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Abstract. Serum concentration:; ofthyroxine (T 4) and triiodothyroine (T3) were measured during the last 
month of pregnancy and the first three weeks of lactation in goats of a local breed (the Aardi), with sing­
letons or twins. Levels of T 4 in serum were higher during late pregnancy than during the 3 weeks of early 
lactation, with higher values for the goats carrying twins than for those carrying singletons. Both groups 
observed a sudden drop in T 4 concentration at the onset of lactation, suggesting more use for initiation of 
lactation and/or a lower rate of secretion; T 4 levels increased gradually through the first three weeks of lac­
tation. Levels of T3 fluctuated during the period that preceded and followed parturition with resultant 
higher T 4:T 3 ratio during late pregnancy than during early lactation, indicating more conversion of T4 to 
T 3 for milk production. However, the correlation coefficients between thyroid hormone concentrations in 
serum and milk yield were negative for both groups of goats with higher values for T 3 than T4 and for goats 
carrying twins than thosc carrying singletons. 

Introduction 

Thyroid hormones are known to be important for milk production r 1:2. 181-183] and 
arc also vital for normal growth and development [3]. Serum thyroxine (T4l 
increased In cows as lactation advanced, while serum concentrations of 
triiodothyronine (T,) and reverse triiodothyronine (rTJl were unchanged through­
out lactation [4). Furthermore, thyroxine concentrations in plasma correlate nega­
tively with milk yield in the cow [5-6]. 

However, contradictory reports are available on the levels of thyroid hormones 
during pregananey. Species differences were found. Henneman et at. [7] and 
Robertson and Falconer [8] failed to show any significant change in thyroid activity 
in cwe during any stage of pregnancy till the time of parturition. Also, Bhattacharyya 
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et al. [9J found non-significant difference among the mean percentage uptake of 1125 _ 

labeled T3 by resin during late pregnancy in Black Bengal goats. Whereas Soliman et 
at. [10], in cows, and Wentzel and Botha [11], in nutritionally stressed Angora goats, 
observed increased plasma thyroxine levels. In dromedary camel, Heshmat et at. [12] 
reported increased plasma T4 and T3 concentrations throughout pregnancy. 

Also, Thyroxine levels were found to be higher in lactating than in non-lactating 
sheep [7], while the opposite has been found in cows [13], and goats [14]. Stage of lac­
tation [4; 15-17], season of the year [17-21], and level of feed intake [22,3J may have 
a role in these discrepancies. 

This investigation was conducted to study the levels of thyroid hormones, T4 and 
T 3 , during the last month of gestation and the first three weeks of lactation in the local 
breed of goats, the Aardi. 

Materials and Methods 

Seventeen indigenous goats of the Aardi breed of Saudi Arabia (semi-arid cli­
mate) aged 2-4 years were used in this study. They all were served by the same buck 
during May and June, 1991. The exact date of mating was not known. All animals 
were kept under intensive management at the Animal Production Farm of King Saud 
University, Riyadh, received a balanced ration consisting of Lucerne, hay and con­
centrate (14% crude protein), and allowed free access to water and mineral salt licks. 
Blood sampling was taken at early morning before feeding, twice a week beginning 
in September, when goats were all non-lactating and pregnant at that time. They all 
kidded by mid-November. Kids were kept away from mothers 8 hr. daily during day 
time whereas milk yield was collected by machine milking at 17.00 hr. to estimate 
daily milk yield. Some blood samples were taken up to 15 min. prior to, during and 
2 hr. after kidding and all accounted for the day of kidding. Blood samples were 
taken daily for the first 5 days postpartum, and then every 5 days for the next 2 weeks. 
Blood samples were collected from the external jugular vein in 10 ml vacutainer 
tubes with no additive. Samples were refrigerated overnight to allow for complete 
clotting and then centrifuged at 860 x g for 20 min at 4°C. The serum was then 
decanted and stored at -20°C until assayed for total T4 and T3 using the enzyme 
immunoassay (EIA) kits purchased from bioMerieux, Marcy-I'Etoile, France. 
Detailed instructions are provided with the kits. Crossreactivities of the anti-T4 anti­
body to T 4' T 3' monoiodo-tyrosine, diiodotyrosine and diiodothyronine were 100, 
3.6, < 0.1, < 0.1 and < 0.1%, respectively. Crossreactivities for anti-T), antibody 
with T" T 4 , diiodothyronine, monoiodotyrosine and diiodotyrosine were 100,0.35, 
0.53, < (l.05 and < 0.05, respectively. For the pooled plasma samples, the intra- and 
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inter-assay coefficients of variation were 2.8 and 7.1 % for T4 and 3.6 and 7.9% for 

T3, respectively. 

