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Abstract: Aim of the current study, was to evaluate the effects of diets contaming different levels of
tannminiferous cak (Quercus hartwissiana) leaves m the absence and presence of a tanmin binding substance,
polyethylene glycol, on plasma leptin, IGF-I and LH levels in ewe-lambs. Lambs (n = 42) were kept in individual
metabolism cages and a total of 7 groups (n = 6 per group) were formed (Group 1, control; Group I, 185 g leaf;
Group I1I, 370 g leaf, Group IV, 185 g leaf plus 10 g PEG; Group V, 185 g leaf plus 20 g PEG; Group V1, 370 g leaf
plus 20 g PEG; Group VII as 370 g leaf plus 40 g PEG). All groups were given 272 g concentrate and varying
amounts of hay in a way that the amount of roughage was equal to 645 g. The diets were isonitrogenous and
isoenergetical and the experiment continued for 60 days. Blood samples were collected fortnightly for the
measurement of leptin and TFG-I. Additionally, on day 55 post-prandial rhythm of leptin was assessed with
30 min intervals for 8 h and LH response to naloxone was assessed for 2 h with 15 min intervals. For the
determination of LH pulsatility, blood samples were collected on day 45 of the experiment with 15 min intervals
for 6 h. IGF-I levels, fortnigtly leptin secretion, LH pulsatility and LH response to naloxone did not differ among
the groups. Post-prandial leptin secretion appeared to be episodic but it was not atfected by dietary treatments
(p=0.05). Both leptin and IGF-I concentrations were positively correlated to LH pulse frequency (R* = 0.235,
p = 0.027 and R’ = 0.248, p = 0.0086, respectively). In conclusion, the results suggest that tamminiferous Q.
hartwissiana leaves do not have any effect on leptin, IGF-T and LLH secretion and that leptin secretion appears
to be in episodic manner and that leptin and IGF-I secretions appear to signal reproductive axis in ewe-lambs.
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INTRODUCTION

Tanmns are polyphenolic substances with various
molecular weights and variable complexity (Malkkar, 2003).
They are found m many plants used as foods or feeds
(Hagerman and Carlson, 1998) and their effect varies from
beneficial to harmful (Makkar, 2003). Tannins are also
present in oak leaves (Makkar and Singh, 1992a-c;
Yildiz et al., 2002a, 2005) and Polyethylene Glycol
(PEG) is used to deactivate tannins due to its strong
affinity to tannins (Landau ef al., 2000, Villalba et al.,
2002). Number of literatures on the effect of tanniniferous

plants 1s quite lmited and most of the studies have
focused on their effect on digestive system (Makkar,
2003). On the other hand, apart from digestive physiology,
tanminiferous diets have been shown to be biological
(Hagerman and Carlson, 1998) and
implicated to play roles mn lipid metabolism (Barry ef af.,
1986, Yugarani et al., 1992, 1993; Wrisez and Lambert,
2001).

In ruminants, energy and related phenomena is the
main determinant of reproductive activity especially that
of LH pulse frequency (Chilliard et al., 1998; Yildiz et al.,
2002b, 2003a, b). Leptin and IGF-T serve as the mediators
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for nutrition-reproduction interactions in these animals
(Blache et al., 2000; Yildiz et al., 2003a). Consumption of
tanniniferous plants is widespread but to the best of our
knowledge, there 1s no study investigating the effects of
such plants on leptin/IGF-T and T.H axis. Considering their
effects on digestive physiology and lipid metabolism, it 1s
plausible to hypothetise that consumption of
tarminiferous oak leaves (Quercus hartwissiana) will
affect leptin, IGF-I and LH secretion. To test this
hypothesis, we offered fat-tailed Tuj lambs daily for
60 days either 185 or 370 g oak leaves in the absence or
presence of PEG (5 or 10% of shade-dried leaf sample) and
nvestigated long-term and post-prandial leptin secretion,
pulsatile secretion of LH and plasma IGF-I levels.

