27U)

afafi 3 2 dUanviviaeaasea (14 £ 2 3u)
asafi 4 3 duavivasnaan (21 +2 )
A3 3 4 devinaenann (28 + 2 )

Tasdwismafiudiagrailanusdunefianiis  (percutaneous  liver  biopsy
technique) #iiazidaaaail

avnsal
1. swuawed Lidocaine HCL 2%
2. biopsy needle

——

dmmmnmnuuﬁunqums’ﬁu >




3.
4.
3.

7.

nuidsnadiygan

Tudiadina No. 22
aunsallnuauuazianuazaia
& uaanaand vwUTa pIUYRTWTUAIUIE

- . .
an1inm biopsy

?
1.
-
=

winumdalasiuidsulviulugaaviafaanin

yanuazaia wazlnuauudnassninnszanilasei10 ds 13 fdumisluaun
WindufnasaEud e TasTnunuiluuinunhaasmadszsanm 10 gu. x
10 2.

Weanuazmauazsinfiedluuaanasaduazanlsian providone iodine
ﬁlmﬂnmmmmﬁis_hu 2% Lidocaine HCL U3umu 5 ua. Adumisszuin
#lasaii 1luas 12 (11th intercostal space)

dgatimmizuinmuainanaiuluiia No. 22 Tesiianugnuiinuenuniaesluiia
(Jszaweu 1 7))

18 biopsy needle Hamnuduluaanud) unasvionandalasiiama ud
AuiudurnuIBILEIFURAITMLA IHudIBeaUsEN T 300-300 un.

Manuasamuaunanie providone iodine uazawlsddnaiamisgeuyadn

- & & A W
090THAUIUNNEDAY
1

- m W e . . - ' - - - -
Wadaaui leninaasvunszamunsaawauendunaaiiaiadu q uas ax
(Ramaan

) 4" J L d‘ w N 1 [ - J- . .
2. winilasduilaaanilu 2 dru lasdiuusnifuaslurnasaiil physiological

saline (Uszanmi 500 faanin) dwuh 2 tuadtunasansl 10% formaline
(Uszanee 200 fiadnin)

AIATIEWRIDEY ¢

1. msaaTsviesiadandigasaa

ar 1 - - L [} o < . . - . N
mpthadisiiasuduidivlu physiological saline Whanasamanudniuvag

- ca 4 o < g
leswedandirasaadiinuazidoanaail

F1AN

1.
2.

3.
4.
5

20% KOH : 20 g KOH in 100 ml of distilled water

0.15 M MgSO*7H20 (MW = 246.48) : 3.7 g MgSO4*7H:0 in 100 m! of
distilled water

1.8 M HclOj4 : 15.2 ml HclOg (70-72%) in 100ml of distilled water

1% neutral red : 0.01 g neutral red in 10 ml of 70% alcohol

99.7-100% ethanol

dninvuneguaivayumsiy 6
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35n13 ]

1. #shetailadadu 50-100 mg ldaslu centrifuge tube vu1@ 20 mI $17u 3
waae hluiuliaamgdi-20°C sunhaniunianed

2. \iu 20% KOH Yina 0.25 ml aslunaasiiidagneu falifiqumgiives
121 1 @u (cell destraction step)

3. @iy 99.7-100% ethanol U3mnm 0.5 ml wanlitddu vilugulu water bath
aamgd 70°C luaen 1 #2Ta (saponification step)

4. Fal3WWidu @ 0.15 M MgSO#H:20 131 0.5 ml waulwidiu

5. & 1% neutral red $1u7u 1 van waulishiu

6. Neutralize ssazmsietndis 1.8 M HCIO; (w32 NaOH) wuld pH
Uszinm 7 (ufind3ina HCIO; uaz % NaOH ldvanun) 15 pH-paper

7. vihwasamatluiii 2000 rppm Wi 10 nf

8. 1 supernatant lWassmanudautiuves triacylglycerol (TAG)

MIAUIN
TAG = TAG concentration [mg/dL]/ 100 x total sample volume [mi]
(mg/g of liver) mg of liver sample/ 1000

2. MAVIIMNIYANGTITING)

daswiladesuiiuly 10% formalin vinnwisuiiadladeds  paraffin
tissue-processing method uaz¥h routine staining a#d hematoxylin uaz eosin
wazAnmmsudsuwlansailafiadudendasgansead

