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Abstract

The availability of biochemical blood data specific the pregnant condition are essential for the
correct management of both normal pregnancies &sul far the prompt recognition of every

abnormality. Because of the lacking knowledge almathemical blood analysis in the donkey
along the entire pregnancy, the study was desigmpbvide first preliminary data about the values
and possible changes of blood alanine aminotraastefALT), aspartate aminotransferase (AST),
total bilirubin (TBIL), alkaline phosphatase (ALPgreatine-kinase (CK), blood urea nitrogen

(BUN), creatinine (CREA), uric acid (UA), amylas&MY), gamma-glutamyl transferasg-GT),
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triglycerides (TRI), cholesterol (CHOL), total peat (TP), albumin (ALB), glucose (GLU),

phosphorus (P), calcium (Ca), occurring from thegitweing of pregnancy until parturition. The
study was performed on 10 Martina Franca healtimyigs with normal pregnancy course and
giving birth to mature, healthy and viable foalso®l samples were collected monthly from tfie 1
to the &' month of pregnancy, then twice a month from tHet® the §' month and afterwards

weekly until parturition. The results showed a figant slight increase of glucose and creatinime i
the second quarter of pregnancy and a minor dexrefasholesterol near to parturition, while all

the other parameters did not significantly charigagpregnancy.

1. Introduction

Pregnancy is a very dynamic physiologic conditionwhich the female mammals undergoes
several changes, mainly related to the adjustnudritee genital system, the metabolic changes, and
the fetal growth. All the physiologic changes mhstwell known in order to promptly recognize
abnormalities that could impair the health of thegmant female, of the fetus, or both. Among the
wide variety of physiologic changes, the knowled§e¢he normal biochemical blood changes, as
markers of organs activity and efficiency, are iegpl Because every species is characterized by
particular physiologic changes related to pregnaspgcie-specific knowledge are necessary for a
correct management of each animals species gestitidthe horse mare, several studies reported
the physiological blood biochemical changes dupregnancy [1-5] but, to the authors knowledge,
only one study reported the blood biochemical ottarestics of the pregnant Amiata jennies, but
only related to the last 8 weeks before foaling. [fhus a detailed information about the
biochemical blood values and changes occurringgatlbe whole donkey pregnancy is lacking.

The donkey has for long time been considered venylas to the horse, but, in spite of some
similarities, a number of reproductive differergures between the two species were reported [7-

11]. Therefore, also for the donkey, species-spe@fegnancy-associated blood biochemical
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profiles are necessary for providing practical $ofdr the prompt disturbances diagnosis and
management.

Moreover, in the horse, some pregnancy-associdted lbiochemical differences were reported in
the different breeds, probably because of the miffemetabolic conditions.

Italian donkeys overall population consists of salvé&reeds, mainly characterized by a marked
difference in body size, and used for differentgmses, such as onotherapy, milk production, etc..
Among them, the Martina Franca donkey breed has gesatly appreciated in the past for the high
stature (135-148 cm of height at the withers indle®, and 135-153 cm of height at the withers in
males), in comparison to other breeds. At predbistpbreed, consisting of 68 approved for breeding
jackasses and 292 jennies (Food and Agriculturea@zgtion Domestic Animal Diversity
Information System, 2014) [12], is considered em@aed. Within an endangered population, the
exact knowledge about the physiological featuresregroduction is essential to allow the
preservation program application.

In order to add useful knowledge for a better rdpobive management in an endangered ltalian
donkey breed, the present study was aimed to peawid biochemical blood analysis data during
the whole normal pregnancy course in Martina Fraecaies.

2. Material and methods

2.1 Animals

The project was approved by the Committee on AniRedearch and Ethics of the Universities of
Chieti-Pescara and Teramo (http://www.unich.it/tret/appmanager/federati/CEISA), Protocol
#45/2013/CEISA/COM, approval date July 16, 2013.

The study was performed on 10 Martina Franca jenriel2 (mean + SD: 8.9 + 2.18) years old,
320-380 (mean = SD: 343 £ 20.03) kg body weightidsal in the Veterinary Teaching Farm, of the
University of Teramo, Italy, and fed daily with stiard hayad libitum and commercial equine
fodder (4 kg) The jennies were healthy, dewormed before breedind regularly vaccinated and

kept in open paddocks. At the time of the ultragwaphic detection of a follicle greater than 30
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mm in size, the jennies were artificially insemathtwith semen collected from stallions of proven
fertility, every 48 hours, until ovulation. Pregrgndiagnosis was done at 14 days after ovulation,
considered as the first day of pregnancy, and ooefi at 45 days after ovulation. The jennies
general condition, the pregnancy course, the fd®alelopment and well-being, were fully
monitored by routine clinical and ultrasonograplkkaminations until parturition. The body
condition score ranged between 3/5 and 4/5 andineth@nchanged along the entire pregnancy.
Jennies were kept in open paddocks for most oppthgnancy and, when the udder enlargement
was detected, moved to individual delivery boxed amonitored via a close circuit television
system [7,13]. After delivery the foals were imneddly evaluated for maturity, health and
viability. Foalings were defined as normal and gpoaous, and donkey foals defined as mature,
healthy and viable, according to the criteria régbby [14].

