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modifies components of the insulin-like growth
The objective of this study was to evaluate the effects of a single intramammary infusion of Panax ginseng
extract (GS) on insulin-like growth factors (IGF) in bovine mammary gland during early involution. Eight
mammary quarters from six nonpregnant cows in late lactation were infused with 10 mL of ginseng
extract solution (3 mg/mL), six quarters were treated with 10 mL of placebo (vehicle alone) and six quar-
ters were maintained as uninoculated controls. Milking was interrupted after infusion. Concentrations of
IGF1 in mammary secretions were higher in GS-treated quarters than in placebo and uninoculated con-
trol quarters at 24, 48 and 72 h post-treatment (p < 0.05). Treatment with GS did not affect mammary
secretion of IGF2 (p = 0.942). At 7 d of post-lactational involution, a decrease of immunostained area
and mRNA expression for IGF1 was observed in mammary tissue of GS-treated quarters compared with
placebo-treated quarters and uninoculated controls (p < 0.05). The IGF2 immunostained area and mRNA
expression for this growth factor were not affected by GS treatment (p = 0.216 and p = 0.785, respec-
tively). An increase in protein levels and mRNA expression in mammary tissue of IGFBP3, IGFBP4 and
IGFBP5 was observed in GS-treated quarters compared with placebo-treated quarters and uninoculated
controls (p < 0.05). These results provide evidence that intramammary inoculation of GS extract at cessa-
tion of milking may promote early mammary involution through the inhibition of IGF1 local production
and bioavailability.

� 2013 Published by Elsevier Ltd.
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1. Introduction

Mammary gland involution is characterized by gradual changes
in secretion composition and regression of secretory tissue. The
nonlactating interval, commonly referred to as the dry period, is
an important determinant to achieve maximal milk production in
the subsequent lactation (Remond et al., 1997; Capuco and Akers,
1999). Several studies have been carried out to define the optimal
dry period length to maximize milk yield in the subsequent lacta-
tion; being a dry period of 45–60 d between lactations generally
recommended (Bachman and Schairer, 2003). Development of
schemes that increase persistence of lactation minimizing the
length of the dry period have been proposed. Among them,
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strategies directed to hasten mammary gland involution may con-
tribute to elevate concentration of natural protective components
and to enhance milk yield during the subsequent lactation (Capuco
and Akers, 1999; Wedlock et al., 2004). This approach requires a
thorough understanding of mechanisms involved in mammary
changes during involution. However, there is little information
about effects of compounds that could potentially enhance mam-
mary involution at cessation of milking (Oliver and Sordillo,
1989; Dallard et al., 2007; Baravalle et al., 2010).

Insulin-like growth factors (IGF) play a pivotal role in tissue
homeostasis, regulating cell proliferation, differentiation and
migration both during development and in the adult (Le Roith,
2003; Flint et al., 2008). Insulin-like growth factor 1 suppresses
the apoptosis of murine primary mammary epithelial cells (MEC)
in culture (Marshman et al., 2003) and bovine mammary cells in
tissue culture (Accorsi et al., 2002). The importance of IGF as anti-
apoptotic factor has also been demonstrated in murine mammary
gland models in vivo (Flint et al., 2000). Insulin-like growth factors
activities are modulated by high-affinity interactions with a family
Panax ginseng extract in the bovine mammary gland at cessation of milking
n. Res. Vet. Sci. (2013), http://dx.doi.org/10.1016/j.rvsc.2013.01.009

http://dx.doi.org/10.1016/j.rvsc.2013.01.009
mailto:bdallard@fcv.unl.edu.ar
http://dx.doi.org/10.1016/j.rvsc.2013.01.009
http://www.sciencedirect.com/science/journal/00345288
http://www.elsevier.com/locate/rvsc
http://dx.doi.org/10.1016/j.rvsc.2013.01.009
Original text:
Inserted Text
givenname

Original text:
Inserted Text
surname

Original text:
Inserted Text
bibidallard@hotmail.com

Original text:
Inserted Text
givenname

Original text:
Inserted Text
surname

Original text:
Inserted Text
givenname

Original text:
Inserted Text
surname

Original text:
Inserted Text
givenname

Original text:
Inserted Text
surname

Original text:
Inserted Text
givenname

Original text:
Inserted Text
surname

Original text:
Inserted Text
givenname

Original text:
Inserted Text
surname

Original text:
Inserted Text
givenname

Original text:
Inserted Text
surname

Original text:
Inserted Text
ml 

Original text:
Inserted Text
mg/ml), 

Original text:
Inserted Text
ml 

Original text:
Inserted Text
45 to 60 



75

76

77

78

79

80

81

82

83

84

85

86

87

88

89

90

91

92

93

94

95

96

97

98

99

100

101

102

103

104

105

106

107

108

109

110

111

112

113

114

115

116

117

118

119

120

121

122

123

124

125

126

127

128

129

130

131

132

133

134

135

136

137

138

139

140

141

142

143

144

145

146

147

148

149

150

151

152

153

154

155

156

157

158

159

160

161

162

163

164

165

166

167

168

169

170

171

172

173

174

2 B.E. Dallard et al. / Research in Veterinary Science xxx (2013) xxx–xxx

YRVSC 2342 No. of Pages 10, Model 5G

25 January 2013
of structurally related IGF-binding proteins (IGFBPs), i.e. IGFBP1
through IGFBP6. These proteins are known to regulate circulating
levels of IGF, and have been reported to inhibit or to enhance
IGF1 action, depending on the system under investigation (Flint
et al., 2000). Messenger ribonucleic acid (mRNA) for all six IGFBPs
has been detected in mammary tissue of several species and, sim-
ilar to IGF1, their expression patterns and relative levels vary con-
siderably between stages of development (Plath-Gabler et al.,
2001; Flint et al., 2005). The distinct expression pattern of each
IGFBPs during different stages of mammary development suggests
specialized roles, although data on specific functions of individual
IGFBPs in normal development of the mammary gland are limited
(Sakamoto et al., 2007).