HANITANYN 3

emuduturaclasieBandiwaaalusulausuandly Table 3 Fwnanuduiud
av¥ald sansewislasanitiy 3 ngumumsudnutasenuduiusaslasiedaniesea
Tudu Taun
Group 1 : Tnfiflenausuiusadlasiedanimasasludundnaan dinh 50 fiadniu
fiBNINYAIAY (mild fatty liver group)
Group 2 : TaftiiamandndunadlasieBandiwasaaludundnaan sewin  50-100
Hadniudaniuresdu (moderate fatty liver group)
Group 3 : Tafliinnuiuturatlasiedandwasesludundnass wanh 100
finfinTudaniuvadu (severe fatty liver group)

fninaneaumivenun1side Y J
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Table 3. Triacylglycerol (TAG) concentrations in the liver of cows arbitrarily
divided into three groups according to their liver TAG concentrations
postpartum.

Weceks from parturition

Cow number -2 1 2 3 4
Group 1 Triacylglycerol concentration (mg/ g of liver wet weight)
95 258 31.2 48.5 44.2 35.6
268 19.4 18.9 27.5 233 20.9
7142 24.3 28.1 249 18.8 19.9
8175 20.1 48.8 41 349 41.7
7152 228 34 27.7 23.8 ND?
8123 28.8 2 25.2 26.3 18.6
mean 23.5 30.5 325 28.6 27.3
SD 3.5 10.6 9.9 9.3 10.6
Group 2
6090 29 55.4 69.1 58.3 36.6
7058 18.4 53.7 61.8 69.6 63
8025 29.9 44.7 398 36.1 52.4
8171 33.3 4.6 582 74.8 66.9
3020 21 74 58.9 48.9 43.5
8066 25.1 76.8 79.3 47.5 389
8135 21.8 94.7 79.4 69.9 63
8178 29 74 49.1 52.5 22.8
mean 253 66.0 62.0 57.2 48.4
SD 5.0 16.5 13.8 13.4 15.6
Group 3
346 21.8 114.6 130.6 98.1 97.3
398 20.5 86.5 106.2 105.1 126.8
6010 28.4 94.9 89.6 83.7 104.4
6096 24.7 779 79.1 78.7 107.5
6147 18.2 81.3 68.6 110.6 88.8
7121 26.2 114.7 126.2 81.8 88.7
mean 23.3 95.0 100.1 93.0 102.3
SD 3.8 16.3 25.3 13.4 14.3

1 Not determined.

dninunesunivnyuniside 8
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nandainmadlaunluudaznguuaasly Table 4

Table 4. Average milk production (kg/d) during the first month of lactation in
cows arbitrarily divided into 3 groups according to their liver triacylglycerol
concentrations.

Average milk production
during the first month of
lactation (kg/day) SD
Group 1
95 251 6.2
268 25.2 6.6
7142 29.5 8.6
8175 27.6 6.0
7152 24.7 4.8
8123 33.3 9.0
Group 2
6090 311 7.4
7058 30.7 101
8025 30.5 78
8171 31.2 74
3020 29.9 7.2
8066 28.0 8.6
8135 27.2 5.9
8178 29.9 9.6
Group 3
346 131 33
398 359 8.9
6010 27.2 6.0
6096 39.5 9.1
6147 252 6.9
na 35.9 84

dninaunsaumivenunisida - ... 9
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n'rsu.'l]auuuﬂam‘mawmm'nzn'nmm'u'luTﬁuu'lumqnauua..umnaaa'luuna-nqu

psaalaunfiimsazaunaslasiadandwasealuduiiuansaiu 3 nau

Group 1 : mild fatty liver group (Figure 1)
Group 2 : moderate fatty liver group (Figure 2)
Group 3 : severe fatty liver group (Figure 3)

dninineainfum;unndie 10
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Figure 1. Liver section from a cow in group 1, mild fatty liver group (A: 2 weeks

prepartum; B: 1 week postpartum; C: 2 wecks postpartum; D: 3 weeks postpartum;
E: 4 weeks postpartum).