2.2 Blood sampling and biochemical analysis

Starting from the first month of pregnancy, blo@mglings were performed with the following
schedule: monthly until the end of th® Bionth of pregnancy, twice a month from tffetd@ the end

of 9" month of pregnancy, and then weekly until foaliBtpod samples were collected always in
the morning, between 8.00 and 10.00 AM, from thgujar vein into plain vacutainer and, after
centrifugation at 1500 x g for 10 min, serum washdiawn and frozen at -80° C until analysis,
performed by an automated biochemistry analyzeryrfius AU 400, Olympus-diagnostic,
Hamburg, Germany).

The analysed parameters included: alanine amirsfgease (ALT), aspartate aminotransferase
(AST), total bilirubin (TBIL), alkaline phosphatas@®LP), creatine-kinase (CK), blood urea
nitrogen (BUN), creatinine (CREA), uric acid (UAmylase (AMY), gamma-glutamyl transferase
(y-GT), triglycerides (TRI), cholesterol (CHOL), tbtarotein (TP), albumin (ALB), glucose
(GLU), phosphorus (P), calcium (Ca).

2.3 Statistical analysis
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100 Data were assessed for normality by Kolmogorov-8avir Data about the biochemical blood
101  parameters changes along pregnancy were analysatiebynalysis of Variance for repeated
102 measures (ANOVA), followed by the Tukey test for liple comparisons. For each parameter,
103  differences recorded at each sampling time wereidered significant with p<0.05. Data were

104 analysed using SPSS 15.0 for Windows platform (SRR8SChicago, IL, USA).
105 3. Results

106 3.1 Clinical findings

107  All the jennies foaled spontaneously and unassistethe physiological end of pregnancy (mean
108 361.6 + 12.47 days long, range 346-381 days), and Qirth to mature, healthy and viable foals.
109  Therefore, data about the biochemical parametensgapregnancy in all the 10 Martina Franca
110  jennies, were considered suitable to provide piakny normal data about biochemical blood
111  parameters during pregnancy.

112 3.2 Biochemical blood findings

113 Data about biochemical blood changes recorded rofihm the £ to the ' month, and then
114  twice-a-month from the ' to the §' month of pregnancy are reported in table 1. Détaut
115  biochemical blood changes recorded weekly fromitéweek before parturition until foaling, are
116  reported in table 2. Each parameter is expresseattas + SD and (min-max).

117 4. Discussion

118  Although belonging to the same famiBguidae, genusEquus, horses and donkeys share some
119  physiological similarities, but however showed sospecie-specific differences. Therefore for a
120 better management of the pregnancy condition, @ladat the donkey specie are required.

121 To the authors knowledge this is the first studyoréing the biochemical blood changes occurring
122 during the whole pregnancy course in donkeys. lddealy one study previously reported the
123 hematologic and biochemical changes occurring & ltst 8 weeks of pregnancy and during

124 lactation, in Amiata breed jennies. Therefore, phesent study results could be considered as the
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first, preliminary, pregnancy associated referesat@ for this species, although data were collected
from a small number of only one donkey breed. H®vealthough the number of pregnant jennies
enrolled in the present study could seem very srtahould be highlighted that, according to the
Martina Franca breed consistency, a number of Iihas on a total of 292 total jennies may be
considered adequate. Because all the 10 jenniesesha normal pregnancy course and foaled
spontaneously at the physiologic term of pregnamgying birth to mature, healthy and viable
foals, obtained data can be considered as indeativthe normal pregnant condition in Martina
Franca jennies. Although the apparently wide raofj@regnancy duration (346-381 days), the
mean = SD pregnancy length (371+12 days) and rangeg in agreement with data previously
reported for the same donkey breed [13]. Althouuh paternal effects on fetal growth are well
known, the interplay between maternal and pateeffacts on pregnancy-associated biochemical
blood changes could also be taken in considerabah,at present not investigated. Under this
perspective, in the present study it could havenheduable to use the same stallion for all the 10
jennies, but this was not feasible in a presermatimogram application of endangered population.
When the biochemical blood parameters were evaluately glucose, creatinine and cholesterol
showed statistically significant changes, while tak other parameters remained almost constant
along the whole pregnancy course, without staéill}isignificant changes.

