Small Ruminant Research 228 (2023) 107087

Contents lists available at ScienceDirect

SMALL
RUMINANT
- RESEARCH

Small Ruminant Research

e 4

ELSEVIER

journal homepage: www.elsevier.com/locate/smallrumres

Check for

Oral sugar and vasopressin: Possible alternative in the management of e

ovine pregnancy toxemia

José-Ramiro Gonzalez-Montana >”, Maria-José Martin-Alonso ©, Luis G. Cal-Pereyra d
Alejandro Benech ¢, Francisco Escalera-Valente ', Angel J. Alonso-Diez ™"

@ Medicine, Surgery and Anatomy Veterinary Department, Veterinary Faculty, Universidad de Leén, Leén 24007 Spain
® Institute of Animal Health and Cattle Development (INDEGSAL), Universidad de Ledn, Leon 24007, Spain

¢ Department of Animal Science, Veterinary Faculty Universitat de Lleida, Lleida 50059, Spain

4 pathology Department, Veterinary Faculty, Universidad de La Reptiblica, Montevideo 13000, Uruguay

¢ Small Animals Department, Veterinary Faculty, Universidad de La Reptiblica, Montevideo 13000, Uruguay

f Academic Unit of Veterinary Medicine, Universidad Auténoma de Nayarit, Tepic, Nayarit 63700, Mexico

ARTICLE INFO ABSTRACT

Keywords:
Ovine pregnancy toxemia

Ovine pregnancy toxemia, a disease that affects adult ewes in the final stages of pregnancy and which is caused
by a negative energy imbalance, requires the usage of dextrose substances for treatment. It has been proven that
Sugar it is possible to induce reticular groove closure by means of an intravenous injection of lysine-vasopressin (LVP)

Xazo P liessm at doses of 0.08 IU/kg B.W., which enables oral administration of glucose solutions that can be used in pregnancy
eticular groove . i . . ) . >
Glycaemiag toxemia therapy. The aim of this research is to compare the effectiveness of conventional treatment with i.v.

glucose solution versus coadministration of LVP and a commercial sugar-water solution. This was administered
orally to eight ewes to which we experimentally had provoked pregnancy toxemia by fasting. The use of com-
mercial sugar, replacing other glucose solutions, could facilitate and cheapen the therapy for this disease
significantly. The results obtained indicate that the joint administration of LVP and an oral solution of com-
mercial sugar produce a noteworthy increase in glycaemia, which has a longer effect over time despite being less
marked than with i.v. administration of glucose solution. Therefore, it could be used in the therapy of this
disease. Besides, it is also able to normalize other parameters used to evaluate energy metabolism in ewes during
the days of the trial.

B-hydroxybutyrate

1. Introduction

Ovine pregnancy toxemia (PT) is a disease that affects pregnant ewes
in the last third of pregnancy and is generally associated with multiple
gestations, although it can occur in single gestations when nutritional
conditions and/or climatic conditions are poor (Andrews, 1997;
Cal-Pereyra et al., 2012; Crilly et al., 2021; Duehlmeier et al., 2011;
Macrae, 2020; Sargison, 2007; Simoes et al., 2020; Van Saun, 2000). It is
due to the inability of the ewe to meet the increased metabolic demand
of the growing fetuses during the final period of gestation (Cal-Pereyra
et al., 2012; Mohammadi et al., 2016; Sargison, 2007; Silva et al., 2022;
Simoes et al., 2020; Vasava et al., 2016) and according to Affan et al.

(2022) can present acutely or chronically.

Traditionally, this disease appears in extensive sheep farming, but it
is more and more frequent to find it in intensive production systems,
especially when assisted reproduction techniques are applied, obtaining
a large number of twin births and/or in overfed ewes and with signifi-
cant accumulation of fat (Cal-Pereyra et al., 2012; Crilly et al., 2021;
Ratanapob et al., 2018; Rook, 2000; Van Saun, 2000). There are many
studies dedicated to explaining the etiology of the disease, the etiopa-
thogenic mechanisms, the symptoms, the clinicopathological charac-
teristics and the therapeutic options (Affan et al., 2022; Aly and
Elshahawy, 2016; Andrews, 1997; Cal-Pereyra et al., 2015a, 2015b,
2012; Crilly et al., 2021; Duehlmeier et al., 2011; Gonzalez-Montana

Abbreviations: PT, pregnancy toxemia, LTI-ULE, Laboratorio de Técnicas Instrumentales de la Universidad de Leon; LVP, lysine-vasopressin; i.v, intravenously; B.
W, body weight; IU, International Units; p-HBA, p-hydroxybutyrate acid; NEFA, non-esterified fatty acids; AST, aspartate aminotransferase; ALT, alanine amino-

transferase, GGT, y-glutamyltransferase.
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et al., 2014; Karagiannis et al., 2014; Macrae, 2020; Rook, 2000; Sar-
gison, 2007; Van Saun, 2000; Vasava et al., 2016).