dninawuneaumivayunisity 1
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Figure 2. Liver section from a cow in group 2, moderate fatty liver group (A: 2
weeks prepartum; B: 1 week postpartum; C: 2 weeks postpartum; D: 3 weeks
postpartum; E: 4 weeks postpartum).
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Figure 3. Liver section from a cow in group 3, severe fatty liver group (A: 2 weeks
prepartum; B: 1 week postpartum; C: 2 weeks postpartum; D: 3 weeks postpartum;
E: 4 weeks postpartum).
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Uszlamilaanlasenis
(Output of the research project)

1. Midpadsidunsdnmadsniimiumsadsunamesanndinn  uazms

wWapuwlawtnaiizasloiuludulauniiassludssnalng Tasinuamsdnm
addlwuhlauuiuduiloaadiu Wihdsu  AdesluifumnelwgiBamded
(commercial dairy farm) ludszinalne fidgmazmsmaauaarainasnu
(negative energy balance) lutirisuuazvasaasn nillasandaawinimas
fa anwsuturaclasiedandwasaaludy Jududszduanusuusmasdgm
amzmedugarpway  nmsdnmlasmsdulaunluszazuiunlunisula
vauelisnau 20 @ vms@nsmsiasuulasmeyanmdinnuazanaia
anmtusuradlasiadandiwasealulaunnimuslutnniauuasvdeaaawuh In
uy 30% (6/20) fienusuiuraslasiedandwasaaludutimaiasaadini 50
fiadnSudaniurasdu finaglunduiilu mild fatty liver Tauu 40% (8/20) i
ANutusuradlasioBanfwasealuduriavassaanszniig 50 v 100 Hadndu
danfuzasdy Feimaglunguiidiu moderate fatty liver Taun 30% (6/20) i
ANuNTuraslasadandivasaaluauiisuasraaaginiy 100 fiadndudanin
vouu Hedmaglunguiiiiu severe fatty liver uaashlaunndsaaaaluvidy
wisiidwIngiiitgmmsmaeanaaraandany  dwalilaunmariisaendenud
saulugtnasladululy msamswaslsiuiinniduliazdawaiimsazanses
Touluduiinaiuly uananiimsazmmaslyivludusdinalsiiinms
Wasuwlasmsganmdinewendladadu nandalauanimsasauradlasiedan
SwaseaBinannneznwuraduaduil fat vacuole Uimnannmauiu e fat
vacuolz mzhﬁazziquﬂﬁwaa'ﬁuﬁuu‘mhqj"guLtazﬂﬁ1tﬂ§uaatjﬁﬁauummaﬁ
Tunnzduilanduwusiumhimsmaureagadduiianas uminlums
Fuanzviansiuaideg  wu  nalea  wWiswmhilumsidassiy  (fuedu
vannilanuiaundfiiety iaswinmsazauzadlasiedandiasasluduitinn
Wuldseduwudiullgmgsmn  dgwmssuu@uiiug  esassutlgmiiaadulse
anudaUnameszuumaluddudu 19893 NMNEY ﬁqqmﬁwa:d\mani:ﬂuda
Uszandmmmsudminumaslausluvhd

2. nu"‘;ﬁ'ﬂﬁ-‘?qﬁ'mmsngaaqm-srnﬂauqauaqwé’uw’luTnuuué‘maam:.a:if]tymnaq
mMiiiia fatty liver ’H‘qﬂ'ﬂﬂmu’hﬁmmﬁ'uﬁ'ua'aziwmnr'i’uﬂsquunm dyvins
pdoiun warllgmssuudunuglulausvdnsse  feamnsanaumsly
mstasiudywidenansaly wiu msadu niacin asluamslaungnlndasas
UBTTHUARIDEA  MTESH  choline  Tusimslauundsraan  wianisly

tninnunewumiuaiuns i 14
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propylene glycol id@nlusmaniadaubvunlaunluszeziounaznanaea
Wiuey ‘
- e :c : g - s
3. awifvinhsustayaussdulgymzasnsazanyaslniuludulaunlnlszmalng
& o ’ ’ ' - v - s
Wusdawsn Teaideatnlaumnainiiiunnalvg (Walvladayaldgmandn
4 . , .

wWhenwsmaslaunludszimalnedsdrulvgidosluvisusietnss aasvimsdnmn
Ugwimsazanzasloiuludulaunluvhiunsdes lagldinaiauazisntsidnifu
. aw X X . 3 s T
funuideadi mitwayszlendlumansnnnmsidmleusy uaznmsndmiiuunag

Uszindlneeald

dninsunssyuminayunisido : 15



NANUIN

dun 1.