MATERIALS AND METHODS

Animals and experimental design: Experimental
design and digestive performance is given elsewhere
(Yildiz et al., 2005). Briefly, 42 fat-tailed Tuj lambs
were used for the current experiment and they were
divided into 7 groups (n = 6 per group). The lambs were
randomly allocated to 1 of 7 treatment groups as
follows: control group (645 g hay with no leaf no PEG);
185 g leaf + no PEG group; 185 g leaf + 10 g PEG group,
185 g leaf + 20 g PEG group; 370 g leaf + no PEG group;
370 g leaf + 20 g PEG group; 370 g leaf + 40 g PEG group.
Amount of PEG (0, 5, or 10%) was calculated m relation to
amount of sun dried leaves. All groups were given 272 g
concentrate and varying amounts of hay, such that the
amount of leaf plus hay (hay/alfalfa mix, containing the
same amount of CP as leaves) was equal to 645 g. Leaves
were given first, followed by hay and the concentrate.
PEG was mixed with concentrate. The lambs were housed
in mdividual metabolism cages and the experiment lasted
for 60 days following 17 days of adaptation period to the
cages and dites (except leaves and PEG). Feed was offered
twice daily at 08.00 and 16.00 h and amimals had access to
water at all times.

Blood samples for leptin and IGF-I was taken from
jugular venepuncture on Days 0, 25, 45 and 60 of the
experiment before moming feeding. Additionally, on day
55, blood samples were taken with 30 min intervals
starting from 9.00 am until 5.00 pm and on this day animals
were fed at 9.30 am and 4.00 pm. Naloxone was injected at
1.1 mg kg™' dosis at 10.30 am (0 h) on Day 55 and bleod
samples were collected for 15 min intervals for 2 h. For the
determination of LH pulsatility, serial blood sampling was
carried out with 15 min intervals for 6 h on Day 45.

Body condition scoring: Body condition scoring
was carried out on Days -17, 20 and 56 according to
Russel et al. (1969) on the scale of 1-emaciated to 5-obese.
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Leptin assay: Leptin concentrations were measured using
a semsitive ovine radioimmunocassay developed by
Blache ez al. (2000). Briefly, antibodies against b/o-leptin
were raised in a male emu (Dromaius novaehollandiae).
B/o-leptin was iodinated by the chloramineT method and
labelled hormones were separated from free 1odine on a
Sephadex G25 column (Pharmacia, Sydney NSW,
Australia). Peak fractions obtained were stored at 4°C. In
the assay, 2 triplicates of standard (b/o-leptin) and 100 ul,
duplicates of unknown samples, 50 uL anti-b/oleptin
(1:5000) and 50 pL normal emu serum (1:500) were added
nto glass tubes. After ncubation overmight at 4°C, 50 pLb
'"*T-b/o-leptin {(approximately, 10.000 cp.m.) was added
and the mixture was incubated for 48 h at 4°C. To
precipitate the antibody-antigen complex, 100 pl. sheep
anti~emu immunog lobulin serum (diluted 1: 12) was added
and tubes were incubated again for 48 h at 4°C. Before
centrifugation at 2000 g for 30 min polyethylene glycol
6000 (Sigma, St Louis, MO, USA) was added to the tubes.
Supernatants were decanted, pellets were allowed to dry
overnight and radicactivity was counted. Limit of
detection of the assay was 0.07 ng mL~". Samples taken
on days 0, 25, 45 and 60 were analyzed in one assay and
the intra-assay coefficients of variation at 0.80, 1.79 and
2.57 ng mL™" levels were 6.9, 7.7 and 2.1%, respectively.
Samples taken for post-prandial secretion of leptin were
also analyzed in one assay and the intra-assay
coefficients of variation at 0.71, 1.54 and 2.36 ng mL ™'
levels were 8.0, 3.9 and 3.4%, respectively.