When blood glucose is lower than 2.22 mmol/], pregnant ewes are
forced to use their fat and muscle protein reserves for energy, giving rise
to the formation of ketone bodies (Crilly et al., 2021; Sargison, 2007;
Simoes et al., 2020). For this reason, hypoglycemia and ketonemia are
frequent findings in toxemic ewes (Aly and Elshahawy, 2016; Andrews,
1997; Cal-Pereyra et al., 2015a, 2012; Constable et al., 2017; Crilly
et al., 2021; Harmeyer and Schlumbohm, 2006; Jyothi et al., 2014;
Roubies et al., 2003; Russel, 1985; Scott, 1995; Simoes et al., 2020,
2020), although other laboratory assessments have been used such as
metabolic acidosis (Crilly et al., 2021; Simoes et al., 2020; Van Saun,
2000), decreased fructosamine serum (Igbal et al., 2022; Rook, 2000;
Silva et al., 2022), increased AST and other enzymes (Cal et al., 2009,
2009; Jyothi et al., 2014; Ortolani and Benesi, 1989; Silva et al., 2022;
Yarim and Ciftci, 2009), increased plasmatic cortisol (Aly and Elsha-
hawy, 2016; Cal-Pereyra et al., 2015a; Crilly et al., 2021; Silva et al.,
2022), increased non-esterified fatty acids (NEFA) (Raoofi et al., 2013;
Silva et al., 2022) and hypocalcemia (Raoofi et al., 2013; Roubies et al.,
2003; Silva et al., 2022; Van Saun, 2000).

The clinical signs generally appear in the 2-3 weeks prior to delivery
and although at first are mild and may go unnoticed (Affan et al., 2022;
Rook, 2000; Sargison, 2007). These signs quickly evolve towards a
neurological and digestive condition, which culminates after a comatose
phase, with the death of the animal (Cal-Pereyra et al., 2012; Constable
et al.,, 2017; Duehlmeier et al., 2011; Sargison, 2007; Scott, 1995;
Simoes et al., 2020; Van Saun, 2000). Up to 40% of the ewes in a flock
can be affected and with a mortality of 80% of the affected animals
(Crilly et al., 2021; Rook, 2000), and even between 80% and 90% of the
untreated ewes die within a week from the beginning of the symptoms
(Cal-Pereyra et al., 2012). The recovery of clinically affected ewes, even
with treatment, is around 30% (Crilly et al., 2021; Macrae, 2020) and
the mortality of lambs born to ewes with a negative energy balance is
greater than lambs born to ewes without this problem (Ratanapob et al.,
2018). Thus, the rate of lambs live births, fetal birth weight, and lamb
viability are severely affected, leading to higher rates of perinatal
mortality (Crilly et al., 2021; Sargison, 2007).

Due to the high mortality of ewes and the fact that the treatment is
expensive and laborious, and in many cases without ensuring a positive
result, it is very important to carry out an early diagnosis of the disease.
It is necessary to establish the appropriate measures early, always before
there is severe metabolic acidosis, renal failure, irreversible neurological
lesions have been established and the animal is not yet in decubitus
(Andrews, 1997; Cal-Pereyra et al., 2012; Rook, 2000). In addition, in
most cases, this disease should be seen more as a herd problem than an
individual problem (Cal-Pereyra et al., 2012). Diagnosis is often based
on history and clinical signs, and confirmation is done by laboratory
analysis, detecting hyperketonemia, usually hypoglycemia, and
approximately 25% of affected ewes will also be hypocalcemic and have
elevated enzymes (AST, GGT, GLDH, etc.) (Macrae, 2020; Vasava et al.,
2016).