UNAIINFIMTUNISLHIUNIAINIIaP LR gt aInunIaiuannlaseins iWiagdszlooy

dun 2

Manuscript title : Triacylglycerol Accumulation and Histological Changes in
the Liver of Periparturient Dairy Cows in a Commercial
Dairy Herd in Thailand
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ABSTRACT

We investigated fatty liver problem in dairy cows raised in a commercial
dairy herd in Thailand by determination of triacylglycerol concentrations and
histological changes of the liver. Twenty Holstein-Friesian dry cows were
randomly selected. Liver samples were collected at -2, 1, 2, 3, and 4 wk from
parturition. At -2 wk, mean liver triacylglycerol concentration was 24.3 + 1.0
mg/g of liver. After parturition, we arbitrarily divided cows into three groups
according to their liver triacylglycerol concentrations; 6 cows in mild fatty liver
group, 8 cows in moderate fatty liver group, and 6 cows in severe fatty liver
group. Our results showed that 70% of dairy cows in this herd suffered from
negative energy balance after parturition. Histology revealed that livers of cows
in moderate to severe fatty liver groups had a considerable number of
hepatocytes with fat vacuole. Average milk production during the first 30 d
postpartum was 28 + 6, 31 £ 5, and 34 + 7 kg/d for mild, moderate, and severe
fatty liver groups, respectively; and the milk production in severe fatty liver
group tended to be higher than the milk production in mild or moderate fatty
liver cows, indicating that cows with higher milk -yield tended to enter deeper
negative energy balance postpartum, leading to accumulate greater amount of
triacylglycerols in their livers. In conclusion, we reported the first evidence of
fatty liver problem in high producing dairy cows in Thailand, and it is very likely
that postparturient problems founded Thai dairy herd could related to negative
energy balance and fatty liver. However, further research is required before this
assumption could be made.

(Key words: dairy cow, triacylglycerol, histopathology, liver)

Abbreviation key: BCS = body condition score, NEB = negative energy balance,
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 tc 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 CO2 and water or are re-esterified to triacylglycerols (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).

Heat stress is a major contributing factor in infertility in lactating dairy
cows in hot climate (Wolfenson et al., 2000). In Thailand, some commercial dairy
farms have adopted a cooling system for the cows in order to alleviate any
adverse effects of severe heat stress. It is documented that cows raised in a barn
with evaporative cooling system have lower rectal temperature and respiration
rates than those that are raised in a barn without cooling system (Armstrong et al.,
1985; Armstrong et al.,, 1993). The cooling system is suggested to improve cow
comfort, and eventually could result in an improvement of production in high
producting dairy cows. To dates, there is no report concerning any metabolic
changes, particularly during periparturient period, in cows raised in evaporative
cooling system in Thailand.

It is interesting to study into the biochemical and histological changes of
liver in periparturient dairy cows that are raised in a farm with an evaporative
cooling system. Therefore, the objectives of this study were to determine liver
triacylglycerol concentrations as an indicator of negative energy balance during
periparturient period in randomly selected cows from a commercial dairy farm.
Histological changes of the liver samples were also investigated.

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 532
lactating cows, 112 dry cows, and 550 replacement calves and heifers. The average
milk production of the farm was 11920 kg/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 healthy, pregnant multiparous Holstein Friesian cows were
randomly selected; mean age was 4.9 yr (SD = 2.2), mean 305-d cumulative milk
yield was 7629 kg (SD = 1453), and mean body condition score (BCS) was 3.6 (SD
= 0.3) 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! 08 e

PCL-P2 . 20 .
PCL-F3? 3.8
Wet brewer grain 8.0 7.0 10.0
Corn silage 8.0 12.5 12.5
Peanut hay 35 6.0 6.0
Rice straw - 2.0
Cassava chips 1.0 1.3
Whole cotton seed 0.6 20
Ground cormn . 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.

2Consisting 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.