Panax ginseng C.A. Meyer as a traditional medicine has been uti-
lized in China for at least 2000 years. Ginseng saponins, or ginseno-
sides, are considered to be the active substances in total ginseng
extracts. The therapeutic effect of ginseng root is related to stimu-
lation of natural resistance against infections (Scaglione et al.,
1990). P. ginseng extracts (GS), consisting mainly of saponins, have
been found to possess various effects on the immune system, such
as lymphocyte proliferation enhancement, cytokine production
stimulation by macrophages, and phagocytic activity improvement
of macrophages and polymorphonuclear leukocytes (Scaglione
et al., 1990; Kim et al., 1990; Larsen et al., 2004). In addition, GS
has potential as a chemopreventive agent through mechanisms that
include inhibition of deoxyribonucleic acid (DNA) damage (Park
et al., 2005), induction of apoptosis by oxidative stress (Volate
et al., 2005), and inhibition of cell proliferation (Kang et al., 2005).

Previous investigations in vivo and in vitro with GS have shown
that the dry root extract has immunomodulatory and adjuvant ef-
fects in the bovine udder (Hu et al., 2001, 2003; Baravalle et al.,
2010, 2011). Recent studies from our laboratory have demon-
strated that intramammary infusion of GS extract in cows at cessa-
tion of milking increased the rate of mammary cell apoptosis
without inhibiting cell proliferation leading to enhancement of
mammary regression rate during early involution (Dallard et al.,
2011). In an attempt to provide further information about the
mechanisms underlying ginseng activity during early involution,
we examined the effects of a single intramammary infusion of GS
extract at cessation of milking on mRNA expression and detection
of IGF components in the bovine mammary tissue and IGF1 and
IGF2 concentrations in mammary secretions.
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2. Materials and methods

2.1. Ginseng extract

Ginseng dry extract was kindly provided by Indena Company
(Indena� SpA, Milan, Italy). The spectrophotometric content of sap-
onins expressed as ginsenoside Rg1 with the reference to the dried
substance was 27%. High performance liquid chromatography con-
tents of protopanaxatriol ginsenosides Rg1, Rf, Re, calculated as Rg1

and of protopanaxadiol ginsenosides Rc, Rd, Rb2, Rb1 calculated as
Rb1, with reference to the dried substance was 23.9%.

The GS solution was prepared by dissolving the extract in pyro-
gen free 0.89% NaCl saline solution to a final concentration of 3 mg
ginseng extract per mL, sterilized by filtering through 0.22-lm pore
diameter filter and then sealed in sterilized 250 mL glass bottles.
The solution was prepared 1 d before infusion and stored at 4 �C.
Sterility was checked seeding 100 lL in Columbia agar with 5% calf
blood and incubating overnight at 37 �C. The endotoxin level in the
purified GS solution was examined by Pyrotel Limulus amebocyte
lysate assay kit (Associates of Cape Cod) according to the manufac-
turer’s instructions. The levels of endotoxin in GS at 10 mg/mL were
lower than the detection limit of the test (<0.05 ng/mL) indicating
Please cite this article in press as: Dallard, B.E., et al. Intramammary infusion of
modifies components of the insulin-like growth factor system during involutio
that the biological effects of GS were not due to endotoxin contam-
ination. Ginseng extract dose (3 mg/mL) yielding the highest so-
matic cell count (SCC) response without gross mammary swelling
or systemic adverse effects (i.e. elevated rectal temperature and
increase in respiratory frequency), was selected as previously
described (Baravalle et al., 2011).

2.2. Animals and treatment design

Six Holstein non-pregnant cows in late lactation (weeks 31–36)
from the Rafaela Experiment Station of Instituto Nacional de Tec-
nología Agropecuaria (INTA) producing approximately 10 kg of
milk per day prior to experimentation were used. Cows used in this
study were from parity 3 to 5, and were milked twice daily before
initiation of the study. All the procedures were carried out accord-
ing to the Guide for the Care and Use of Agricultural Animals in
Agricultural Research and Teaching, Federation of Animal Sciences
Societies (FASS, 1999). The animals were selected based on previ-
ous bacteriological studies and somatic cell counts. All the quarters
used in this experiment were free of infection.

The treatment design has been described in detail previously
(Baravalle et al., 2010). Mammary quarters were randomly as-
signed to each of three treatment groups, verifying that within
each udder all treatments were administered. The treatment unit
of study was the mammary quarter. Briefly, eight quarters were in-
fused with 10 mL of ginseng solution (3 mg/mL), six quarters were
treated with 10 mL of placebo (saline solution) and six quarters
were maintained as uninoculated controls. Two quarters of pla-
cebo-inoculated and of noninoculated cows were not considered
for the treatment owing to high SCC at the time of inoculation. In
all cases, milking was interrupted after intrammamary infusion.