All therapeutic trials are aimed at normalizing blood glucose.
Therefore, it is a priority to facilitate the formation of glucose and its use
at the tissue level, as well as promoting the use of ketone bodies until
their normal concentration in blood is restored (Braun et al., 2010;
Cal-Pereyra et al., 2012; Constable et al., 2017; Crilly et al., 2021; Jyothi
et al., 2014; Rook, 2000).

Glucose administration is the basis of therapy in ovine pregnancy
toxemia. Thus, the most common has been to resort to intravenous
isotonic glucose solution, accompanied by oral glycoprecursors such as
glycerol, sodium propionate or propylene glycol (Cal-Pereyra et al.,
2015b; Constable et al., 2017; El-Hamamsy et al., 1990; Sargison, 2007).
Therefore, the exclusive use of parenteral glucose is a palliative rather
than a curative treatment, and in addition, its repeated administration
can cause polypnea, muscle tremors, weakness and collapse, and even
swelling and infection in the inoculation area are frequent (Constable
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et al., 2017).

These glycoprecursors must be administered orally for their metab-
olization in the rumen, although, on the other hand, it has been verified
that the stimulation of the reticular groove allows the oral administra-
tion of glucose solutions that reach the abomasum and therefore can be
used, at least experimentally, in the therapy of ovine toxemia of preg-
nancy. Taking this last appreciation into account, we want to go one step
further in therapy at the field level. Therefore, this research aims to
verify if the joint use of lysine-vasopressin and a commercial solution of
sugar water by mouth can be used in the treatment of ovine pregnancy
toxemia. We intend that the intravenous administration of lysine-
vasopressin induces the closure of the reticular groove in adult sheep,
in negative energy balance, allowing the sugar solution to reach the
abomasum directly, from where it can be immediately absorbed. The use
of commercial sugar, instead of other glucose solutions, could signifi-
cantly facilitate and reduce the cost of therapy for this disease.

2. Material and methods
2.1. Animals and handling. Animal protection regulations

We used 8 healthy Assaf ewes, aged between 4 and 6 years, not
pregnant, not lactating, with a mean weight of 59.1 + 3.5 kg (Mean +
SD), a body condition of 3.5-4.0 according to the Russell scale (Russel,
1985) and without clinical signs of disease. The animals remained sta-
bled in the Experimental Farm of the Faculty of Veterinary Medicine of
the University of Leén.

All experimental procedures were carried out in compliance with the
provisions of the Directive that regulates the use of animals for scientific
purposes in the European Union (European Commission, 2010/63/UE)
(European-Union, 2010) and the Royal Decree that regulates experi-
mentation, teaching and animal protection in Spain (Royal Decree
53/2013) (BOE, 2013), and prior approval of the local Animal Welfare
Committee [Subcomité para la Experimentacion y Bienestar animal
(OEBA- ULE)] and the Direccién General de Producciéon Agropecuaria en
Infraestructuras Agrarias de la Junta de Castilla y Ledn, case number
OEBA-ULE-013-2016.

2.2. Feed and water

Ewes were overfed with concentrate and forage during the last
month, until causing a slight fatness. The ration administered was
composed of concentrate (0.50 kg/day of barley and 0.15 kg/day of
soybean meal, 45%) and with free access to good quality hay (around
1.5 kg/day), which provides a final ration of 2.03 kg, 92% dry matter
(DM), 14.0% crude protein (CP) and 2.65Mcal/kg DM. Subsequently,
they were subjected to a fasting period, which ranged from 3 to 5 days
(72-120 h), to achieve a negative energy balance, verified with the
appearance of ketonuria diagnosed using semiquantitative test strips.
The water supply was maintained at all times, although the bedding
material was removed from the area where the ewes were stabled to
avoid the ingestion of straw or other components. Food fasting was
maintained throughout the experimental protocol. Once the test was
finished, the ewes were fed again as at the beginning.

2.3. Experimental protocol

One group, called Treatment group, consisted of 4 ewes to which
lysine-vasopressin (LVP) ([Lys8]-Vasopressin Sigma, 250 IU/mg) was
applied intravenously (i.v.) at a dose of 0.08 IU/kg B.W. followed by the
immediate administration of a sugary solution, orally. This solution was
obtained by adding 100 g of commercial sugar (Azicar, Azucarera AB
Sugar Company) dissolved in 1000 ml of water, through a probe intro-
duced into the initial section of the esophagus. The sugar used is the one
normally used for human consumption, which is chemically sucrose (C12
Hyz O11), also called common sugar or table sugar, and it is a
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disaccharide made up of glucose + fructose, obtained in our case from
sugar beet (Beta vulgaris L.), with 99.9% sugar purity and 4 kcal per
gram. The treatment was repeated every 12 h for four days (Table 1).