3Consisting of 44.0% 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

Liver biopsy was obtained using the percutaneous biopsy method as
described by Van den Top (1995). The liver samples-were ccllected about 2 wk (12
+ 7 d (mean * SD) before the anticipated calving date and at 1 (7 £2d}), 2 (14 £ 2
d), 3 (21 £ 2 d), and 4 (28 + 2 d) wk after parturition. 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 1 ml of 10% formalin for histological study. 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 tissue or blood clots were removed. The samples were
weighed in separated tubes for each TAG determination, and were kept at -20°C
until analysis. Triplicate analyses were performed in all liver samples.

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 tissue sections were processed using routine
methology, and stained with hematoxylin and eosin (Preece, 1972).

Statistical Analyses

Data were statistically analyzed using an SPSS com.puter 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 day as a repeated measure.
Comparison of data between sampling day was performed using the paired
Student ¢t test. Data of cows in different groups were compared using one-way
ANOVA. The two-sided level of statistical significance was preset at P < 0.05.

RESULTS AND DISCUSSION

All cows calved normally. One cow was clinically abnormal after
parturition, and this cow had an enormously increase of TAG in her liver.
Therefore, data of milk production and TAG of this cow was excluded from the
analysis.

Liver Triacylglycerols

Mean concentrations of TAG in the liver of 19 cows is presented in Figure
1. At 2 wk before parturition, mean liver TAG concentration was 24.3 + 1.0 (mean
+ SEM) mg/g of liver wet weight, which was in the same range as reported by
Van den Top et al, 1995. At 1, 2, 3, and 4 wk after parturition, mean TAG
concentrations were 61.4 £ 6.3, 61.1 £ 6.4, 57.3 + 6.3, and 57.8 £ 7.8 mg/g of liver
wet weight, respectively, and were significantly higher than the mean
concentration before parturition. It was obvious that all cows increased their liver
TAG concentrations immediately 1 wk after parturition and the concentration
remained at high value throughout 4 wk after parturition. This result confirmed
that periparturient dairy cows increased their fat mobilization which may be
inferred that the cows suffered some degree of NEB.during periparturient period.

*
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Figure 1. Liver triacylglycerol (TAG) concentrations at -2, 1, 2, 3, and 4 wk from
parturition of 20 cows. Data represent mean + SEM. Asterisks indicate
that mean concentrations of liver TAG at 1, 2, 3, and 4 wk after
parturition significantly differed from the mean at -2 wk (P < 0.05).



According to liver TAG concentrations during postpartum, cows were
arbitrarily divided into three groups: mild fatty liver group was the cows that had
liver TAG concentration lower than 50 mg/g of liver wet weight, moderate fatty
liver group was the cows that had liver TAG concentrations between 50 and 100
mg/ g of liver wet weight, and severe fatty liver group was the cows that had liver
TAG concentrations greater than 100 mg/g of liver wet weight. In sum, 6 cows
were in mild, 8 cows were moderate, and 5 cows were severe fatty liver group.
Mean liver TAG concentrations in the three groups are demonstrated in Figure 2

At 2 wk btefore parturition, mean liver TAG concentrations between the 3
groups of cows did not significantly differ. The concentrations increased sharply
in moderate and severe fatty liver groups. At 1, 2, 3, and 4 wk after parturition,
mean liver TAG concentrations of severe fatty liver cows were higher than the
concentrations of the other two groups, and mean concentrations of mild fatty
liver groups did not change too much during the postparturient period. These
results indicated that cows with severe fatty liver might enter deeper negative
energy balance, which could induce a more intensive lipolysis of adipose tissue
than the other two groups. Severe fatty liver cows seemed to have a prolonged
fatty liver as indicated that, during 4 wk after parturition, the mean TAG
concentrations remained high in the liver. This result might relate to the
observation of Rukkwamsuk et al. (1999b) that gluconeogenesis capacity of liver
with high TAG levels is impaired, resulting in a prolonged period of NEB which
is associated with continuing lipolysis of adipose tissue.
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Figure 2. Liver triacylglycerol (TAG) concentrations at -2, 1, 2, 3, and 4 wk from
parturition of 20 cows which were arbitrarily divided into 3 groups
according to the concentrations of liver TAG; mild fatty liver group ((J;
n = 6), moderate fatty liver group(®; n = 8), and severe fatty liver group
(O; n = 5). Data represent means +tSEM. Different letters indicate that
the mean concentrations of liver TAG at the same interval were
significantly different between groups (P < 0.05).