2.3. Mammary secretion samples

Samples of mammary gland secretion were aseptically collected
using standard procedures (Oliver et al., 2004) 72 h before GS
administration, immediately before inoculation and 24, 48, and
72 h post-treatment (pt) as previously described (Baravalle et al.,
2010). The first two streams of mammary secretion from each gland
were discarded, the next 5 mL were collected in sterile plastic vials
for bacteriological analysis and then 30 mL were collected into plas-
tic vials for subsequent growth factor analyses. The latter samples
were centrifuged at 1500g for 20 min at 4 �C, and the upper lipid
layer was removed. A portion of the skimmed secretion was centri-
fuged at 13,000g for 30 min at 4 �C, and the supernatant was har-
vested and stored frozen at �20 �C for subsequent IGF1 and IGF2
analyses by radioimmunoassay (RIA) and enzyme-linked immuno-
sorbent assay (ELISA), respectively. Bacteriological analysis was
carried out according to standard procedures (Oliver et al., 2004).

2.4. Tissue sample preparation

Animals included in the three groups were slaughtered at 7 d
after inoculation at a local abattoir and samples for histological
analysis were taken. Immediately after cows were slaughtered tis-
sue samples were obtained from three zones of mammary quarters
following previous descriptions (Dallard et al., 2011). Briefly, mam-
mary tissue was obtained from the base of the gland adjacent to
the gland cistern (zone 1), midway between the gland cistern
and dorsal boundary of the gland (zone 2) and near the dorsal
mammary border (zone 3). All zones were approximately oriented
along an axis through the centre of the gland in line with the teat.
Tissue samples of approximately 1 cm3 were fixed in 4% neutral
buffered formalin, for 8 h at 4 �C and then washed in phosphate-
buffered saline (PBS; pH 7.4; 0.01 M). For light microscopy, fixed
tissues were dehydrated and embedded in paraffin wax. Sections
Panax ginseng extract in the bovine mammary gland at cessation of milking
n. Res. Vet. Sci. (2013), http://dx.doi.org/10.1016/j.rvsc.2013.01.009
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Original text:
Inserted Text
31-36) 

Original text:
Inserted Text
1,500 × 

Original text:
Inserted Text
4°C, 

Original text:
Inserted Text
4°C, 

Original text:
Inserted Text
-20°C 

Original text:
Inserted Text
4°C 



197

198

199

200

201

202

203

204

205

206

207

208

209

210

211

212

213

214

215

216

217

218

219

220

221

222

223

224

225

226

227

228

229

230

231

232

233

234

235

236

237

238

239

240

241

242

243

244

245

246

247

248

249

250

251

252

253

254

255

256

257

258

259

260

261

262

263

264

265

266

267

268

269

270

271

272

273

274

275

276

277

278

279

280

281

282

283

284

285

286

287

288

289

290

291

292

293

294

295

296

297

298

299

300

301

302

303

304

305

306

307

308

309

310

311

312

313

314

315

316

317

318

319

320

B.E. Dallard et al. / Research in Veterinary Science xxx (2013) xxx–xxx 3

YRVSC 2342 No. of Pages 10, Model 5G

25 January 2013
(5 lm) were mounted on slides previously treated with 3-amino-
propyltriethoxysilane (Sigma–Aldrich, St. Louis MO, USA) and as-
signed for staining with haematoxylin and eosin for mammary
gland structures preliminary observation or for use in immunohis-
tochemistry (IHC) procedures (Dallard et al., 2011). Additional sec-
tions of mammary tissues were transferred into a freezing vial,
weighed and placed in liquid nitrogen for gene expression assays.

2.5. Quantification of IGF1 and IGF2 in mammary secretion

For RIA of IGF1, 15 ll of whey or IGF1 standards were subjected
to the acid–ethanol cryo-precipitation method as previously de-
scribed (Lacau-Mengido et al., 2000). The concentration of IGF1
was determined using an antibody (UB2-495) provided by Drs. L.
Underwood and J.J. Van Wyk, and distributed by the Hormone Dis-
tribution Program of the National Institute of Diabetes and Diges-
tive and Kidney Disease (NIDDK), USA. Recombinant human IGF1
(rhIGF1, Chiron Corp., Emeryville, CA, USA) was used as radioligand
and unlabeled ligand. The assay sensitivity was 6 pg/tube. Intra
and interassay coefficients of variation were 8.2% and 14.1%,
respectively.