The Control group (ewes n = 4) received a standard treatment based
on 50 ml of 50% commercial glucose serum (Glucose 50%, B. Braun,
glucose 50%, glucose 500 mg/ml, equivalent to 550 mg/ml of anhy-
drous glucose, with energy value 2000 kcal/l), intravenously, every 12
h, similar to the therapy recommended by Andrews (1997, 1982) and
Sargison (2007). This group also received LVP at the previously
mentioned dose to eliminate possible variables attributable to its
application. This therapeutic protocol, as in the previous group, was
repeated every 12 h for four days (Table 1).

2.4. Sampling, storage, and processing of samples

Blood samples were taken from the jugular vein, by venipuncture
with 10 ml syringes and 18 G needles, always before the administration
of each treatment and 15 min after administration. To check the evo-
lution of treatment, once the test was finished, a sample was taken 12 h
after the last application. In the first experimental cycle, the animals
were also sampled at 30 and 60 min, and after 2, 4, 8, and 12 h. This last
sampling coincided with the next administration of LVP, carried out 12 h
after the first application (Table 1, Fig. 1). Urine samples were collected
at the start of the protocol and before each therapeutic trial, following
the transient apnea method (Benech et al., 2015).

The blood samples, except for a fraction for the assessment of non-
esterified fatty acids (NEFA) that must be performed on whole blood,
were centrifuged at 4000 rpm (2200 xg) for 10 min and the plasma was
frozen at — 20 °C until analysis at the Laboratorio de T é cnicas Instru-
mentales (LTI) de la Universidad de Ledn.

2.5. Laboratory analysis

Analyzes were performed using a Cobas Integra 400 autoanalyzer
(Roche Diagnostics, S.L). Glucose, creatinine, urea, calcium, aspartate
aminotransferase (AST), alanine aminotransferase (ALT), y-glutamyl-
transferase (GGT) were analyzed using Roche Diagnostics reagents,
while B-hydroxybutyrate (JOHB) and non-esterified fatty acids in blood
(NEFA) were measured by Ranbut® (D-3-Hydroxybutyrate, Randox
Laboratories Ltd, UK) and NEFA® (Non-Esterified Fatty Acids, Randox
Laboratories Ltd, UK) reagents, respectively.

Urine samples were analyzed in situ using semiquantitative test strips
(Multistix 10 Visual, Bayer, USA) evaluating the pH, glucose, density,
and total ketones.

Table 1
Experimental design. Treatment and sampling times.

Treated group (n = 6) Standard treatment group

(n=4)
Premedication LVP 0.08 Ul/kg PV, i.v. LVP 0.08 UI/kg PV, iv.
(every 12 h, 4
days,
8 applications)
Treatment 100 g of sugar (sacarose) 50% glucose solution, 50
(every 12 h, 4 dissolved in 1 L of water, per ml,
days, 0s iv.

8 applications)
Sampling in 12 h

Sampling in 4
days

0 h, 15 min, 30 min, 1 h, 2 h,
4h,8h,12h (=0h)
0 h, + 15 min;

12 h, + 15 min;

24 h, + 15 min;

36 h, + 15 min;

48 h, + 15 min;

60 h, + 15 min;

72 h, + 15 min;

84 h, + 15 min;

96 h

0 h, 15 min, 30 min, 1 h, 2
h,4h,8h,12h (=0h)
0 h, + 15 min;

12 h, + 15 min;

24 h, + 15 min;

36 h, + 15 min;

48 h, + 15 min;

60 h, + 15 min;

72 h, + 15 min;

84 h, + 15 min;

96 h
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2.6. Data study

Data were analyzed using the statistical software SPSS 20.0 (IBM,
Armonk, NY). We studied both the evolution of samples during the first
12 h and throughout the four days of the experiment. For this, we car-
ried out a descriptive analysis and a repeated-measures ANOVA to
analyse the effects of the treatments over time (intragroup effect),
whereas a Student’s t-test was used for intra-group analysis (between
treatments). Results are expressed as mean+SEM, and P-value was
considered statistically significant when P<0.05.

Data are shown using tables where the data obtained in the
descriptive analysis have been integrated, using letters and/or numbers
to indicate the existence of statistically significant differences. In some
cases, and when the data obtained have advised it, graphs have been
used to better visualize the results.