The day of parturition has been taken as Day 0, and pregnancy has been back­
dated from this time. Data from specijic days of the last month of gestation and the 
first three weeks of lactation were subjected to statistical analysis [23] at King Saud 
University Computer Center to study the pattern of serum T4 and T, concentrations 
during late pregnancy and early lactation in the Aardi goats. The effect of litter size 
on this pattern was also studied. The statistical model used was as following: 

where y;jk is the hormone level of the kth sample taken during the ith period from the 
goat of the jth litter size; u is the overall mean; P; is the effect ofthe ith period (prepar­
tum, i = 1; day of parturition, i = 2 and postpartum, i = 3); Lj is the effect of the jlh 

litter size (j = 1 and 2); P;LJ is the interaction effect between the ith period and the 
jth litter size; and e;Jk is the residual term (the only random effect). Animal effect was 
absorbed before the model. The GLM and LSMEANS procedures were applied to 
validate the comparisons. The relationships of the thyroid hormone levels and daily 
milk yield during the latter period were also investigated using the CORR procedure 
of [23]. 

Results 

Serum concentrations of thyroxine (T4) and triiodothyronine (T,) during the 
last month of pregnancy, day of parturition and the first three weeks of lactation in 
Aardi goats that delivered singletons or twins, are represented in Figs. 1 and 2, 
respectively. The mean values for T4 concentration in the serum rose slowly from day 
30 to about a couple of days before parturition when it decreased markedly to reach 
the lowest level in the day of delivery. These levels were low during the first week of 
lactation to increase gradually through the next two weeks (Fig. I). Non-significant 
differences were found in levels of serum T4 during this first week of lactation 
between goats carrying singletons and those carrying twins, although higher values 
(P < 0.(5) were observed during the next two weeks for the latter group. Further­
more, the differences in T4 values prior to parturition, but not at the day of parturi­
tion, were signifcant (P < 0.05) between the two groups. 

The mean values of T 4 in the serum during the last month of gestation was 51.7 
± 1.3 ng/ml for the single and 66.0 ± l.3 ng/ml for the twin-carrying goats. The values 
in the day of parturition and during the three weeks oflactation were 32.0 ± 2.2 and 
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Fig. 1. Thyroxine (T4 • levels during late pregnancy and early lactation in single (.) and twin-carrying 
( ... ) Aardi goats. 

44.3 ± 1.5 ng/ml for the single-bearers, 37.7 ± 2.6 and 52.2 ± 1.8 ng/ml for the twin­
bearers, respectively. 

With respect to T3 , the trend of serum concentration (Fig. 2) was more fluc­
tuated. Almost no changes occurred in T,levels during the last 4 weeks of pregnancy, 
until they rose significantly to higher values 2 days before parturition to drop sharply 
(day-1) to reach lower value in the first day postpartum. Then. its levels rose again 
to levels comparable to those shown in day 2 prepartum. stayed for 10 days at these 
high levels to drop gradually for the rest of the first three weeks of lactation. Non-sig­
nificant variation were found in serum T 3 concentrations between the two groups of 
goats either before or after parturition. The Average T,:T, ratio during the month 
prior to kidding was 111.5 and was 91.2 during early lactation. 

Correlation coefficient between T, and T, during the last month of gestation (r 
= 0.09) or during the first three weeks of lactation (r = - 0.13) was non-significant 
in the goats carrying singletons, but was significant (P < 0.(5) in the goats carrying 
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Fig. 2. Triiodothyronine (T J') levels during pregnancy and early lactation in singel ' ( .) and twin-carrying 
( ... ) Aardi goats. 

twins (r = - 0.37 and - 0.44, respectively). A slight negative (P < 0.05) correlation 
was observed between milk yield and total T4 concentrations in the serum during the 
early lactation period for both groups, only -0.19 and -0.24 respectively. The cor­
responding values with T3 were -0.25 and -0.31 (P < (l.05). 