For IGF2 determination in whey samples a competitive ELISA
was developed. Assay conditions (i.e. antibody coating and the
antigen biotinylated mass, reagent dilutions and incubation times)
were optimized using a checkerboard binding approach and IGF2
(Novozymes, GroPep Ltd., Australia) as a reference standard. All
samples were run in duplicate on the same plate. Polystyrene
microplates (Maxisorp Nunc, NY, USA) were coated overnight at
4 �C with 100 ll of anti-IGF2 antibody (EAA-PAAL-1, Novozymes
GroPep, 100 ng/well) in sodium carbonate buffer (0.1 M, pH 9.6).
Wells were washed three times with PBS and blocked for 2 h at
25 �C with 3% w/v bovine serum albumin (BSA; Sigma–Aldrich) in
PBS (blocking buffer). Insulin-like growth factor 2 was diluted in
blocking buffer at a starting concentration of 10 lg/mL with serial
twofold dilutions. Whey samples were diluted 1:2 in blocking buf-
fer. Fifty microlitres of both standard and sample dilutions were
added to the respective wells before being washed with PBS-
0.05% Tween-20 (PBST). An equal volume of biotinylated IGF2
(Novozymes GroPep, 50 ng/well) was added to each well and
microplates were incubated for 2 h at 25 �C. Before washes with
PBST, microplates were incubated for 2 h at 25 �C with 100 lL of
extravidin-peroxidase (Sigma Aldrich, dilution 1:5000). After the
final wash step, microplates were developed with 3, 30, 5, 5-tetra-
methylbenzidine (TMB; Zymed San Francisco CA, USA) and the
reaction was stopped with 2 M HCl. The absorbance of each well
was measured at 450 nm using a microplate reader (Multiskan
EX, Thermo Electron Co., Vantaa, Finland). Negative controls were
prepared using blocking buffer. The standard curve was con-
structed by plotting the absorbance values versus the log values
of the IGF2 concentration. The detection limit was established as
the value that differed by three standard deviations from the neg-
ative controls and the ELISA sensitivity was calculated as the slope
of the standard curve.

2.6. Immunohistochemistry

A streptavidin–biotin immunoperoxidase method was per-
formed as described by Dallard et al. (2008). Briefly, sections were
dewaxed, hydrated and subjected to microwave pretreatment in
citrate buffer (pH 6.0) for antigen retrieval. Endogenous peroxidase
activity was blocked with 1% H2O2 in methanol and non-specific
binding was blocked with 10% normal goat serum (Sigma Aldrich).
Tissue sections were incubated with the first antibody overnight at
4 �C. The polyclonal antibodies (Novozymes GroPep) used for the
detection of IGF were: anti IGF1 (PabCa, dilution 1:100), anti
IGF2 (EAA-PAAL 1, dilution 1:100), anti IGFBP3 (PAAJ-1, dilution
Please cite this article in press as: Dallard, B.E., et al. Intramammary infusion of
modifies components of the insulin-like growth factor system during involutio
1:200), anti IGFBP4 (PAAG-1, dilution 1:100), anti IGFBP5 (PAAF-
1, dilution 1:75). Slides were washed with PBS and incubated at
room temperature for 30 min with a biotin-conjugated anti-rabbit
IgG antibody (1:200; Zymed) as a secondary reagent. Visualization
of antigen–antibody reaction was by the streptavidin peroxidase
method (BioGenex, San Ramon CA, USA) and 3.3-diaminobenzidine
(Liquid DAB-Plus Substrate Kit-Zymed) was used as chromogen.

Negative control sections were included in which the primary
antibody was replaced by non-immune rabbit serum (Dallard
et al., 2008). To exclude the possibility that endogenous peroxidase
activity was unsuccessfully blocked, some sections were incubated
with DAB reagent alone. Serial sections of similarly processed tis-
sue samples of liver were used as positive controls in each assay
to normalize the image analysis.

2.7. RNA extraction

Total RNA was extracted from frozen mammary tissue samples
using Trizol LS Reagent (Invitrogen, CA, USA), following the
manufacturer’s instructions with slight modifications. Briefly,
50–100 mg of tissue was homogenized with 1 mL of Trizol reagent
(Invitrogen) and incubated for 10 min at 25 �C. RNA was purified
by vigorously homogenizing with chloroform and incubated for
15 min at 4 �C. After centrifugation at 12,000g, the aqueous phase
was incubated with an equal volume of isopropanol for 30 min at
�20 �C and centrifuged at 12,000g to obtain the total RNA pellet;
that was then washed with 75% ethanol for 10 min at 4 �C. Alcohol
was replaced by diethylpyrocarbonate water (Sigma Aldrich) pre-
warmed at 55–60 �C. Total RNA content was determined spectro-
photometrically at 260 nm; then samples were aliquoted and
stored at �80 �C until further use.

2.8. Reverse transcriptase polymerase chain reaction (RT-PCR)

To avoid putative genomic DNA contamination, RNA samples
were treated with DNAse (Invitrogen) according to the manufac-
turer’s instructions. Single stranded cDNA was reverse transcribed
from total RNA that had been treated with DNAse using a master
mix (MMLV buffer, DTT, RNA out, M-MMLV reverse transcriptase,
dNTP) and random primers (Invitrogen). The reverse transcription
conditions consisted of 10 min of annealing at 25 �C, 50 min of
cDNA synthesis at 37 �C and 15 min of inactivation at 70 �C.