4.1 Glucose

Glucose serum levels (mean levels ranging betw@ean@d 112 mg/dl) were very similar to those
reported for the Amiata jennies from 2 months befimaling [6], and also to the data reported for
the Ragusano adult donkey [15], but a bit highantthe mean value reported for the Brazilian
donkey [16]. In the present study a significantqQ®d) slight increase in blood glucose levels was
observed from theLmonth (67+8.91 mg/dl) to the™6and half month of pregnancy (82+5.52
mg/dl), without any further significant change. Fhdifference was not reported in the study on
Amiata jennies [6], but that study started in tast[2 months of pregnancy, when the change could

have already been occurred. Bonelli et al [6], tburowever higher blood glucose levels in
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pregnant jennies as compared to reference valuesltdt donkeys, and suggested that that finding
could be attributable to the development of insudisistance, recognized for other species such as
the horse, the dog and the human. In the presedy,stherefore, the significant increase of blood
glucose values in Martina Franca jennies from tbagidning to about half of pregnancy course,
could be supposed to be related to a similar cmmddf insulin resistance, even if this hypothesis
need to be in deep investigated. When comparedttordported in the horse mare, although [1] did
not find pregnancy associated blood glucose chamgestudy performed on Lipizzaner mares
reported higher blood glucose levels in late-terragpant mares than those in early or mid-
gestation [2]. Aoki and Ishii [17] and [5] reportbédyher glucose levels at parturition, supposed to
be related to the physical stress at parturition],[br as the consequence of the progressive
development of insulin resistance that allows theease placental transfer to the fetus [5]. It must
be highlighted that, different to the study perfednn the horse mares, in the present study the las
sampling time before foaling was never performeddkact day of parturition, but always at least 2
days before parturition.

4.2 Blood urea nitrogen, creatinine, uric acid

Blood urea nitrogen serum values (mean levels ranigetween 14 and 22 mg/dl) were always a bit
lower when compared to adult donkey of differergdals [15, 16, 18], and the difference resulted
more pronounced when data were compared to thpeeted for the Catalan donkey breed (the
donkey breed closest to the Martina Franca breH]) fuggesting a possible effect of each breed
on the BUN values. When the BUN whole pregnhancys®yprofile was evaluated, no significant
changes were observed, likely to what reportedHerhorse mare [1], but different to the trend of
decrease observed in Lipizzaner mares from abeufifth month of gestation until parturition [2].
This finding was different from data reported iregmant Amiata jennies, in which blood urea
significantly increased during the last 2 weekpmgnancy. Moreover, the BUN values recorded in
the last 2 months of pregnancy in Amiata jenniesewegher in comparison to the present study

results.
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Creatinine serum concentrations showed a signifitarease (p<0.01) between th&4" (mean
levels ranging between 0.9 and 1.0 mg/dl) month gned " month of pregnancy (meanzSD,
1.24+0.11 mg/dl), and then remained constant uhgl ¢énd of pregnancy. This increase could be
explained, as supposed by [5] for the horse mare, thfferent energy request by the jenny in that
phase of gestation or, also associated to theimi@atproduction by the fetus, that is however
excreted by the mother. Unfortunately, this treadhot comparable with the study reported in
jennies [6], because of the different time-framehait study. However, when compared to the horse
mare, a term-pregnancy associated creatinine isen@as reported [1,2,5]. When compared to data
reported for adult donkeys, in the present study ritean levels (ranging between 0.9 and 1.6
mg/dl) was lower in comparison to those reportedtie Amiata donkeys, but very similar to those
reported for the Catalan donkey [18] and for thgu®ano breed [15], but higher than data reported
for the Balcan donkey [19].

In the present study UA concentrations remainedchamnged along the entire pregnancy course
(mean values ranging between 0.2 and 0.4 mg/dfportimately this data could not be compared to
other studies in pregnant donkeys or horses, beddsauthors did not find reference about UA
concentrations in pregnant horses and the stuthtepregnant Amiata jennies [6] did not consider
this parameter.

4.3 Lipid metabolism and enzymes

Triglycerides serum levels remained unchanged tilrout pregnancy (mean values ranging
between 80 and 139 mg/dl), and resulted very viriainong subjects, as highlighted by the wide
standard deviations. This finding is however vamilar to data reported in the Amiata jennies [6].
In the horse, [1] reported the highest concentnatibtriglycerides at mid-gestation in comparison
to early-gestation, while in Lipizzaner mares yagrides were found increasing from about the
fifth month of pregnancy until parturition [2]. Whecompared to values reported for the adult
donkey, triglycerides mean concentrations resuftigtier in comparison to the Ragusano donkey

[15], but rather similar to data reported in thedlan breed [18].
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Cholesterol serum levels showed a significant (ps0decrease between the sampling performed
10 weeks before foaling (83£9.09 mg/dl) in compamido the one performed at the last week
before foaling (66+7.90 mg/dl). This finding is@ontrast con the absence of significant cholesterol
concentrations in the last 8 weeks of pregnandiienAmiata jennies [6], even if the values resulted
very similar in the two breeds, as well as wheradetre compared to mean values reported for the
Catalan [18] and Ragusano [15] adult donkeys.

All together, those different species- and bredated findings seem to suggest that the lipid
metabolism is one of the most influenced by sevixetiors, and therefore reference data should
also consider the specific physiologic conditisws;h as pregnancy.