3. Results

Four ewes, and only the first time they received LVP i.v., were more
restless than normal, with slight tremors and vocalizing for a few mi-
nutes. Also, two of them urinated small amounts of urine several times
and showed flatulence for a few minutes. These signs were not appre-
ciated in the following administration of vasopressin.

After applying glucose i.v. for 15 min a significant increase in blood
glucose was observed (from 2.71 to 20.76 mmol/1), while it only
doubled with the administration of oral sugar (from 2.84 to 5.57 mmol/
D). In both cases the maximum value was reached 15 min after therapy,
to subsequently decrease progressively. At 8 h, higher glycemia values
were observed in animals treated orally than those treated i.v. (3.77 vs.
3.45 mmol/1) and at 12 h post-therapy the values, in both treatments,
were higher than the initial ones (Table 2, Fig. 2). Therefore, treatment
with the sugary solution causes blood glucose to remain longer, without
increasing excessively, and always showing higher values than the
initial ones.

When studying the evolution of glycemia throughout the trial, it
could be seen that the pattern was repeated in the successive applica-
tions of glucose therapy, observing a rapid and marked rise in i.v.
therapy and a moderate rise in oral therapy. In both experimental
groups, glycemia always remained above the initial values until the
moment of the next administration, also observed higher glycemia, from
48 h until the end of the experiment, in those animals treated with the
sugar solution than in animals treated intravenously (Table 3, Fig. 3).

In all the ewes, and from the first sampling, we detected the presence
of ketonuria using test strips, in variable amounts, although, in most of
them, the values were low and medium. Ketonuria was not detected in
any ewes after starting the treatments. When studying the values of
BOHB we found that the evolution is similar in both experimental
groups, with a significant decrease after 15 min, showing minimum
values after one hour and being slightly higher in oral sugar therapy.
Thus, with this treatment, the BOHB in the blood required more time to
decrease, but after 4 h it already presented values similar to the refer-
ence treatment and they were maintained until the end, being even
lower than those found after the administration of i.v. glucose (Table 2,
Fig. 2). In both therapies, the blood concentration of BOHB was always
lower than that found at the beginning of the trial. If we observe the
values of BOHB found throughout the experiment, we find that after all
the applications the values of this ketone always decrease after 15 min,
always remaining at much lower values than the initial ones (Table 3,
Fig. 3).

The NEFAs, at all times, are lower in the oral sugar treatment than in
the glucose solution treatment i.v., their values decrease 15 min after
treatment and always remain below the initial values. We observed that
the evolution of NEFA is similar to that of BOHB, and is contrary to that
of glycemia, decreasing from the beginning and increasing when gly-
cemia decreases (Table 2, Fig. 2). The significant drop in NEFA observed
after the first treatment is repeated after each therapeutic application
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glucose 50%, 50 ml, i.v.

LVP
0.08 Ul/kg d sugar, 100 g/1L, oral %\

\- 087

e i i i
P 15,
3&0: oh *1h 2n 4h 8h 12h
samples

1 dose, 8 samples/dose |

Ll Ll Ll Ll Ll Ll Ll Ll I
frosev ol s l15‘ . 15 I 15 ) 15° ] 15° . 15 l15‘ : 15 I
\\\,0 Oh 12h 24h 36h 48h 60h 72h 84h 96h
samples

8 doses, 22 samples/ewe (96 h)

Fig. 1. Experimental design. Treatment and sampling times.

Table 2
Blood levels of glucose, BOHB, NEFA, and calcium (in mmol/1) in two treatments and in different sampling times, corresponding to 12 h after the administration of the
treatment.

Sampling  Glucose B-OHB NEFA Calcium
LVP + Sugar LVP + Glc i.v. LVP + Sugar LVP + Glc i.v. LVP + Sugar LVP + Glc i.v. LVP + Sugar LVP + Glc i.v.
=4 m=4) m=4) n=4) n=4) =4 =4 m=4)
X +£SD X +£SD X +SD X +SD X +SD X +SD X +SD X +SD

Oh 2.84 a 2.71 a,e 0.79 a, 0.75 a, 0.69 a 0.79 a, 2.46 2.41 a,b
+0.34 +0.25 +0.36 c +0.12 d +0.13 +0.14 c +0.15 +0.11