Conditions for the enzymatic amplification were optimized. Ten
nanograms of cDNA previously quantified by the Qubit method
(Invitrogen) were used for the polymerase chain reaction (PCR).
Primer sequences of IGF1, IGF2 and IGFBP3 were taken from earlier
publications (Pfaffl et al., 2002): IGF1 forward 50-TCG CAT CTC TTC
TAT CTG GCC CTG T-30 and IGF1 reverse 50-GCA GTA CAT CTC CAG
CCT CCT CAG A-30; IGF2 forward 50-GAC CGC GGC TTC TAC TTC AG-
30 and IGF2 reverse 50-AAG AAC TTG CCC ACG GGG TAT-30; IGFBP3
forward 50-ACA GAC ACC CAG AAC TTC TCC T C-30 and IGFBP3 re-
verse 50-GCT TCC TGC CCT TGG A-30. Primer sequences of IGFBP4
and IGFBP5 were those used previously by Plath-Gabler et al.
(2001): IGFBP4 forward 50-GCC CTG TGG GGT GTA CAC-30 and
IGFBP4 reverse 50-TGC AGC TCA CTC TGG CAG-30; IGFBP5 forward
50-TGC GAG CTG GTC AAG GAG-30 and IGFBP5 reverse 50-TCC TCT
GCC ATC TCG GAG-30. The b-actin gene sequence was included as
housekeeping: forward primer 50-CGG AAC CGC TCA TTG C C-30

and reverse 50-ACC CAC ACT GTG CCC ATC T A-30 and the primer se-
quence was designed from the bovine sequence (GenBank acces-
sion no. BT030480). A master mix of the following reaction
components was prepared to the indicated end concentration:
14.9 ll water, 0.75 ll MgCl2 (50 mM), 0.625 ll forward primer
(20 mM), 0.625 ll reverse primer (20 mM), 0.2 lL dNTP (25 mM)
Taq buffer 10� (2.5 ll, Invitrogen) and Taq polymerase (5 U/ll,
Invitrogen). cDNA diluted in 3 ll of every sample was added to
Panax ginseng extract in the bovine mammary gland at cessation of milking
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the master mix solution. Amplification conditions included 30
(IGF1 and 2, IGFBP3 and 4), 31 (b-actin) or 33 (IGBP5) cycles of dena-
turation at 94 �C for 1 min, annealing at 58 �C (IGFBP3), 60 �C (IGF2
and IGFBP4), 62 �C (IGF1) or 63 �C (IGFBP) for 30 s and extension at
72 �C for 1.5 min. A single denaturation step at 94 �C for 3 min and
a final extension step at 72 �C for 10 min were performed. Poly-
merase chain reaction products were analyzed by agarose gel elec-
trophoresis and the relative signal intensities of all examined
factors were assessed after normalization based on the b-actin
PCR signal intensities.

2.9. Image analysis

Image analysis was performed using the Image Pro-Plus 3.0.1
system (Media Cybernetics, Silver Spring, MA). Images were digi-
tized with an Olympus C5060 digital camera mounted on a con-
ventional light microscope (Olympus BH-2; Olympus Co., Tokyo,
Japan) using objective magnification of 40�. Image resolution
was set to 1200 � 1600 pixels. Each pixel of the image corre-
sponded to 0.13 lm at the respective magnification and each field
represented a tissue area of 0.031 mm2. The system captured each
image and automatically corrected for background. This prevented
differential readings due to different lighting conditions. No further
image processing was done. Details of image analysis as a valid
method for quantifying expression levels and the methodological
details were previously described (Dallard et al., 2008; Baravalle
et al., 2011; Dallard et al., 2011). Briefly, the immunohistochemical
stained area (IHCSA) for each antibody reaction was calculated as a
percentage of total area evaluated through the color segmentation
analysis that extracts objects by locating all objects of the specific
color (brown stain). The brown stain was selected with a sensitiv-
ity of 4 (maximum 5) and a mask was next applied to make sepa-
ration of colors permanent. The IHCSA (% of black area) was
calculated from at least 50 images in each one of the following
structures: alveoli, ducts and interstitial tissue. Insulin-like growth
factor 1 and 2, IGFBP3, IGFBP4 and IGFBP5 expressions were eval-
uated by positive IHCSA.

For IGF1 and 2, IGFBP3, IGFBP4 and IGFBP5 mRNA expressions,
images of gels were captured by a digital camera (Olympus).
Growth factors mRNA levels were expressed as a ratio between
the integrated optical density band of each growth factor and the
corresponding band of b-actin.

2.10. Statistical analysis

A statistical software package SAS (1999) was used to perform
statistical analysis. Differences in growth factors and binding pro-
teins by IHC and RT-PCR assays between groups were assessed by a
Kruskal–Wallis non-parametric test, followed by Bonferroni as a
multiple comparison test. Data for IGF1 and 2 in mammary secre-
tion were analyzed using the general linear model procedure for
repeated measures. The model tested for main effects of treatment
(GS, placebo or uninoculated controls). Time (0, 24, 48 and 72 h)
was included as a repeated measure. To identify differences in
the levels of each factor (treatment and time) a Duncan post test
was used. A value of p < 0.05 was considered significant. Results
were expressed as mean ± SEM (standard error of the mean).
Fig. 1. IGF1 (A) and IGF2 (B) concentrations in mammary secretion from quarters
treated with ginseng extract, placebo and uninoculated controls at 0 h (immedi-
ately before inoculation) and 24, 48 and 72 h post-treatment. Values represent the
mean ± standard error of the mean (SEM). (A) Effects of treatment (p < 0.001).
Means (a and b) for each time period without a common letter differ (p < 0.05). (B)
Effects of treatment (p = 0.868).
3. Results

3.1. Clinical signs and bacteriological examination

Infusion of GS into udder quarters at cessation of milking did not
result in systemic effects in any cow. Macroscopic changes in mam-
mary secretions and moderate swelling were observed in mammary
Please cite this article in press as: Dallard, B.E., et al. Intramammary infusion of
modifies components of the insulin-like growth factor system during involutio
quarters of GS-treated group at 24 h. All samples from mammary
gland secretions yielded no bacterial growth. No side effects, other
than those mentioned, were observed during the treatment period
with the selected dose.