Total bilirubin serum levels remained unchangedughout pregnancy with mean values ranging
between 0.0 and 0.1 mg/dl. These trend and valteesnaagreement with data reported in the
Amiata jennies [6] and also similar to data repbrier the Catalan [18] and Ragusano [15] adult
donkeys. However, these data are in contrast ttothébilirubin increases reported in the pregnant
horse mare [1], in which the late pregnancy enkngierus was supposed to induce a secondary
cholestasis. AST plasma concentrations did notifesgntly change along the entire pregnancy
(mean levels ranging between 133 and 198 U/L). This contrast to the trend of increase near to
foaling reported in the Amiata jennies [6], butcalwith the decreasing trend of AST activity
reported in the final third of pregnancy in the e§t-4]. The mean values obtained in the present
study were however higher than those reported énAmiata jennies [6] in the last 8 weeks of
pregnancy, but on average lower when compared ta dgorted for the adult Catalan [18],
Ragusano [15], and Brasilian [16] donkey breeds Vhlues appeared very similar to the data
reported for the Ethiopian donkey [20]. The ASTihatt appears to be marked different among
breeds within the same species and deserves infeves a clinical stand point, needing further
investigation in the specific condition of pregngnc

Also ALT serum mean levels (ranging between 2 ahdll§ remained unchanged along the whole

pregnancy course, but a comparison with the Anpa¢gnant jennies is not possible because the
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authors did not analyse that enzyme. Unfortunately studies reported the data in the adult
donkey, so that when the values were comparedtéordported for the adult Ragusano [15] and the
Ethiopian donkey breed [20], the present study desalted about two and four times lower,
respectively. Also in the mare no significant chesxglong pregnancy were detected [3,4].
Gamma-glutamyl transferase activity (mean serumestanging between 13.6 and 25.7 U/L) did
not significantly change along pregnancy, diffekeid the decreases reported close to parturition
in the Amiata jennies [6], that reported valuesitahigher in comparison to the mean values
observed in the present study. However, also impthgnant mares a significant decreasg-GIfT
associated in the third in relation to the firstidhe second period of pregnancy [1,4] was repeorted
while in Holstein breed mares [3] significanGT changes along pregnancy were not detected. On
the opposite, [5] reported an increaye@dT activity around delivery. Therefore the effettoreed

on y-GT changes associated to particular physiologieditmons such as pregnancy should be
carefully considered. When data were compared toesareported for the adult donkeys, the
present study results were very similar to the meslnes reported for the adult Ragusano breed
[15] and the Balcan breed [19], but about one lmaifer when compared to data reported for the
Catalan breed [18] and the Brazilian breed [16].

4.4 Amylase

Amylase activity remained unchanged along the whmegnancy course (mean serum values
ranging between 3 and 4 U/L) and this finding i$ cmmparable with the Amiata pregnant jennies
because this parameter was not studied by thokerautAlso in the pregnant horse the authors did
not find data for comparison. The comparison ofaot#d values with data reported for the adult
donkey, the present study mean values was veryesitoithe mean value reported in the Ragusano
breed [15].

4.5 Muscular enzymes

The creatine-kinase activity did not show significghanges along the whole pregnancy course

(mean serum values ranging between 36 and 77 Uth,wde standard deviations), in contrast to
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data reported in the Amiata jennies [6], in whickignificant decrease was observed from the last 4
weeks before parturition. However, the mean CK eslwere similar between the two studies. In
comparison to data reported for the mare, [17] doarsignificant CK increase at delivery, while a
CK decrease in the third period of pregnancy wasnted in Spanish mares [4]. When the mean
values were compared to data reported for the altuikeys, the present study results were more
than two times lower [15,16,18,19].

The alkaline phosphatase activity also remainechamged (mean serum values ranging between
104 and 137), similarly to what reported in the Bisveeks of pregnancy in the Amiata jennies [6],
even if the present study mean values were aWwgnddn comparison to data obtained in that study.
The absence of significant changes agree with miodata reported for the mare, except for the
ALP activity increase observed around delivery éavy draft mares [17], and in Lipizzaner mares
[2], and, on the opposite the decrease betweeyn gastation and the last third of pregnancy [1].

4.6 Total proteins, albumin

As previously mostly reported in the horse, alsaha present study nor total proteins neither
albumin serum concentrations did not change scpmtly along pregnancy in Martina Franca
jennies, with mean values ranging between 6.5 aBdgRll and 2.9 and 3.7 g/dl, respectively.
However, a slight TP concentrations decrease inatie8 weeks of pregnancy, was found in the
Amiata jennies [6], while albumin concentrationsneened unchanged. Also in mares, TP were
found to increase in the second and third perioghrefnancy respect the first period [4], or at
parturition in comparison to late pregnancy [5],ilehalboumin remained unchanged [4,5], or
decreased in late-term pregnancy than in Lipizzamares in early and mid-gestation [2], while a
study on several horse breeds did not report pregnassociated changes nor for TP neither for
albumin [1]. When the mean values were concernaal résults of the present study were very
similar to data reported in the Amiata late predrjannies [6], and also to data reported for the
adult donkey [15,16,18,19].