IGF-T assay: Plasma concentrations of IGF-T were
measured n duplicate by chloramme-T method described
by Gluckman et al. (1983). Interference by binding
proteing was minimised by acid-ethanol cryoprecipitation
method validated for ruminants by Breier et al. (1991).
Briefly, recombinant hIGF-I (Amersham Australia, North
Ryde, NSW) was used as a standard to give the range of
0.039-10 ng mL ™" concentration. Fraction of recombinant
hIGF-I was used for iodination. Todinated fractions were
purified with a pre-albummated Sephadex G 25 column and
re-purified on a pre-albuminated 9x100 Sephadex G 100
column. Dilutions of rabbit antiserum agamnst hIGF-I
(AFP4892898, NIDDK, NIH, USA) and normal rabbit
serumm and donkey antirabbit IgG were 1:10000, 1:500 and
1:20, respectively. Minimum detection limit of the assay
was 2 ng mL™'. Intraassay coefficients of variation,
measured at 9.2 and 50 ng mL.~" levels, were 9.6 and 3.2%,
respectively.

LH assay: Plasma concentration of LH was measured
using a sensitive competitive enzyme immunoassay
method developed by Mutayoba et al. (1990) for
bovine LH and modified by Yildizet ol (2003b). Briefly,
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D-Bictinyl-e-aminocaproic acid N hydroxy-succimidine
ester (Biotin-X-NHS; Sigma-Aldrich, Tauflarchen,
Germany) was used for labeling ol.H [NIDDK-ol.H-I-4
(AFP8614B)]. Affimty purified goat [gG antirabbit IgG was
attached to the solid phase and labelled and nonlabeled
(sample) oLH were competed against the anti-oLH raised
m rabbit [NIDDK-anti-oLH-1 (AFP192279)}]. Dilutions of
biotinyl I.H and o.H antiserum were found to be 1:5,000
and 1:3,200,000, respectively. Standards used m the
current study were between 0.39 and 50 ng oLH mL.™". The
mimmum detection limit of the assay was 0.70 ng oLH
mL ", Intra- and inter-assay coefficients of variation were
calculated at 2 levels of quality control samples and as
quadriplicates in 2 different locations of the plate. At
5.91 ng mL.~" level, the intra- and inter-assay coefficients
of variation were 7.3 and 14.3% and for 12.01 ng mL™
level they were 3.9 and 6.3%, respectively.

Statistical analyses: For the analyses of episodic
secretion of LH and leptin, PCPULSAR program
(Merriam and Wachter, 1982) was used. The G parameters
(the number of standard deviation by which a peak must
exceed the baseline in order to be accepted as pulse) used
were8, 6,4, 3and 2 for LHand 2.5,2.1,1.9,1.5and 1.2 for
leptin for G,-G., these being the requirements for pulses
composed of one to 5 succesive samples that exceed the
baseline, respectively.

For the repeated measurements throughout the
experiment (BCS, leptin, IGF-T), a date (or time) by diet
analysis was carried out using General Linearised Models
within MINITAB statistical package (Minitab Inc., State
College, PA). For post-prandial leptin secretions the same
analysis was carried (time of the day by diet). At each time

Table 1: Body Condition 8cores (BCS) of ewe-lambs fed one of 7 diets

point, groups were also compared by using one-way
ANOVA (Tukey’s t-test). Results are given as mean and
Standard Error of Mean (S E.M).

RESULTS

Body condition score: BCS did not differ between the
groups throughout the feeding period (p=0.03) (Table 1).

Leptin concentrations: Plasma leptin concentrations
throughout the experiment 1s given in Table 2. Date of
measurement affected plasma leptin concentrations
signficantly (p=<0.001;1.3240.09,1.49+0.09,1.15+0.07 and
1.08+0.07 ng mL ™, respectively on days 0, 25, 45 and 60)
but there was no difference between the dietary groups in
general (p>0.05). However, there was an interaction
between dietary groups and date of measurement

(p=0.05).
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Fig. 1: Postprandial leptin secretion in fat-tailed tuj ewe-
lambs on day 55 of the experiment

185 g leaf (PEG%)

370 g leaf (PEG%)

Days Control 0 5 10 0 5 10 SEM
BCS (units)

-17 2.45 247 243 2.44 242 2.44 241 0.05
20 2.46 229 2.25 1.93 241 2.05 2.26 0.07
56 2.65 2.60 2.37 2.65 241 2.51 245 0.07
BCS change (unit)