15 min 5.57 b, 20.76 b, 0.61 0.39 a, 0.54 b,ce  0.61 b, 2.42 * 233 a,b,
+1.09 * +1.93 * +0.22 +0.07 c +0.14 +0.08 c +0.10 +0.19 *

30 min 5.52 b, 16.57 c, * 0.39 0.25 b, 0.40 b,d, 0.50 2.36 2.41
+1.11 +2.45 +0.17 +0.05 c +0.14 e +0.17 +0.12 +0.10

1h 4.88 b, 12.40 d, 0.32 a, 0.24 c, 0.36 cde 0.44 b, 2.34 2.30
+1.11 * + 3.05 * + 0.07 b + 0.09 +0.11 + 0.09 c +0.16 +0.16

2h 4.28 c 7.76 a 0.36 b 0.32 0.45 a,b, 0.43 b 2.35 * 0 2.30 a,c,
+0.43 +3.87 +0.14 +0.11 +0.25 c,d +0.12 +0.15 +0.11 *

4h 3.68 d 4.26 e 0.35 b 0.37 0.36 d 0.46 b, 2.36 * 2.32 a, *
+ 0.31 +1.77 +0.16 +0.11 + 0.15 +0.11 c +0.14 +0.10

8h 3.77 e 3.45 ae  0.50 c 0.51 d 0.37 b,c, 0.66 2.36 2.40 b,c
+0.23 +0.49 +0.12 +0.05 +0.10 de +0.27 +0.19 +0.08

12h 3.29 f 3.53 a,e 0.48 c 0.45 d 0.55 c 0.67 c 2.37 2.51 c
+0.18 +0.28 +0.09 +0.07 +0.25 +0.23 +0.11 +0.12

LVP + Sugar: lysine-vasopressin + oral sugar; LVP + Glc i.v.: lysine-vasopressin + commercial glucose solution i.v. NEFA - non-esterified fatty acids; pOHB -
p-hydroxybutyrate. The values are expressed as mean= standard deviation. Different letters per column indicate statistical differences between sampling times.
Asterisk (*) indicates statistical differences between treatments. Statistical differences: P < 0.05.

and in general the values are lower with oral therapy than with the Urea and creatinine are similar in both groups. We only have to point
application of i.v. glucose solution, except after 84 h (Table 3, Fig. 3). out that with the administration of oral sugar, they increase slightly up

Enzymes do not show significant variation in the first 12 h and are to 30 min and then remain constant, except at 12 h when they decrease
maintained throughout the trial. Both ALT and GGT are higher in the slightly, coinciding with a negative energy balance. In contrast, in ewes
ewes in the sugar-treated group, probably because these ewes already treated with i.v. solution urea and creatinine remain constant, except in
have higher values from the start. It is important to note the increase in the last sampling. When observing the evolution of these parameters in
ALT in ewes with oral therapy as the trial progresses, whereas with i.v. the entire trial, we see that the administration of glucose (both i.v. and
therapy they remain constant. oral) does not cause significant changes.
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glucose

(ae)

(d) (ae) )

(a)

oh 15 min 30 min 1h 2h ah 8h 12h

—e— VP +Gle, iv.

—e— LVP + Sugar, oral

0,80 ()

(e

(a)

(b,c)
(bec,e) (b,c) (ab,c,d) (c)

(d) (be,de)
(c.de)

non-esterified fatty acids (NEFA)

Oh 15 min 30 min 1h 2h 4h 8h 12h

—e— LVP +Glc,iv. —e— LVP + Sugar, oral
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R-hydroxybutyrate (ROHB)

(ac)

oh 15 min 30 min 1h 2h 4h 8h 12h

—e— WP +Gle,iv. —e— LVP + Sugar, oral

()

% (bc)
M " ) /
(@b) re——

(@)

(a,c)

calcium

oh 15 min 30 min 1h 2h 4h 8h 12h

—— LVP +Glc,iv. —— LVP + Sugar, oral

Fig. 2. Evolution of blood glucose, BPOHB, NEFA, and calcium (in mmol/1) at different sampling times, corresponding to 12 h after the administration of treatment.
LVP + Sugar: lysine-vasopressin + oral sugar; LVP + Glc i.v.: lysine-vasopressin + commercial glucose solution i.v. Different letters indicate statistical differences
between sampling times. Asterisk (*) indicates statistical differences between treatments (P < 0.05).