4.7 Calcium, phosphorus
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Nor calcium neither phosphorus showed a significdrainge during pregnancy, with mean serum
values ranging between 8.3 and 15.2 mg/dl and r&d64al mg/dl, respectively, while a significant
phosphorus concentrations increase at deliveryeotdpe previous last 8 weeks of pregnancy in
Amiata jennies [6] was reported. In the horse a@igal decrease at parturition was reported [5],
while [1] found lower calcium concentrations in timst two months of pregnancy in comparison to
mid-gestation. Serum phosphate concentrations wasdf lowest at mid-gestation [1]. The mean
values observed in the present study resulted hewswmilar to those reported in late pregnant
Amiata jennies [6], but also in line with data rejed for the adult Ragusano breed [15].

5. Conclusion

In conclusion, the present study provided the fittata about the biochemical blood analysis in
Martina Franca jennies along the entire normal mpaegy course. The study shared some
similarities and displayed some differences wittadareviously reported for the last 8 weeks of
pregnancy in the Amiata donkey breed, and with datained in pregnant horse mares, evidencing
once more, the differences existing between the égquine species, and also within the donkey
species, as demonstrated by the finding of sonferdifces in comparison to data obtained in other
breeds adult donkeys. Taken together, the resulis the present study seem to confirm the need
for specie-specific reference data, but also sughes breed-specific reference are necessary for a
better interpretation of laboratory analysis alsalonkeys. Moreover, data and changes related to
the pregnancy condition are also necessary foadeguate management of normal gestations, but
even more for the prompt recognition of every abradities, pivotal in every reproductive process

and even more during program of endangered populatieservation.
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Month GLU BUN CREA TRI CHOL AMY AST ALT TBIL ALP yGT
of pregnancy mg/d| mg/dl mg/dl mg/dl mg/d| U/L U/L U/L mg/d| U/L U/L
1 67+8.9 |18+3.83/09+0.15|84+28.08|63+6.84 |3+1.25/141+19.14/2+0.67| 0.0+0.05| 121 +29.04 13.6 +2.38
(58-90) (15-24) | (0.6-1.1) | (56-133) (55-78) (1-5) (122-176) | (1-3) (0-0.1) (86-175) (10.8-18.2)
2 69+8.97 | 19+4.86/ 1.0+ 0.15 | 90 +25.88 | 66 +10.00] 3 +1.14| 148 +16.59) 3+ 1.14| 0.0+ 0.05| 131 + 28.04 13.8 +2.92
(59-83) (15-31) | (0.8-1.2) | (64-138) (41-76) (1-5) (119-169) | (1-5) (0-0.1) (93-189) (10.0-18.5)
3 72+595 | 20+4.20/ 0.9+ 0.2 | 98 +30.55 | 67 +7.68 | 3+0.67| 144 +21.11{ 2+0.82| 0.1 £0.05| 135+41.42 13.8 +3.11
(65-86) (12-25) | (0.6-1.4) | (69-132) (50-81) (2-4) (104-176) | (1-4) (0-0.1) (96-240) (9.8-18.7)
4 72+7.71 |22+3.13/ 0.9+0.17 | 86+27.36 | 71+£9.87 | 4+ 1.37| 147 £22.38/ 2+ 0.79| 0.0+ 0.05| 137 +35.74| 14.1 +2.71
(55-80) (14-26) | (0.7-1.3) | (56-111) (51-83) (3-7) (117-174) | (1-3) (0-0.1) (88-219) (9.7-18.6)
5 74+9.17 | 20+3.40{ 1.0+0.21 |90+ 26.87 | 68 +9.44 | 4 +1.52| 146 +19.22 3+1.23| 0.0+ 0.05| 130 + 26.29 14.4 + 3.26
(61-91) (15-26) | (0.7-1.4) | (52-143) (50-78) (1-6) (112-172) | (1-5) (0-0.2) (101-167) | (9.6-15.9)
6 79+9.74 | 18+4.70{ 1.1 £0.15 | 102 £25.16 72+ 7.59 | 3+2.26| 163 + 30.64{ 3 +2.13| 0.1 £0.05| 129 + 35.61] 17.2 + 5.59
(62-97) (13-29) | (0.8-1.3) | (54-142) (66-85) (1-8) (124-210) | (1-5) (0-0.1) (94-222) (11.2-24.8)
6.5 82+552 |17 +3.75/ 1.0+ 0.13 | 90 £ 30.46 | 68 £ 7.18 | 3+ 1.20| 157 +25.04/ 3+ 1.40| 0.0+ 0.05| 115 + 25.88 16.0 + 5.82
(76-90) (13-26) | (0.8-1.2) | (46-138) (57-81) (1-5) (115-193) | (1-5) (0-0.1) (80-167) (9.2-28.6)
7 81+833 |16+4.24{1.0+£0.17 | 81+25.67 | 68+7.39 | 3+2.13]161+32.90 3+1.15/ 0.0+£0.05| 114 +£22.55 15.2 +4.07
(66-91) (12-22) | (0.7-1.3) | (37-117) (59-78) (1-8) (118-226) | (1-5) (0-0.1) (91-167) (11.0-23.9)
75 79+10.39 18 +4.22| 1.0+ 0.14 | 80 £ 25.56 | 66 + 10.63] 3 +1.70| 158 + 31.95( 3+ 1.08| 0.0+ 0.05| 113 +19.46| 15.7 £ 2.75
(68-99) (14-25) | (0.9-1.3) | (50-129) (55-85) (1-6) (109-210) | (1-5) (0-0.1) (88-151) (11.2-19.6)
8 78 £10.52| 18 +3.43/ 1.1 £0.18 | 83 +32.67 | 66 +10.01| 4 +1.20| 167 +32.54/ 2+ 1.07| 0.0+ 0.05| 122 + 23.71] 16.2 + 2.18
(63-91) (13-23) | (0.9-1.4) | (20-135) (55-83) (2-6) (126-212) | (1-4) (0-0.1) (94-178) (13.3-19.6)
8.5 72+12.96| 18+3.71{1.0+0.19 | 84+18.91 | 61+6.41 | 3+1.64| 162 +36.24/ 3+1.70/ 0.0+ 0.05| 113 +21.01] 16.4 + 2.54
(51-88) (13-25) | (0.7-1.4) | (56-113) (50-76) (1-6) (115-218) | (1-6) (0-0.1) (92-161) (12.2-20.2)
9 73+12.93/20+6.06)/ 1.2 +0.1° | 96 +26.28 | 69 +9.88 | 3+1.85| 174 +36.83] 3+2.13| 0.1 +0.07| 116 + 24.82 17.7 +3.74
(49-92) (12-28) | (1-1.4) (52-130) (56-88) (1-7) (122-216) | (1-8) (0-0.2) (91-162) (14.2-24.5)