-17 0.20 0.13 -0.06 0.21 -0.01 0.07 0.04 0.05

No significant differences were observed (p=0.05)

Table 2: Leptin concentrations (ng mL™!) in ewe-lambs during the study period

185 g leaf (PEG%)

370 g leaf (PEG%)

Days Control 0 5 10 0 5 10 SEM
0 1.12 1.81 1.29 1.05 0.67 1.18 1.66 0.09
25 1.77 1.21 1.22 1.59 1.44 1.74 1.46 0.09
45 1.040 1.03 1.16% 1.05 1.75 0.9% 1.03 0.07
60 1.31 1.12 0.93 0.82 0.93 1.33 1.13 0.07

Within rows, means with different superscripts are significantly different (p<<0.05)
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Table 3: Postprandial leptin secretion (ng mL™!) in ewe-lambs on Day 55 of the experiment

185 g leaf (PEG%)

370 g leaf (PEG%)

Groups Control 0 5 10 0 5 10 SEM
Mean 0.41 0.44 0.41 0.46 0.45 0.46 0.42 0.01
Smoothed mean 0.39 0.43 0.36 0.39 0.39 0.40 0.38 0.01
Number of pulses per 8h .67 0.17 1.67 1.33 1.33 1.50 1.00 0.15
Pulse amplitude 0.66 0.65 0.67 0.84 0.68 0.61 0.61 0.06
There was no statistical difference between the groups (p=0.05)
Table 4: Insulin-like Growth Factor-I (IGF-I) concentrations (ng mL™") in ewe-lambs fed one of seven diets
185 g leal (PEG%) 370 g leaf (PEGY%)
Days Control 0 5 10 0 5 10 SEM
0 11.99 16.06 16.34 11.87 384 9.50 10.36 0.99
25 16.00 11.41 15.86 19.14 13.27 1618 1851 1.27
45 1042 12.80 10.24 11.12 11.93 11.52 836 0.66
60 11.64° 13.56% 11.46° 11.58* 9.728 2L10F 16.87 0.88
Different superscripts within a row differ significantly at p<0.03
Table 5: Luteinizing Hormone (LH) data in ewe-lambs fed one of five diets on Day 45
185 g leal (PEG%) 370 g leaf (PEGY%)
Groups Control 0 5 0 5 SEM
Mean concentration (ng ml."") 1.53 1.93 1.77 2.45 1.90 0.17
Smoothed mean (ng mL™") 1.21 1.50 1.30 1.51 1.45 0.13
Pulse frequency (pulse/6 h) 2.00 233 317 317 2.50 0.30
Pulse amplitude (ng mL™") 1.88 2.04 2.20 3.46 2.10 0.24
No significant differences were found between the groups (p=0.05)
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Fig. 2: The relationship between boedy condition score
and mean post-prandial leptin concentration

Post-prandial leptin concentrations did not differ
between the groups at any time of measurement (p=0.05).
However, leptin levels significantly differed between times
of measurements (p<<0.001) with showing three elevations
between 0-150th, 150-330th and 330-450 min (Fig. 1).
Additionally, there was no difference between the groups
in terms of number of pulses, mean and smoothed mean
levels of leptin (p=0.05; Table 3). A positive significant
relationship was found between mean post-prandial
leptin concentration and body condition score (R* = 0.156,
p=0.01; Fig. 2).

637

Fig. 3: The relationship between leptin concentration and
number of LH pulses in ewe-lambs

IGF-I secretion: Diets did not affect IGF-1 concentrations
(p=0.05) but significant fluctuations were observed
throughout the study period (p<0.001) with mean levels
being 11.94+£0.99, 15.8341.27,10.9140.66, 13.70+0.88 and
20.0241.10, respectively for Day 0, 25, 45 and 60 (Table 4).