Milk Production

Mean milk yield during the first 30 d of lactation of the cows is
demonstrated in Figure 3. The milk yield inclined very sharply during the first
few days of lactation (Figure 3A). All 19 cows produced an average of 31 + 4 kg/d
during first 4 wk of lactation. Mean milk yield of cows with mild, moderate, and
severe fatty liver were 29 £ 6 (mean t SD), 31 £ 5, and 34 *+ 7 kg/d, respectively.
The mean milk production of cows with severe fatty liver tended to be higher (P =
0.1) than the mean milk production of cows with mild fatty liver (Figure 3B). This
result indicated that high milk yield was associated with NEB and, thus, was a
predisposing factor to the fatty liver development.
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Figure 3. Milk production during the first 30 days after parturition of 20 cows
(A). which were arbitrarily divided into 3 groups according to the
concentrations of liver TAG (B); mild fatty liver group (O; n = 6),
moderate fatty liver group(®; n = 8), and severe fatty liver group (O; n
= 6). Data represent means (tSEM).



Histological Changes of the Liver .

Histological changes of the liver of cows with mild, moderate, and severe
fatty liver are shown in Figure 4 and 5. At 2 wk before parturition, most
hepatocytes from liver sections of mild, moderate, and severe fatty liver cows had
the same microscopic appearance (Figure 4) because liver TAG concentrations at 2
wk before parturition were at the lowest concentration and did not differ between
groups (Figure 2). At 2 wk after parturition, a large number of hepatocytes from
liver sections of severe fatty liver cows contained fat macrovacuoles (Figure 5).
These vacuoles pushed the nucleus of hepatocyte to the periphery, enlarged
hepatocytes, and replaced the normal-staining cytoplasm as also reported by
Cebra et al. (1997). In moderate fatty liver cows, a small number of hepatocytes
contained fat macrovaculoes; however, most hepatocytes contained fat
microvacuole. In mild fatty liver cows, most hepatocytes seemed to be normal
and some hepatocytes contained only fat microvacuole. These findings agreed
with the results of TAG concentrations (Figure 2). In a study of Gaal et al. (1983),
severity of fatty liver was classified into mild (s 50 mg of TAG/g of liver),
moderate (51-100 mg of TAG/g of liver), and severe fatty liver (> 100 mg of
TAG/ g of liver). In their study, mild fatty liver cows contained liver fat between 0
to 20 wrn3/100um3 of liver tissue, moderated fatty liver cows contained liver fat
between 20 to 40 um3/100ums3, and severe fatty liver cows contained liver fat over
40 pm3/100pum3. Rukkwamsuk and Wensing (2002) reported that cows with
greater hepatic TAG accumulation delayed hepatic clearance of bromsulph-
thalein, indicating lower clearance capacity of the liver. West (1990) also found
that the clearance of bromsulphthalein is markedly slower in cows with fatty liver
than in healthy cows. We suggested that accumulation of TAG in the liver would
result in temporarily interfering normal functions of hepatocytes, and, thus, fatty
liver cows are prone to other postparturient problems as always observed in
practice.

CONCILUSIONS

Qur results show that Holstein Friesian cows raised in Thailand could also
develop fatty liver, which is the first evidence in Thailand. It is clear that high
producing cows are prone to the NEB closed to calving and immediately after
calving; however heat stress causing low feed intake of the cow may play an
important role in development of fatty liver. However, in our study, we did not
determine the feed intake of the cows; therefore, the effect of heat stress on the
development of fatty liver in this farm could not be ruled out. Because the farm in
this study applies an evaporative cooling system, some cows may adapt well to
the hot climate, and the feed intake is not influenced by heat stress. Therefore,
these cows only developed a mild fatty liver. The relationship between heat
stress, low feed intake, and the development of fatty liver in cows raised in an
evaporative cooling system still requires further investigations. Moreover,
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Figure 5. Liver section from cows with mild (A), moderate (B), and severe (C)
fatty liver at 2 wk after parturition. Fat macrovacuoles (M) are
prominent in severe fatty liver cow and fat microvacuoles (m) are
prominent in moderate fatty liver cow.
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