2P denote within column significant differences wjith0.01



Month CK TP ALB UA Ca P
of pregnancy U/L g/dl g/dl mg/d| mg/d| mg/d|
1 50+31.89 | 6.6+£0.37 |29+0.31 |0.2+0.06|8.6+2.08 |2.8+0.37
(21-105) (6.1-7.1) (2.4-3.6) (0.1-0.3) | (5.9-11.6) | (2.1-3.3)
2 57+31.71 | 6.8+053 [3.1+0.22 | 0.2+0.08/9.1+2.27 |3.0+£0.28
(20-119) (6-7.5) (2.8-3.5) (0.1-0.3) | (6.3-12.2) | (2.5-3.5)
3 64 +3040 | 6.9+£056 |3.1+0.29 |0.2+£0.04/95+£2.71 |3.1+042
(24-101) (5.8-7.7) (2.5-3.7) (0.2-0.3) | (6.2-14.2) | (2.6-4.1)
4 69+29.99 | 69+045 |3.2+040 |0.2+0.08/ 10.4+2.49|2.9+0.55
(27-114) (6.3-7.6) (2.7-4.1) (0.2-0.4) | (6.9-13.3) | (2.0-3.7)
5 68 +36.06 | 6.6 £0.74 |3.0+0.36 | 0.2+£0.09|84+249 |29+0.60
(22-124) (5.2-7.5) (2.5-3.8) (0.1-0.3) | (5-12.3) (2.3-4.0)
6 69+33.31 68+£052 |3.2+040 |0.3+£0.07/9.6+3.19 |3.4+0.68
(35-131) (6.3-7.8) (2.8-4.2) (0.2-0.4) | (6.8-16.7) | (2.7-4.4)
6.5 57+29.21 | 6.7£0.30 |3.2+0.30 | 0.2£0.07{9.1+£2.73 |3.2+0.73
(31-121) (6.4-7.2) (2.7-3.6) (0.1-0.3) | (6-12.7) (2.2-5.0)
7 65+27.89 | 6.6+0.37 |3.1+0.33 |0.2+0.06|83+2.17 |3.4+0.61
(28-117) (6.1-7.1) (2.8-3.9) (0.1-0.3) | (6.5-10.4) | (2.5-4.8)
75 76 +37.02 | 6.8£0.65 |3.2+0.36 | 0.2+£0.06|9.1+£2.20 |3.1+0.60
(23-122) (5.9-8.2) (2.6-3.9) (0.1-0.3) | (6.8-12.8) | (1.9-4.1)
8 69+3553 | 6.9+£0.49 |3.4+0.32 | 0.2+0.08/ 10.6 £2.88| 3.3+0.54
(18-118) (6-7.8) (3.0-4.1) (0.1-0.4) | (6.5-14.1) | (2.6-4.0)
85 64 +32.67 | 6.7+£0.42 |3.3+040 | 0.2+0.08/ 10.2+2.35|3.0+0.86
(30-105) (5.7-7.2) (3.0-4.0) (0.1-0.4) | (6.3-12.8) | (2.1-4.2)
9 64 +26.22 | 74+£0.80 |3.5+0.37 | 0.3+£0.08| 10.7 £2.66| 3.2 +0.47
(35-106) (6.2-8.8) (3.0-4.0) (0.2-0.4) | (6.6-14.2) | (2.5-3.8)