Discussion 

In goats, plasma concentrations of thyroxine increased during lactation, 
reached maximum levels 4-5 months after kidding, and then remained fairly constant 
for the following 2-3 months until new pregnancy occurred [24]. These concentra­
tions decreased slightly during pregnancy and showed a sudden drop at the onset of 
lactation [24], may be as a result of abrupt fall in secretion rate for nutrient redistribu­
tion to the mammary gland in preparation for lactation. This latter drop in thyroid 
hormone concentration was evident in our Aardi goats. Soliman et al. [10] in cows; 
and Heshmat et al. [12] in She-camels reported higher thyroid activity during late 
pregnancy than during the early and middle stages of gestation. It has been suggested 
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that high level of oestrogen during late pregnancy might have activated the thyroid 
in cattle; buffaloes and goats [10; 25-26]. Goats of the present study showed high 
level of oestradiol-178 during the last 2-3 days prepartum with more values for the 
twin-carrying animals than the single-carryings [27]. There is a positive relationship 
between the mass of the placenta and its production of hormones responsible for the 
prepartum mammary development [28], may be as an adaptation need for the young 
to be suckled. Significant differences (P < (l.01) existed in the milk production of 
Aardi does suckling I and 2 kids with higher yield for the latter (see also [29]), may 

be due also to the suckling intensity [30, p.1l9]. Thyroid honnones are needed for 
growth and development of the mammary gland [31]. 

The plasma concentrations ofT4 are found to be depressed in early lactation in 
dairy cows [6; 32-34] and goats [24], which is in agreement with our results with the 
Aardi goats which had their peak of milk yield very early (day 8) in lactation [29]. The 
relationship between milk yield and T4 or T, levels in serum of the Aardi goats was 
low and negative although significant. This low correlations may be due to the effect 
of stage of lactation, since we have here at least one early peak of lactation [29]. Van­
jonack and Johnson [5], Hart et al. [6] and Walsh et al. [34] reported a negative 
relationship between T4 concentration and the level of milk yield of dairy cattlc. It 
was suggested that these low levels of T4 during early lactation arc the result of a 
homeostatic adaptive decrease in T4 secretion [24], presumably due to an insufficient 
energy supply to body tissues other than mammary gland which has higher consump­
tion rate for the available nutrients to support high milking intensity [6;19; 35-37]. 
Also, Lorscheider and Reineke [38] suggested large demand by the mammary gland 
for thyroid hormones during this period. Thyroid hormones are proved to be impor­
tant for increasing milk production [IJ with the stage of lactation as a guide factor 
[17]. The need for thyroid hormones by the secretory cells may decrease during 
galactopoiesis relative to that required for lactogenesis. The low T4:T3 ratio during 
the first 3 weeks of lactation in goat [present result and 39] and sheep [39] indicated 
relatively more T4 converted to T3 by the mammary secretory cell. High milk yield 
in early lactation may result in a reduction ofT4 and T3 [15]. with the result being less 
thyroid hormone is required to regulate a given level of metabolism. It is the rate of 
use of thyroid hormones that is relevant to the metabolism of animals; and in sheep 
and goats the plasma concentration can fall as more hormone is used [40, p.375]. 
Flamboe and Reineke [14] reported lower T4 secretion rates in lactating than in non­
lactating goats. 

It is concluded that thyroid hormone levels are decreasing prior to parturition 
and increasing thereafter, suggesting more use (or lower rate of secretion due to 
decreased fuel supply to non-mammary tissues) of thyroid hormones and indicating 
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the importance of thyroid gland for initiation of lactation and continuous milk pro­
duction at least during the very early stage of lactation in goats. 

Acknowledgement. This investigation was supported by a research grant from Col­
lege of Agriculture Research Center, King Saud University. The author offers his 
thanks to all members of the Animal Farm of the same college headed by Mr. Ali 
Khalil for their great help and support. Also, the help and assistance of Mr. H.H. 
Mogawer during the field and laboratory work are greatly appreciated. 

References 

ll] Magdub, A.B. and Johnson, H.D. "Estimation of Thyroid Function in Regard to Milk Production 
by Measures of Plasma Thyroxine and Thyroxine Turnover." 1. Dairy Sci., 60, (supp!. 1) (1977), 105 
(Abslr.). 