Luteinizing hormone secretion: Mean and smoothed
mean LH levels, number of L.H pulses and pulse am plitude
did not differ between the groups (Table 5). There was
significant positive relationship between number of LH
pulses and leptin concentration (R’ = 0.235, p = 0.027;
Fig. 3) and between number of LH pulses and IGF-I
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R'=0.248

24 p=0.006
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Fig. 4: Relationship between IGF-1 concentration and
number of LH pulses
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Fig. 5: Response to naloxone injection on day 55 of the
experiment on LH release in ewe-lambs

concentration (R’ = 0.248, p = 0.006; Fig. 4). Naloxane
injection increased the TLH release on day 55 of the
experiment but this response was not affected by the
experimental treatments (Fig. 5).

DISCUSSION

This 15 the first study reporting the effects of
tannminiferous oak (Q. hartwissiana) leaf mntake on leptin,
IGF-T and LH pulsatility in sheep and the results suggests
that the leaves used in the current study had no affect on
these parameters. Furthermore, PEG appeared to be
meffective even though total tanmin level was within the
range at which PEG addition reported to be beneficial
(Maklear, 2003). Several speculations might be done on the
meffectiveness of tanmns. Fist, it might be that
absorbable part of total tanmins was lower in the current
study (6.4% total tannins, 1.1% condensed tannins, 1.3%
hydrolisable tannins, Yildiz et al, 2005). Astringency
(level of tannins) 1s related to the level of voluntary
mtake of tanmimferous plants (Bate-Smith, 1973
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Ben Salem et al., 1997). The levels used in the current
study was determined prior to the experiment and they
were found to be the maximum level that could voluntarily
be consumed. Thus, it 18 possible to say that the amount
of leaf offered was the levels that the lambs could tolarate.

On the other hand, level of hydrolisable tannins, the
absorbable part, were similar with the levels observed for
Quercus species (Inoue and Hagerman, 1988). Garg ef al.
(1992) reported intoxication (hepato and nephrotoxicity
and death) of cattle consuming immature Quercus incana
leaves and attributed these signs to hydrolisable tanmins
and simple phenols in Q. incana leaves. It 1s known that
vegetatif stage (Makkar and Singh, 19353), species
(Makkar and Singh, 1991b; Makkar ef al, 1991a) and
habitat (Goncalves-Alvim et af., 2004) affect tannin type
and content. Thus, variable tanmin content 1s likely to
result in variable effects in the amimal. Secondly,
absorbable forms might probably have interacted with
other substances in the digestive system resulting in
reduced absorption. It has been reproted that salivary
proteins form complexes with tannins (Maklkar and Becleer,
1998; Naurato et al., 1999). Tt has also, been shown that
one of the green tea extracts, epigallocatechmn gallate, a
condensed tanmin (Hagerman et al., 1997), has greater
impact on growth hormone and other parameters if it is
given intraperitoneally rather than orally (Kao et al., 2000).
Thirdly, adaptations in the digestive system might have
occurred against long-term tanmniferous feeding. It has
been reported that microorganisms in the rumen possess
adaptive mechanisims by time and become resistant to the
effects of condsensed tammins (Brooker et al., 2000,
McSweeney et al., 2001). Although, these microorganisms
are not able to degrade condensed tannins (Maklar et al.,
1995a,b; Brooker et al., 2000, McSweeney ef al., 2001),
they degrade hydrolisable tannins (Odenyo et al., 1999).

Thus, effects of absorbable tanmins might have been
reduced. Lastly, some forms of tannins or simple
phenolics probably absorbed but they did not
cause toxicity or subtoxicity. Apart from some fractions
(e.g., epigallocatechin gallate of green tea extract), the
level of tannin absorption into bloodstream cannot be
determined since they have variable and complex
structure and there 1s a lack of commercially pure
standards (Santos-Buelga and  Scalbert, 2000,
Maklar, 2003). Nevertheless, animals on the experiment
showed no signs of toxicity and preliminary liver and
kidney function tests (unpublished data) indicated no
signs of subtoxicity suggesting that none of the
components of oak leaves were harmful to the animal
when compared to the control diet.