Weeks GLU BUN CREA TRI CHOL AMY AST ALT TBIL ALP yGT
beforefoaling mg/dl mg/dl mg/dl mg/dl mg/dl U/L U/L U/L mg/dl U/L U/L
-13 (N=2) 112 +40.31) 15+1.41| 1.4+ 0.14| 106 £9.90 | 87 +15.56| 3+1.41| 139+283 | 4+0.71| 0.1 £0.00| 124 +1.41 | 20.2+0.21
(83-140) (14-16) | (1.3-1.5) | (99-113) (76-98) (2-4) (137-141) | (3-4) (0.1-0.1) | (123-125) | (20-20.3)
-12 (N=3) 80+24.75 | 15+0.00| 1.6 +0.07| 127 +38.18 80 +9.90 | 3+2.12{ 133+2.08 | 2+ 0.00| 0.1 +0.07| 104 £ 20.51 17.6 £ 1.56
(62-97) (15-15) | (1.5-1.6) | (100-154) | (73-87) (1-4) (131-135) | (2-2) (0-0.2) (89-118) (16.5-18.7)
-11 (N=5) 76+896 |14+550/1.2+0.17| 108 +27.46| 77 +9.43 | 4+2.16| 147 £+31.18 5+2.75| 0.1 +0.06| 132 + 41.46 20.5 +9.88
(68-84) (9-21) (1-1.4) (78-138) (68-90) (2-7) (129-202) | (2-8) (0-0.1) (88-188) (14-35)
-10 (N=8) 76 +11.13 | 18 +2.41| 1.3+0.24| 112 +33.25/ 83 +9.09 | 4+2.52| 173 +35.30 4+ 1.35/ 0.1 +0.11| 135 +45.98 23.5 + 7.60
(59-90) (15-22) | (0.9-1.6) | (41-145) (70-94) (1-8) (134-246) | (2-6) (0-0.3) (88-201) (13.9-34.2)
-9 76 +15.72 | 19+4.44| 1.2 +0.19| 139 +38.37| 73+8.72 | 4+2.20] 183 +55.2 | 4+1.51| 0.1 +0.05| 128 + 31.38 24.0 + 8.06
(60-99) (9-23) (1-1.4) (86-184) (56-82) (1-7) (127-317) | (2-6) (0-0.1) (93-196) (12.9-32.8)
-8 62+19.35 | 19+4.14| 1.2+0.20| 115+21.92/ 79+9.13 | 3+1.89| 178 +36.33 6 +3.14| 0.1 +0.07| 128 £29.76 25.7 £ 9.26
(42-99) (14-26) | (1-1.6) (84-130) (67-92) (2-7) (123-226) | (3-12) | (0-0.2) (109-189) | (11.9-38.6)
-7 65+20.02 | 20+5.72| 1.3+0.16| 115+26.40 72+ 8.34 | 3+1.89| 178 +42.44 5+2.74| 0.1 £0.09| 130 £ 29.89 25.4 +7.56
(43-103) (10-27) | (1.1-1.5) | (65-155) (59-82) (1-6) (120-258) | (3-9) (0-0.3) (87-172) (12.6-32.9)
-6 67 +16.39 | 21 +3.83| 1.2 +0.12| 114 +28.01| 74 +£10.14| 3+2.01| 178 £+45.11) 3+1.69| 0.1 +£0.07| 129 £ 23.10 24.1 + 8.50
(42-93) (15-28) | (1-1.4) (68-159) (62-93) (1-7) (117-243) | (1-6) (0-0.2) (103-166) | (13.2-35.9)
-5 66 +20.43 | 19+3.33| 1.1 +0.10, 96 +29.06 | 73 +11.31| 3+1.66| 188 +45.40 4 +1.73| 0.1 +0.05| 118 +£21.41) 21.6 £+ 6.57
(37-106) (14-23) | (1-1.3) (49-131) (58-89) (1-6) (120-265) | (2-7) (0-0.1) (85-155) (10.6-32.6)
-4 69+1551 | 18+2.88| 1.2+0.18| 108 +43.13| 71 +7.62 | 4+1.73| 184 +39.86 4 +2.30| 0.1 +0.05| 118 £17.91 20.7 £ 5.47
(43-86) (13-22) | (0.9-1.4) | (39-171) (64-90) (1-6) (134-257) | (2-8) (0-0.1) (96-144) (10.7-28.7)
-3 71+7.69 |20+5.08/ 1.1+0.16/ 99+24.49 | 70+12.12 4+1.99| 198 +36.88 4 +2.31| 0.0+ 0.05| 118 +16.39 20.9 £ 6.52
(60-86) (11-28) | (0.8-1.4) | (61-130) (59-89) (1-8) (150-249) | (1-9) (0-0.1) (90-144) (10.3-32)
-2 60+11.13 | 21+4.81| 1.1+0.21| 101 +23.17| 72+7.67 |4+1.91| 172 +32.84 4+1.75| 0.1 £0.07| 119 £ 21.67| 20.0 £ 5.63
(35-80) (10-26) | (0.8-1.5) | (69-133) (63-87) (2-8) (131-220) | (2-7) (0-0.2) (98-145) (14-30.5)
-1 73+£10.90 [ 19 +4.33] 1.1 £0.23| 104 +21.33 66 + 7.90 | 4 + 1.58] 181 £ 26.07| 4 + 1.84| 0.1 £ 0.07| 112 + 27.32/ 20.2 £ 7.79
(57-92) (13-25) | (0.8-1.6) | (62-132) (52-74) (2-6) (144-220) | (2-7) (0-0.2) (79-152) (9.6-31.6)