[2] Cowie, A.T.; Forsyth, I.A, and Hart, I.C Hormonal Control of Lactation. Berlin, Heidelberg and 
New York: Springer-Verlag, 1980. 

[3J De Fesi, CR.; Pels, E.C, and Surks, M.1. "Triiodothyronine Stimulates Growth of Cultured G.C 
Cells by Action Early in the GI Period." Endocrinology, 114, (1984), 293-295. 

[4J Akasha, M.; Anderson, R.R.; Ellersieck, M., and Nixon, D.A. "Concentration of Thyroid Hor­
mones and Prolactin in Dairy Cattle Serum and Milk at Three Stages of Lactation." 1. Dairy Sci., 70, 
(1987),271-276. 

[5] Vanjonack, W.J., and Johnson, H.D. "Effects of Moderate Heat and Milk Yield on Plasma 
Thyroxine in Cattle." 1. Dairy Sci., 58, (1975), 507-511. 

[6] Hart, I.C; Bines, J .A.; Mortant, S. V., and Ridley, J.L "Endocrine Control of Energy Metabolism 
in the Cow: Composition of the Levels of Hormones (Prolactin, Growth Hormone, Insulin and 
Thyroxine) and Metabolities in The Plasma of High- and Low-Yielding Cattle at Various Stages of 
Lactation." 1. Endocr., 77, (1978), 333-345. 

(7] Henneman, H.A.; Reineke, E.P., and Griffin, S.A. "The Thyroid Secretion Rate in Sheep as 
Affected by Season, Age, Breed, Pregnancy and Lactation." 1. Anim. Sci., 14, (1955), 419-434. 

[8] Robertson, H.A. and Falconer, I.R. "Reproduction and Thyroid Activity." 1. Endocr., 22, (1961), 
133-142. 

[9] Bhattacharyya, B.; Varshney, V,P.; Sanwal, P.C, and Pandey, 1.K. "Thyroid Status during Late 
Phase of Pregnancy in Goat." Indian Vet. J., 63, (1991),586-587. 

[10] Soliman, F.A.; Nasr, H., and Zaki, K. "Levels of Thyrotrophic Hormone in the Blood of Friesian 
Cows at Various Reproductive Stages." J. Reprod. Fertil., 6, (1963),335-340. 

[11] Wentzel, D. and Botha, L.J.1. "Thyroid Function in Nutritionally-Stressed Pregnant Angora Goat 
Does." Agroanimalia, 8, (1976), 163-164. 

[12] Heshmat, H.A; Taha, A.; Ismail, AA. and Sami, M.B.A "Levels of Thyroid Hormones in the 
Plasma of Pregnant Camels (Camelus dromedarius)." Indian 1. Anim. Sci., 54, (1984),663-665. 

[13] EI-Nouty, F.D.; AI-Haidary, A.A. and Salah, M.S. "Seasonal Effects on Body Temperature, 
Thyroid Function, Blood Glucose and Milk Production in Lactating and Dry Holstein Cows in Semi­
Arid Environment." Arab Gulf 1. Scient. Res., 8, No.1 (1990), 89-103. 

[14] Flamboe, E.E. and Reineke, E.P. "Estimation of Thyroid Secretion Rates in Dairy Goats and Mea­
surement of 1131 uptake and Release with Regard to Age, Pregnancy, Lactation and Season of Year. " 
1. Anim. Sci., 18, (1959), 1135-1148. 

[15] Refsal, K.R.; Nachreiner, R.F., and Anderson, C.R. "Relationship of Season, Breed, Lactation, 



94 M.S. Salah 

Age and Pregnancy with Serum Thyroxine and Triiodothronine in Holstein Cows." Domestic Anim. 
Endocr., 1, (1984), 225-234. 

[16) Plaut, K.; Bauman, D.E., and Agergaard, N. "Effect of Endogenous Prolactin on Lactational Per­
formance of Dairy Cows." 1. Dairy Sci., 68, (Suppl. 1) (19S5), 169, . (Abstr.) 

[17] Nixon, D.A.; Akasha, M.A. and Anderson, R.R. "Free and Total Thyroid Hormones in Serum of 
Holstein Cows." J. Dairy Sci., 71, (1988),1152-1160. 

(18J Johnson, RD. and Vanjonack, W.J. "Symposium: Stress and Health of the Dairy Cow." 1. Dairy 
Sci., 59, (1976),1603·1617. 