3.2. Concentrations of IGF1 and IGF2 in mammary secretion

Concentrations of IGF1 in mammary secretions were affected by
GS treatment (p < 0.001). This effect was observed along the sam-
pling period (Fig. 1A). At 24, 48 and 72 h pt the IGF1 concentrations
were higher in mammary secretions of GS-treated quarters than in
mammary secretions of placebo-treated quarters and uninoculated
controls (p < 0.05; Fig. 1A).

No effect of GS treatment was observed on IGF2 concentration
in mammary secretions (p = 0.868; Fig. 1B).

3.3. Immunohistochemistry of IGF family members

The positive immunohistochemical reaction for IGF family pro-
teins (IGF1 and 2, IGFBP3, IGFBP4 and IGFBP5) was detected by
brown cytoplasmic staining and evaluated by the IHCSA. Differ-
ences in the pattern of localization and IHCSA for each protein
were observed within the mammary gland. Effects of GS treatment
on IHCSA for IGF1 and IGF2, IGFBP3, IGFBP4 and IGFBP5 at 7 d of
post-lactational involution are shown in Fig. 2.

Immunostaining for IGF1 was seen in every treatment groups,
ranging from weak to intense, and was mainly associated with
mammary parenchyma structures. Expression of IGF1 was primar-
ily associated with the epithelial cells of the alveoli and ducts with
strong staining in the cytoplasmic area around their nuclei (Fig. 3).
Macrophages and fibroblasts in the interlobular stroma showed
intense cytoplasm staining. At 7 d of post-lactational involution,
Panax ginseng extract in the bovine mammary gland at cessation of milking
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a decrease of immunostained area for IGF1 was observed in GS-
treated quarters compared with placebo and uninoculated control
quarters (p < 0.05; Fig. 2A).

Immunostaining pattern for IGF2 was similar to IGF1 (Fig. 3). No
differences in percentages of IHCSA for IGF2 between GS-treated
quarters, placebo and uninoculated control quarters were detected
(p = 0.216; Fig. 2B).

The positive immunohistochemical reaction for IGFBP3, IGFBP4
and IGFBP5 was associated with stromal and parenchymal tissues
showing similar pattern of localization (Fig. 3). Intense immunore-
action of alveolar epithelial cell cytoplasms and ducts was ob-
served. Macrophages in the lumen of the alveoli and in the
stroma showed strong immunostaining. Furthermore, neutrophils,
lymphocytes and fibroblast, as well as endothelium of smooth ves-
sels, showed intense staining in their cytoplasm. The percentages
of IHCSA for IGFBP3, IGFBP4 and IGFBP5 were greater in GS-treated
quarters compared with placebo-treated quarters and uninocu-
lated controls (p < 0.05; Fig. 2C–E).

No differences in percentages of IHCSA between mammary
zones sampled for the five evaluated proteins were detected
(p = 0.853), either in GS-treated quarters, placebo treated quarters
or control quarters.

3.4. RT-PCR analysis for IGF family members

The effect of GS on transcriptional activity of IGF family mem-
bers was measured by a semi-quantitative RT-PCR system. The
Fig. 2. (A) Percentage of immunopositive areas for IGF1, (B) IGF2, (C) IGFBP3, (D) IGFBP4
(n = 6) and uninoculated controls (n = 6) at 7 d of post-lactational involution detected by
mean (SEM). Mean values without common letters (a and b) differ (p < 0.05).

Please cite this article in press as: Dallard, B.E., et al. Intramammary infusion of
modifies components of the insulin-like growth factor system during involutio
identity of PCR products was confirmed by sequencing (100%
homology with bovine sequences). Expression of IGF1 mRNA was
lower in GS-treated quarters than in placebo-treated quarters
and uninoculated controls (p < 0.05; Fig. 4A). No differences in lev-
els of mRNA expression for IGF2 were detected between treatment
groups (p = 0.785; Fig. 4B). At 7 d of post-lactational involution, an
increase of IGFBP3, IGFBP4 and IGFBP5 mRNA expression was ob-
served in GS-treated quarters compared with placebo-treated
quarters and uninoculated controls (p < 0.05; Fig. 4C–E).
4. Discussion

Strategies for hastening bovine mammary involution following
cessation of lactation are directed to elevate concentration of
natural protective components in mammary secretions and to
increase milk production in the succeeding lactation. Recently,
we have demonstrated that intramammary inoculation of P. gin-
seng extract at cessation of milking enhances epithelial and stromal
cells apoptosis rates without inhibiting cell proliferation in bovine
mammary glands (Dallard et al., 2011). Insulin-like growth factor 1
is a potent and specific inhibitor of apoptosis in several cell types in
culture, including mammary cells, suggesting that this factor plays
an active role in the regulation of mammary gland involution (Ge-
ier et al., 1992). In the present study, the effects of P. ginseng ex-
tract on protein and mRNA expression of IGF components
administered at the end of lactation in dairy cows were examined.
and (E) IGFBP5 in mammary quarters treated with ginseng extract (n = 8), placebo
immunohistochemical staining. Values represent the means ± standard error of the