There are limited number of studies mvestigating
the effects of tanmmferous feedstuffs on LH secretion

Wwere
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and their results are not equivocal. For example,
Vera-Avila et al. (1997) observed increases in GnRH-
mnduced LH secretion in a study carried out in male
Angora goats grazing Acacia berlandieri and Acacia
rigidula dominated pastures. However, in different
studies, if phenolic amines present in Acacia berlandieri
and Acacia rigidual were given parenterally, reproductive
activity was umpaired in female goats (Forbes ef al., 1994).
Furthermore, Lucue et al. (2000) observed increases in
ovulation rate in ewes grazing on Lotus corniculatus.
Interestingly, n the studies of Vera-Avila ef af. (1997) and
Luque et al (2000) mcreased reproductive activity
appeared to be due to superior nutritional value of the
tanniniferous plants used. Because in their experiment
tanmimferous plants appeared to by-pass valuable feed
proteins and hence mcrease liveweight over the control
group. In the current study, the diets were designed to be
isoenergetical isonitrogenous  and concentrate/
roughage ratio was also similar among the groups. Thus,
nutrient mtake among the groups were similar.
Additionally, tannins present in oak leaves did not affect
body weight and body condition score suggesting that
energy balance was similar accross the dietary groups
(Yildiz et al., 2005). In this experimental setting, tammins in
oak leaves did not affect LH secretion. However, further
studies are required to elucidate the effects of types of
tanmns or different tanmmiferous plants, especially those
rich in hydrolisable tarmins, on IGF-I/leptin and LH axis.

The current study also shows that leptin secretion in
fat-tailed sheep might be episodic as reported for other
sheep breeds (Blache ef al., 2000, Damel et af., 2002). The
pulses were characterised with about 2-fold increases in
smoothed mean levels (Table 3). Blache ef ai. (2000) tried
5 or 20 mm frequency of blood sampling for the
determination of leptin episodes and they concluded that
higher frequency did not unprove the defimition of the
episodes. Tn the current study, our aim was to investigate
whether a post-prandial trend is observed in leptin
secretion and therefore we applied a 30 min sampling
mterval. Yet, this was sufficient to observe episodes.
Throughout the sampling period 3 elevations were
observed in leptin secretion: one after moring feeding,
one before noon feeding and one in between (Fig. 1). The
reason for this cluster is not known but mnterestingly a
similar pattern, coinciding in terms of time of the day, was
observed for the ewes that were in good body condition
(Daruel et al., 2002). In their expeirment, these ewes were
fed ad libitum and hence together with data in the current
study, the clusters might not be related to feeding
regiments. Tt should also, need to be taken into account
that, in our experiment, each lamb had 1 or 2 episodes
throughout the 7.5 h sampling period (Table 3). Thus,

and
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some animals did not have all episodes appearing in the
general picture in Fig. 1. Nevertheless, data in the current
study and in that of Daniel ef ol (2002) suggests, that
further studies are necessary for elucidation of the cause
and roles of these episodes.

The current study confirms, previous findings in
sheep that body condition score 18 correlated with leptin
secretion (Yildiz et al,, 2003a, b) and in turn, leptin informs
hypothalamus about the sufficiency of energy stores
and hence regulates pulsatility of LH  secretion
(Clarke and Henry, 1999; Foster and Nagatani, 1999;
Blache et al., 2000, Chilliard et ai., 2001; Yildiz et al,
2003a, b). Additionally, IGF-I levels, sign of level of
nutrition, were also positively correlated to LH pulse
frequency as reported previously (Nugent et af., 1993).
Thus, it appears that rather than secondary plant
compounds m Q. hartwisiana leaves, its feeding value 15
more nportant.

Oak trees or bushlands are widespread in many parts
of the world (from Nepal to Greece and in America) and in
these areas shortage in feedstuffs are common. Therefore,
the current study suggests, that leaves of Quercus
hartwissiana can be used to replace some of the
roughage ration without any negative effects on leptin,
IGF-Tand LH.

CONCLUSION

It appears that tannmifreous oak leaves, when fed for
two months, do not affect body condition score, plazma
IGF-I concentration, long-term and post-prandial leptin
levels and pulsatile secretion of LH and also that leptin is
secreted n episodic mammer as has been reported for
other sheep breeds and that leptin and IGF-I appear to
signal hypothalamus to regulate pulsatile secretion of LH
in fat-tailed Tuj lambs.
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