[19) Hart, I.e.; Bines, 1.A. and Mortant, S.V. "Endocrine Control of Energy Metabolism in The Cow: 
Correlations of Hormones and Metabolites in High and Low Yielding Cows for Stages of Lacta­
tion." 1. Dairy Sci., 62, (1979), 270-277. 

(20] EI-Nouty, F.D. and Hassan, G.A. "Thyroid Hormone Status and Water Metabolism in Hereford 
Cows Exposed to High Ambient Temperature and Water Deprivation." Indian 1. Anim. Sci., 53, 
(1983),807·HI2. 

[21] Bell, B.A.; Hainen, W. and Johnson, H.D. "Environmental Heat Effects on Tropically Evolved 
African Pygmy Goats." 17th Conference on Agriculture and Forest Meteorology and Seven Confer­
ence on Biometeorology and Aerobiology, May 21-24, Scotts~ale, Ariz. Published by the American 
Meteorological Society, Boston, Mass, (1985). 

[22] Johnson, H.D. "Bioclimates and Livestock." In: Bioclimatology and the Adaptation of Livestock, 
H.D. Johnson, (Ed.), Amsterdam, The Netherlands: Elsevier Science Publishers B. V., 3-16, 1987. 

[23] SAS User' Guide. Statistical Analysis System: Statistics. SAS Circle, P.O. Box 8000, Cary, NC, 
27511-8000, USA: SAS Inst.Ine., 1986. 

[24] Riis, P.M. and Madsen, A. "Thyroxine Concentrations and Secretion Rates in Relation to Pre­
gnancy, Lactation and Energy Balance in Goats." 1. Endoer., 107, (1985), 421-427. 

[25J Abdo, M.S. "Hormonal Variation in the Blood of Buffaloes during Pregnancy." M.D. Vet. Thesis, 
Cairo University, Cairo, (1962). 

[26] Ayoub, LL.; Salem, S.Y., and Soliman, F.A. "Thyroid Functions in Goats as Influenced by Pre­
gnancy, Lactation, Season and Oestrogen." Egypt 1. Physiol. Sci., 1, (1974), 133-13H. 

[27] Salah, M.S. "Pre- and Post-partum Levels of Serum Progesterone and Oestradiol 17-B in Aardi 
Goats." Beitr. Trop. Landwirtsch. Ver. Med., (1994), in press. 

[28] Hayden, T.J.; Thomas, C.R., and Forsyth, I.A. "Effect of Number of Young Born (Litter Size) on 
Milk Yield of Goats: Role of Placental Lactogen." 1. Dairy Sci., 62, (1979), 53-57. 

[29] Salah, M.S.; Bakkar, M.N., and Mogawer, H.H. "Factors Affecting Milk Production in Aardi 
Goats." Indianl. Anim. Sci., 61, (1991), 416-419. 

[30] Peart, J.N. "Lactation of Suckling Ewes and Docs." Tn: Sheep and Goat Production. Vol. 26, I.E. 
(Ed.) World Animal Science Series. Amsterdam: Elsevier, 1982. 

[311 Goodman, H.M. and Van Middlesworth, L. The Thyroid Medical Physiology. V.R. Mountcastle, 
(Ed.) St. Louis, MO. USA: c.Y. Mosby Co., 1974. 

[32] Mixner, J.P.; Kramer, H.D., and Szabo, K.T. "Effect of Breed, Stage of Lactation, and Season of 
the Year on Thyroid Hormone Secretion Rate of Dairy Cows as Determined by the Chemical 
Thyroxine Turnover Method." 1. Dairy Sci., 45, (1962), 999-1002. 

[33] Heitzman, R.J. and Mallinson, C.B. "A Comparison of the Thyroxine Levels in the Plasma of 
Healthy, Starved and Acetonaemic Dairy Cows." ReI!. Vet. Sci., 13, (1972), 591-593. 

[34] Thilsted, S.H. "Regulation of the Partition of Nutrients in the Dairy Cows in Late Pregnancy and 
Early Lactation." Zeitschrift fur Tierphsiologie, Tierenahrung and Futtermittelkunde, 53, (1985), 
lO·lH. 