Calcemia, in ewes treated with oral sugar, remains constant
throughout the experience, although after decreasing slightly in the
first-hour post-administration, while i.v. produces some variations in
calcium, with a slight decrease in the first 15 min to increase until the
end of the first treatment, and always with values above the initial value
(Table 2, Fig. 2). Throughout the entire trial, the different treatment
cycles cause a slight decrease in calcium which, although not significant,
is lower when oral sugar therapy has been applied. The final calcemia is
less than that found at the beginning of the experience (Table 3, Fig. 3).

4. Discussion

In previous experiences, adverse reactions such as bleating, more
restless animals, tachypnea, tremors, flatulence, and ewes repeatedly
adopting urination postures had already been described
(Gonzalez-Montana et al., 2014). These effects have been justified by the
applied vasopressin, by acting on vascular and gastrointestinal smooth
muscle, and by alterations in vagal and sympathetic tone (Jackson,
2003). Some similar symptoms were cited in ovine to which NaCl so-
lutions were applied to the carotid artery trying to stimulate the retic-
ular groove, since by producing an increase in plasmatic osmolarity, the
release of endogenous vasopressin was caused (Mikhail et al., 1988).

This behavior of ewes becomes more serious when higher doses of
LVP (Gonzalez-Montana et al., 2014) have been tested, and nausea,
cutaneous vasoconstriction, urgency to defecate, diarrhea, colic, cardiac
complications such as arrhythmias, decreased cardiac output, and
myocardial ischemia have been referred (Jackson, 2003). On the con-
trary, using higher doses several investigators have not reported the
adverse effects that we have found (El-Hamamsy et al., 1990; Mikhail

et al., 1988).

In Russel’s opinion (1985), glycemia, NEFAs and ketones (especially
B-hydroxybutyrate) are the metabolites that must be studied to deter-
mine the energy situation of an animal, and therefore of a herd, since
they are less affected by handling and sampling. However, they have
some limitations such as the low specificity of NEFA and (-HBA, the
diurnal variation of glucose and the cost of measurement (Igbal et al.,
2022). Glycemia, by itself, should not be used as a metabolic indicator
due to the fluctuations it presents (Rook, 2000), being able to find
normal and even hyperglycemia in females with clinical signs of preg-
nancy toxemia (Cal-Pereyra et al., 2012; Crilly et al., 2021; Raoofi et al.,
2013; Sargison, 2007; Vijayanand et al., 2022). According to Sargison
glycemia does not correlate with the severity of clinical signs or prog-
nosis (Sargison, 2007), therefore normoglycemia does not exclude OPT
and often occurs after fetal death, which is why it is associated with a
poorer prognosis (Kabakci et al., 2003; Sargison, 2007; Souto et al.,
2013).

In our case, by causing a fasting situation in the ewes in the trial, we
have verified a significant decrease in glycemia and an increase in NEFA
and BOHB. The initial glycemia recorded in the test ewes ranged be-
tween 2.36 and 3.18 mmol/l, which is slightly lower than that consid-
ered "physiological" for this species (Kaneko et al., 2008; Lacetera et al.,
2001; Sargison, 2007; Silva et al., 2022; Van Saun, 2000), and coincides
with that found in ewes subjected to hypo-feeding. In the opinion of
Cal-Pereyra et al. (2015a) blood glucose levels of 1.59 + 0.24 mmol/1
(28.62 + 4.33 mg/dl), along with B-HBA (2.26 mmol/1) and cortisol
(5.47 mg/ ml), allow the diagnosis of subclinical pregnancy toxemia,
although values between 1.0 mmol/1 and 2.7 mmol/] have been found
in ewes with clinical signs of this disease (Kabakci et al., 2003; Lacetera
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Table 3
Blood levels of glucose, BOHB, NEFA, and calcium (in mmol/]) in two treatments and at different sampling times throughout the trial.

