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Lipoproteins During the Estrous Cycle in Swine

Ying Liu, R. Scott Rector, Tom R. Thomas, Julia A. Taylor, Denise A. Holiman, Kyle K. Henderson,
Wade V. Welshons, and Michael S. Sturek

he purpose of this study was to examine lipoprotein values at high versus low 17�-estradiol (E2) concentrations in Yucatan

iniature swine. Estrous cycles were measured by heat checking the female on a daily basis using a boar. All swine were fed

1,050-g low-fat, standard chow diet (8% kcal from fat) once per day. Fasted (24 hours) blood samples were collected during

ow (early luteal, day 5) and high (late follicular, day 18) E2 concentrations to determine differences in concentrations of total

holesterol (TC), triglyceride (TG), low-density lipoprotein (LDL-C), high-density lipoprotein cholesterol (HDL-C), and subfrac-

ions. Concentrations of E2 differed significantly from day 5 (3.5 � 0.7 pg/mL) to day 18 (14.2 � 1.8 pg/mL) of the estrous cycle.

xcept for HDL3-C, all lipoprotein parameters examined were significantly elevated during high E2 versus low E2. TC/HDL-C

nd LDL-C/HDL-C ratios were significantly lower during the high E2 phase. These results suggest that lipoprotein concen-

rations fluctuate during the estrous cycle of swine, with high E2 concentrations associated with elevated lipoprotein

oncentrations.

2004 Elsevier Inc. All rights reserved.
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HE DEVELOPMENT of coronary heart disease appears
to be reduced in the presence of female sex hormones.

he similarities between swine and human physiology make
iniature swine an attractive model for the study of cardiovas-

ular disease and diabetes.1-2 While data exist on lipid changes
uring elevated 17�-estradiol (E2) in the female menstrual
ycle,3-5 little information is available regarding the lipid fluc-
uations during the swine estrous cycle. It is important to
haracterize the lipid response during the estrous cycle in swine
n order to further elucidate the appropriateness of the swine as

model in human diseases, especially those relevant to fe-
ales. If found, these fluctuations must be accounted for in

esearch designs using the swine model. Thus, the purpose of
his study was to determine lipoprotein concentrations at high
nd low E2 concentrations in miniature swine.

MATERIALS AND METHODS

Ten female Yucatan miniature swine (Sinclair Research Center,
olumbia, MO) (0.5 years and 33.0 � 1.2 kg) had estrous cycles
easured by heat checking with boar exposure as previously described

y Bearden and Fuquay6 (ovulation � day 0), a procedure previously
sed by our group.1

The pigs were housed in stainless steel cages, quartered in pairs, and
eparately fed approximately 1,050 g/d (�3,000 kcal) of low-fat pig
how (PMI Nutrition International, Brentwood, MO), containing 22%
f kcal from protein, 8% from fat, and 70% from carbohydrate.
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Blood samples were collected via vascular access port at every day
(early luteal, low E2) and day 18 (late follicular, high E2) for each

onsecutive cycle between 8 and 9 AM after a 24-hour fast. Plasma total
holesterol (TC) and triglyceride (TG) concentrations were analyzed
nzymatically using diagnostic kits (Sigma, St Louis, MO). Plasma
oncentrations of total high-density lipoprotein cholesterol (HDL-C),
DL2-C, and HDL3-C were analyzed using a modified heparin-
nCl2–dextran sulfate method.7 Plasma concentration of low-density

ipoprotein cholesterol (LDL-C) was calculated using the Friedewald
quation.8 In our hands, estimated LDL-C calculated from the Freide-
ald equation and measured LDL-C separated by ultracentrifugation
ere highly correlated at r � .94 (n � 62 swine) (unpublished obser-
ations). Plasma concentrations of E2 were analyzed by radioimmu-
oassay with an antibody specific for 17�-estradiol.1

Average concentrations of E2 for 2 consecutive cycles and lipopro-
eins for 3 consecutive cycles were used in statistical analyses. Paired
tests were performed using Sigma Statistics version 2.0 (SPSS Inc,
hicago, IL). Significance was set at P � .05. Values are reported in
eans � SE.