Panax ginseng extract in the bovine mammary gland at cessation of milking
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Concentrations of IGF1 in mammary secretions were higher in
GS-treated quarters than in placebo-treated quarters and in unin-
oculated controls at 24, 48 and 72 h pt (p < 0.05). One possible
explanation for this finding is that GS at the dose used stimulated
IGF1 secretion by epithelial cells into the alveolar lumen during the
first 72 h after cessation of milking, without promoting the synthe-
sis of this growth factor; since low levels of mRNA for IGF1 were
detected in mammary tissue treated with GS compared with con-
trols at 7 d of post-lactational involution. However, further re-
search will be needed to confirm this hypothesis.

Insulin-like growth factor 1 is predominantly synthesized by
the liver, but it is also produced in many other tissues (Rowzee
et al., 2008). Accumulated evidence suggests that locally produced
growth factors and their binding proteins, may mediate the effects
of systemic hormones in the ruminant mammary gland (Plath-Ga-
bler et al., 2001; Berry et al., 2003). Early studies of IGF1 expression
Please cite this article in press as: Dallard, B.E., et al. Intramammary infusion of
modifies components of the insulin-like growth factor system during involutio
in mammary tissue from rodents (Kleinberg, 1997) and humans
(Cullen et al., 1992) have shown that expression was limited to
mammary stromal cells. Berry et al. (2003) demonstrated that
IGF1 mRNA was not expressed by purified primary bovine MEC,
but was expressed in both prepubertal stroma and parenchyma,
concluding that the IGF1 mRNA observed within mammary paren-
chyma must derive from surrounding stromal cells such as fibro-
blasts. In the present study, expression of IGF1 was primarily
associated with the epithelial cells of the alveoli and ducts. Fur-
thermore, macrophages and fibroblasts showed intense staining
in their cytoplasm. These results were similar to those obtained
in previous reports showing that IGF1 was distinctly localized in
the cuboidal epithelium of small and large alveoli and in the epi-
thelium of ducts during bovine mammary gland involution
(Plath-Gabler et al., 2001; Dallard et al., 2007). The increased accu-
mulation of IGF1 within mammary epithelium observed in this
Panax ginseng extract in the bovine mammary gland at cessation of milking
n. Res. Vet. Sci. (2013), http://dx.doi.org/10.1016/j.rvsc.2013.01.009
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study could be derived from surrounding stromal cells as previ-
ously described Berry et al. (2003).

In the present study, at 7 d post inoculation, the percentages of
IHCSA and mRNA expression for IGF1 was lower in GS-treated
quarters than in placebo-treated and uninoculated controls
(p < 0.05). These data suggest that GS can act to repress IGF1 syn-
thesis in bovine mammary cells which is in agreement with con-
current increased expression of the proapoptotic proteins Bax
and caspase-3 observed in a previous study (Dallard et al., 2011).
It is recognized that the protective effect of IGF1 against apoptosis
occurs through the activation of phosphatidylinositol 30-kinase
(PI3K) and the serine/threonine protein kinase (Akt), followed by
the phosphorylation-dependent inactivation of the pro-apoptotic
protein Bad (Sakamoto et al., 2007). The overexpression of acti-
vated Akt within the mammary gland of transgenic mice causes
delayed involution (Schwertfeger et al., 2001). The lower expres-
sion of IGF1 observed in mammary tissue from GS-treated quarters
added to increased expression of proapoptotic proteins contribute
to explain the observed involution acceleration (Dallard et al.,
2011).

Insulin-like growth factor 2 is generally implicated as a locally
derived growth factor that functions in embryonic tissues (Hovey
et al., 2003). However, several lines of evidence support a role for
IGF2 during normal postnatal mammary gland development (Ho-
vey et al., 2003). In this study, IGF2 concentrations in mammary
secretions were higher than IGF1 concentrations for the entire
sampling period. This finding is consistent with previous studies
in lactating dairy cows (Collier et al., 2008). Insulin-like growth
Please cite this article in press as: Dallard, B.E., et al. Intramammary infusion of
modifies components of the insulin-like growth factor system during involutio
factor 2 concentrations in mammary secretions were unaffected
by GS-treatment and time of sampling. Similar values were de-
tected in all treatment groups and times post treatment.

Insulin-like growth factor 2 mRNA is heterogeneously ex-
pressed by MEC in the ductal epithelium of nulliparous mice (Ric-
hert and Wood, 1999). Similarly, IGF2 mRNA is expressed within
the parenchyma and stroma of the ovine mammary gland during
allometric growth and is regulated by ovarian function (Hovey
et al., 2003). In the present study, immunostaining for IGF2 was
seen in every experimental group, ranging from weak to intense,
and was mainly associated with mammary parenchymal struc-
tures. Neither percentages of IHCSA nor mRNA expression for
IGF2 were affected by GS treatment. Dose used in the present study
could have been insufficient to modify the IGF2 expressions in
mammary tissue at 7 d after cessation of milking. There is consid-
erable evidence that IGF1 and IGF2 are distinctly regulated and
have diverse functions in mammary development (Rowzee et al.,
2008).