[35] Walch, D.S.; Vesely. J.A., and Mahadevan, S. "Relationship Between Milk Production and Cir-



Thyroid Hormone Levels During Late Pregnancy and ... 95 

colating Hormones in Dairy Cows." J. Dairy Sci., 63, (1980),290-294. 

[36] Blum, J.W.; Kunz, P.; Leverberger, H.; Yautseki, K., and Keller, M. "Thyroid Hormones, Blood 
Plasma Metabolites and Haematological Parameters in Relation to Milk Yield in Dairy Cows." 
Anim. Prod. 36, (1983), 93-104. 

[37) Hassan, G.A.; EI-Nouty, F.D., and Salem, M. H. "Relationship Between Milk Intensity and Pituit­
ary-Thyroid Function in Water Buffaloes." 1. Agric. Sci., Camb, 104, (1985), 473-475. 

[38) Lorscheider, F. L. and Reineke, E.B. "The Influence of Lactational Intensity and Exogenous Prolac­
tin in Serum Thyroxine Level in the Rat." Proc. Soc. Exp. Bioi. Med., 138, (1971), 1116-1118. 

[39) Akasha, M. and Anderson, R.R. "Thyroxine and Triiodothyronine in Milk of Cows, Goats, Sheep 
and Guinea Pigs." Proc. Exp. BioI. Med., 177, (1984), 360-37l. 

[40] MacFarlane, W.V. "Concepts in Animal Adaptation." In: Proceedings of the 3rd International Con­
ference on Goat Production and Disease., pp. 375-397, Jan. 10 to 15, Tucson, Arizona USA, Dairy 
Goat J. Scottsdale, AR. USA, Publishing Co., (1982). 



96 M.S. Salah 

;.A11 ..,.."u-IJ ;.r"t::il j..J-1 ;;.; J')I..,;. ... .;..\JI ,,:,,>uY>.r" ..:..>4>,-, 

~.;WI rUI j - -
C~.u-l~,rs 

,-/~)I ,.".... .'l111 .... L,- ,~0)1 ~ ',Jyl CL:;'j1 ~ 

,,~I "'.r11 <.(WI 

( .... , I 'O/'/'A JrD J,iJ , .... , 1'1/' ./" JrD roil 

rill ('.;::-- J ( • ..!.> ».,,JI '-I '"j,; ":";J.;:!lb (,..!.» U:-SJ~I Cl y /' ""1.;,5) ~ . ~I ...,...,:.L 
!'""'y Cr' JJ'11 <!')\!)I ~L.'1b JJ-I ;;; Cr' .;:>'11 yt-!-ll J')\,:. .!IEJ (<# <J')L) ~JL..JI 

('.;;-JI ~ ,..!.> "->lu:. ...... ..:.;\5 .l....."tl ~ . «('f,; JI <.$») ..ybll ,-,-" ~t; Jl= \'1 ~ ..\,.:.1 .Ii) : ~I 
r-<ll el.i;) C::' ~I !'""'Y Cr' JJ'11 <!')\!)I ~L.'11 J')\,:..!.l.l; j>' i.r't:il JJ-I ip> J')\,:. J?I 
~~ 0l.4;..;1 "" RI ~~I 'j,S .I~b I;}y ~I -sll .!.l.l; j>' ~f,; ~I -sll rill J 
J..c.... ~ """;l.4;..;~.,l ~11:l:,;I!'""'y l..y Cly.;+ll fil rl.i.:....L -,ry,. L< i,\'}1 = ;":".;,5) J 
..:.;l5:; • ..!.> ""~ lol . ~I!'""'y Cr' JJ'11 ~L.'11 J')\,:. ,..!.> ""~ ~..J.,l; "",I,jl . ojl)1 
~I j>' JJ'11 i;...J1 J')\,:. • ..!.> Jl ,..!.> L..; el.i;) C::' t..~ loJ i,\'}1 J,.i lo ip> J')\,:. ~.l,.l::.. 

..:.;l5:; (.oy,. ~I ~I <:.S C::' ('.;;-JI ~ <,iJ..u1 ""Cy/, d.;,5) .l.L,;) ",,')\..ol...o ClI \'1 'i.;:>'11 

. cS' 1,;1 I .!.l.l; j>' (' f,::J I "" I,\') I ;... ~ ~J ,..!.> j>' • ..!.> J <,....:J L --:Sf r-'-<J ;W L. 


	
	
	
	
	
	
	
	
	
	