RESULTS AND DISCUSSION

The lipoprotein profile did not differ for each phase across
hree separate cycles (data not shown). E2 concentrations dif-
ered significantly from early luteal (day 5) to late follicular
day 18) in the cycle (3.5 � 0.7 pg/mL v 14.2 � 1.8, respec-
ively). All of the lipoprotein parameters, except HDL3-C, were
ignificantly elevated during high E2 versus low E2 (Fig 1).
wo thirds of the elevation in TC was accounted for by in-
reases in HDL-C, resulting in lower TC/HDL-C and LDL-C/
DL-C ratios during the high E2 measurement (Fig 1).
In addition to increased HDL-C concentrations, LDL-C con-

entrations also were significantly elevated during the high E2
hase. Elevated HDL-C during high E2 agrees with the major-
ty of human studies.4,5 However, results on TC and LDL-C in
uman studies are more equivocal, with these lipids increased,5

ecreased,3 or unchanged4 during phases with high E2.
In contrast to our results, data from estrogen therapy studies

ndicate that TC and LDL-C are consistently decreased with
9
strogen intake. However, the plasma concentrations and
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141LIPOPROTEINS DURING SWINE ESTROUS CYCLE
hemical structure of synthetic estrogen used in estrogen ther-
py studies differ from endogenous estrogen, which makes
hese results difficult to compare to the present data.9 It also is

Fig 1. Lipoprotein concentrations and ratios during low E2 and

igh E2 phases of the estrous cycle. Values are means � SE.

Significantly elevated during high E2 phase, P < .05. #Significantly

ower during high E2 phase, P < .05.
ikely that lipoproteins are affected by fluctuations in other V
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ormones, such as progesterone,4,5 and these variables were not
easured in the present study.
The relatively large increase in HDL-C during high E2

uggests a cardioprotective effect during the late follicular
hase of the cycle.10 However, the significant increase in
DL-C may counter this protection. In humans, small reduc-

ions in the TC/HDL-C ratio are associated with a substantial
ecrease in the risk for coronary heart disease, especially at
ower ratios.10 However, it is unknown if the modest decrease
n the TC/HDL-C ratio in the present study would significantly
ower the risk in these swine.

The results of this study are important because they further
escribe the physiological characteristics of a widely used
wine model. In conclusion, these results suggest that lipopro-
ein concentrations fluctuate during the estrous cycle of swine,
ith high E2 concentrations associated with elevated lipopro-

ein concentrations, and these fluctuations should be considered
n designing research protocols using the miniature swine
odel.

ACKNOWLEDGMENT

We are grateful to Rob Boullion and Jim Wenzel for instruction in
he surgical implantation and use of vascular access ports and Jim

uchetich for anesthesia support.
CES
1. Laughlin MH, Schrage WG, McAllister RM, et al: Interaction of
ender and exercise training: Vasomotor reactivity of porcine skeletal
uscle arteries. J Appl Physiol 90:216-227, 2001
2. Hainsworth DP, Katz ML, Sanders DA, et al: Retinal capillary

asement membrane thickening in a porcine model of diabetes mellitus.
omp Med 52:523-529, 2002
3. Ahumada HH, Valles de Bourges V, Juarez AJ, et al: Variations

n serum lipids and lipoproteins throughout the menstrual cycle. Fertil
teril 44:80-84, 1985
4. Azogui G, Ben-Shlomo I, Zohar S, et al: High density lipoprotein

oncentration is increased during the ovulatory phase of the menstrual
ycle in healthy women. Gynecol Endocrinol 6:253-257, 1992

5. Tonolo G, Ciccarese M, Brizzi S, et al: Cyclical variation of
lasma lipids, apolipoproteins, and lipoprotein(a) during menstrual
ycle of normal women. Am J Physiol 269:E1101-1105, 1995
W (ed): Applied Animal Reproduction. Upper Saddle River, NJ,
rentice-Hall, 1997, pp 52-87
7. Dias VC, Parsons HG, Boyd ND, et al: A dual-precipitation
ethod evaluated for determination of high-density lipoprotein (HDL),
DL2, and HDL3 cholesterol concentrations. Clin Chem 34:2322-
327, 1988
8. Friedewald WT, Levy RI, Fredrickson DS: Estimation of the

oncentration of low-density lipoprotein cholesterol in plasma, without
se of the preparative ultracentrifuge. Clin Chem 18:499-502, 1972
9. Koh KK, Cardillo C, Bui MN, et al: Vascular effects of estrogen

nd cholesterol-lowering therapies in hypercholesterolemic postmeno-
ausal women. Circulation 99:354-360, 1999
10. Lemieux I, Lamarche B, Couillard C, et al: Total cholesterol/

DL cholesterol ratio vs LDL cholesterol/HDL cholesterol ratio as
ndices of ischemic heart disease risk in men. Arch Intern Med 161:

685-2692, 2001


	Lipoproteins During the Estrous Cycle in Swine
	MATERIALS AND METHODS
	RESULTS AND DISCUSSION
	ACKNOWLEDGMENT
	REFERENCES