Weeks CK TP ALB UA Ca P
beforefoaling U/L g/dl g/dl mg/dl mg/dl mg/dl

-13 (N=2) 36+7.78 | 8.2+0.78/ 3.7+ 0.99| 0.4 £0.07| 15.2 +3.04| 4.1 £0.49
(30-41) (7.6-8.7) | (3.0-4.4) | (0.3-0.4) | (13-17.3) | (3.7-4.4)

-12 (N=3) 49+0.71 | 6.5+0.07]3.5£0.21| 0.4+ 0.2 | 10.8+0.99 2.6 £+0.14
(48-49) (6.4-6.5) | (3.3-3.6) | (0.2-0.5) | (10.1-11.5)| (2.5-2.7)

-11 (N=5) 77 £55.15/ 6.9 +0.74| 3.6 £+ 0.32| 0.3 +£0.14| 12.1 £+3.48 3.4 +0.36
(30-150) | (5.9-7.8) | (3.3-4.0) | (0.2-0.5) | (7.1-14.9) | (3.1-3.9)

-10 (N=8) 51+17.25/ 7.0+ 0.75/ 3.5+ 0.46| 0.4 £0.21| 12.2 +3.29| 3.2 £ 0.99
(31-81) (6.2-8.4) | (2.9-4.1) | (0.2-0.8) | (5.6-15.8) | (2.2-4.7)

-9 56 + 20.38| 7.6 £ 0.50| 3.3 +0.39| 0.4 £0.15| 12.3 £3.15/ 3.1 +0.38
(32-92) (7.1-8.6) | (2.9-3.9) | (0.2-0.7) | (5.6-15.8) | (2.4-3.7)

-8 60 + 21.54| 7.3 +0.53| 3.5+0.42| 0.4 £0.16| 13.3£2.13 3.2+ 0.62
(36-106) | (6.6-8.3) | (2.9-4.1) | (0.2-0.8) | (7.8-15.3) | (2.5-4.3)

-7 61 +19.37| 7.3+ 0.55/ 3.6 +0.39| 0.4 £0.17| 13.4£1.09 3.4 +0.43
(37-98) (6.7-8.3) | (2.9-4.0) | (0.2-0.7) | (11.8-15.1)| (2.9-4.2)

-6 54 +26.03| 7.4 +0.64| 3.4 £0.29/ 0.4 £0.10| 12.9+1.81] 3.5+ 0.55
(23-101) | (6.5-8.5) | (3.0-3.9) | (0.2-0.5) | (9.8-14.8) | (2.7-4.3)
-5 52+21.97/7.2+0.73/ 3.5+0.38/ 0.3+£0.12| 12.1 £2.73/ 3.1 £ 0.7
(19-89) (6.1-8.5) | (2.7-4.0) | (0.2-0.5) | (6.8-14.9) | (2.2-4.3)

-4 62 + 30.22| 7.4 £ 0.66| 3.4 +0.27| 0.3 £0.07| 12.2 £2.07| 3.5+ 0.34
(27-106) | (6.6-8.5) | (2.9-3.7) | (0.2-0.4) | (8.8-14.8) | (3.1-4.1)

-3 61 +24.82 7.4+0.70| 3.5+0.34/ 0.3+£0.13| 12.8 £2.02 3.7 + 0.37
(36-98) (6.1-8.6) | (3.1-4.0) | (0.2-0.6) | (9.1-16) (3.0-4.1)

-2 57 +27.04| 7.2 £0.86| 3.5 +0.40{ 0.3+£0.10] 12.3£1.52 3.4 +0.42
(36-101) | (5.9-8.7) | (3.1-4.0) | (0.2-0.4) | (9-14.3) (2.9-3.9)

-1 54 +21.54| 7.2+0.77| 3.4 £ 0.46| 0.3+0.09| 11.0+2.32| 3.2+ 0.89
(33-98) (6.3-8.9) | (2.9-4.4) | (0.2-0.5) | (7.3-14.3) | (2.6-4.6)

2P denote within column significant differences wjith0.05




Table 1 — Serum biochemical parameters expressegas + SD (min-max), obtained from the 10 Martina
Franca jennies. Blood collection was performed miyrfrom the £ to the ' month of pregnancy and then
twice a month from the"sto the ' month of pregnancy

Table 2 — Serum biochemical parameters expressegas + SD (min-max), obtained by weekly blood
samplings from the 10 Martina Franca jennies inalse13 weeks before foaling. Because of the diffe
length of pregnancy in the enrolled jennies, inwgeks in which not all the animals were sampled exact
number of sampled animal is reported in brackets.



Biochemical analysis along pregnancy in the Martina Franca donkey
Slight changes of glucose, creatinine and cholesterol
Some similarities and differences in comparison to horse pregnancy

Some similarities and differences in comparison to adult donkeys