Insulin-like growth factor 1 is regulated by a family of proteins:
IGFBPs, which play an important role activating or inhibiting IGF1
action (Barber et al., 1992). Cultures of primary bovine MEC secrete
IGFBP2, IGFBP3, IGFBP4, IGFBP5, which by molecular weight anal-
ysis were shown to be identical to those present in bovine milk
(Gibson et al., 1999). An increase in IGFBP5 protein concentration
has been observed in rat milk 48 h after removal of the litter to in-
duce involution (Tonner et al., 1997). The concentrations of IGFBP3
in bovine milk increased during mid-lactation to late lactation
(Baumrucker and Erondu, 2000). However, their functions at the
Panax ginseng extract in the bovine mammary gland at cessation of milking
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cellular level are not fully understood. In the present study, at 7 d
of post-lactational involution, immunostaining for IGFBP3, IGFBP4
and IGFBP5 was observed in every treatment groups mainly asso-
ciated with parenchymal and stromal components. In addition,
percentages of IHCSA were higher (p < 0.05) in GS-treated quarters
compared with controls for the three IGFBPs evaluated.

In murine models, the levels of IGFBPs (both protein and mRNA)
decreased during lactation, with the exception of IGFBP3, suggest-
ing that a decline of those IGFBP contributes to permit maximal
survival effects of the IGF during lactation (Flint et al., 2000). In
contrast, during involution in rats there was a fourfold increase
in IGFBP2 mRNA, a sixfold increase in the expression of IGFBP4
and a dramatic 50-fold increase in both IGFBP5 mRNA and protein
levels, within 48 h of pup removal (Tonner et al., 1997; Ricort and
Binoux, 2001). Insulin-like growth factor-binding protein 3, the
major IGFBP in milk, is synthesized by epithelial cells and increases
during involution in the bovine mammary gland (Gibson et al.,
1999; Baumrucker and Erondu, 2000). This protein may inhibit ac-
tion of the IGF receptor via a mechanism that does not depend on a
physical interaction between IGF1 and IGFBP3 (Ricort and Binoux,
2001). Sakamoto et al. (2007) demonstrated that IGFBP3 inhibits
the phosphorylation of Akt mediated by IGF1. Our results showed
an increase in mRNA expression for IGFBP3 at 7 d of post-lacta-
tional involution in GS-treated quarters compared with controls
(p < 0.05). This finding suggests that increased expression of
IGFBP3 can inhibit IGF1 action enhancing apoptosis of mammary
cells. In a previous study, we demonstrated that epithelial and
stromal cell apoptosis, in situ assessed by terminal deoxynucleoti-
dyl transferase dUTP nick end labeling, was more marked in quar-
ters treated with GS than in control quarters (Dallard et al., 2011).

The expression of IGFBP4 in bovine mammary tissue during
involution has not been fully explored. An early study by Sejrsen
et al. (2001) described a significant increase in milk levels of both
IGFBP4 and IGFBP5 at 7 d of post-lactational involution in cattle. In
the present study, we observed an increase in both protein and
mRNA for IGFBP4 in GS-treated quarters compared with controls
(p < 0.05). These results are in accord with the previous study (Sejr-
sen et al., 2001), confirming this binding protein (BP) involvement
in the remodeling process during active bovine mammary
involution.

A positive relationship between IGFBP5 expression and mam-
mary cell death during the process of mammary involution has
been reported in several species (Tonner et al., 2002; Flint et al.,
2005). The large concentrations of IGFBP5 present in the mammary
gland may act to neutralize IGF1 function as a survival factor for
mammary epithelial cells and this BP may thus be instrumental
in initiating the process of mammary gland involution (Flint
et al., 2005). The overexpression of IGFBP5 in the mammary gland
leads to increase the expression of the pro-apoptotic molecules
caspase-3 and plasmin, and to decrease the expression of pro-sur-
vival molecules of the Bcl-2 family (Tonner et al., 2002). In a previ-
ous study we demonstrated a significant increase of the
immunostained area for Bax protein and active caspase-3 in GS-
treated quarters compared with controls, whereas no differences
were observed for Bcl-2 immunostaining. Moreover, mRNA expres-
sion for Bax was higher in GS-treated quarters than in controls
(Dallard et al., 2011). In the present study, we observed an increase
in both protein and mRNA levels for IGFBP5 in GS-treated quarters
compared with controls. This elevated expression of IGFBP5 in
mammary tissue may act to neutralize the function of IGF1 as a
survival factor for epithelial and stromal cells and IGFBP5 may
therefore be instrumental to promote mammary gland involution.

In conclusion, results of this study together with previous find-
ings (Dallard et al., 2011) confirm the observation that intramam-
mary inoculation of GS extract at cessation of milking may
promote early mammary involution through the inhibition of
Please cite this article in press as: Dallard, B.E., et al. Intramammary infusion of
modifies components of the insulin-like growth factor system during involutio
IGF1 local production and bioavailability. We propose that, GS
would stimulate significantly expression of IGFBP3, IGFBP4 and
IGFBP5, which exert inhibitory actions on IGF1 contributing to
stimulate cell death. In addition, results of the present study pro-
vide new insights into the role and action of IGF components on
mammary gland remodeling during early involution.
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