Sampling  Glucose B-OHB NEFA Calcium
LVP + Sugar LVP + Glc i.v. LVP + Sugar LVP + Glci.v.  LVP + Sugar LVP + Glc i.v. LVP -+ Sugar LVP + Glc i.v.
n=4) n=4) n=4) n=4) n=4) n=4) n=4) n=4)
X +SD X +SD X 4+ SD X +SD X +SD X +SD X +SD X +SD

Oh 2.84 a 2.71 a,i 0.79 0.75 0.69 a,c, 0.79 a,c 2.46 2.41 a,b,
+ 0.34 +0.25 +0.36 + 0.12 +0.13 ef +0.14 +0.15 +0.11 d,

+ 15 min 5.57 b, 20.76 b,f, * 0.61 0.39 0.54 b,c, 0.61 2.42 2.33
+2.20 * +2.14 +0.31 +0.13 + 0.10 f +0.14 +0.14 +0.17

12h 3.40 a 3.39 a,c,i 0.42 0.47 0.57 0.68 a,c,d, 2.40 2.48 d,
+ 0.30 + 0.41 +0.23 + 0.02 + 0.30 + 0.24 ef + 0.09 +0.12

+ 15 min 5.75 b, 21.03 b,f, * 0.27 0.31 0.45 b,c, 0.48 b,c,d 2.41 2.38
+ 0.50 * +1.76 +0.14 + 0.09 +0.18 d,f + 0.19 + 0.08 + 0.22

24h 3.18 a 3.68 c,d,i 0.54 0.44 0.53 0.66 a,d,f 2.35 2.54
+ 0.64 + 0.29 +0.12 + 0.15 +0.21 + 0.25 +0.17 +0.12

+ 15 min 5.11 b, 20.49 b,c, * 0.37 0.29 0.47 0.50 c,d,e, 2.43 a 2.37
+ 1.64 * + 2.89 +0.19 +0.16 +0.18 + 0.20 f +0.20 + 0.22

36 h 3.05 a 4.12 d, 0.44 a,c 0.46 0.52 0.61 2.36 2.47
+ 1.49 + 0.48 +0.02 + 0.19 + 0.08 + 0.43 +0.10 +0.12

+ 15 min 3.65 b, 20.67 b,cf, 0.43 0.32 0.43 c,d, 0.45 b,c.e, 2.29 2.42
+ 0.39 * + 1.01 g * +0.10 + 0.08 + 0.10 ef +0.13 f + 0.09 + 0.10

48 h 5.19 a 3.87 d,h, 0.39 0.44 0.47 0.60 b,c, 2.25 2.36 b,c,
+ 0.69 + 0.42 +0.14 +0.11 + 0.06 +0.21 d,e,f +0.14 +0.12 d

+ 15 min 3.98 b, 21.47 ef, * 0.26 a, 0.33 0.44 0.47 b,c, 2.23 2.27
+0.73 * +1.85 +0.09 b +0.11 + 0.07 + 0.14 d,e,f + 0.08 + 0.15

60 h 5.62 a 4.25 a,d, 0.35 0.30 0.47 0.63 d,e,f 2.23 2.46
+ 0.85 + 0.74 + 0.03 +0.11 + 0.05 + 0.15 +0.13 + 0.10

+ 15 min 3.57 b, 22.99 f,g, * 0.27 b,c 0.30 0.44 0.49 a,b,c, 2.14 b 2.26 c,d,
+ 0.01 * + 3.38 +0.01 + 0.06 + 0.07 +0.14 d,e +0.18 +0.11

72h 5.56 a 3.83 a,c,d, 0.46 c, 0.27 * 0.46 0.67 a,c,d, 217 2.35
+ 0.94 + 0.62 i, + 0.08 + 0.05 +0.21 +0.18 ef + 0.15 +0.13

+ 15 min 4.56 b, 22.44 g * 0.33 0.20 0.38 d,f 0.46 2.22 2.26
+0.72 * +1.85 +0.08 + 0.08 +0.11 + 0.09 +0.43 +0.12

84h 7.26 a 3.65 a,h, 0.34 0.39 0.54 ef 0.42 ef 2.12 2.37 a,b,
+ 0.92 + 0.29 +0.19 +0.11 +0.13 + 0.18 + 0.22 + 0.14 c

+ 15 min 5.15 b, 19.87 b,cf, 0.26 0.28 0.42 0.43 f 2.17 2.30 c,d
+ 0.92 * +0.33 g * + 0.07 + 0.15 + 0.05 +0.13 +0.26 +0.11

96 h 3.10 c, 3.24 Lj, * 0.33 0.30 0.38 f 0.49 a,b,c, 2.11 2.22 d,
+ 0.26 * + 0.26 +0.07 +0.15 + 0.07 +0.17 d,f +0.25 +0.14

LVP + Sugar: lysine-vasopressin + oral sugar; LVP + Glc i.v.: lysine-vasopressin + commercial glucose solution i.v. NEFA - non-esterified fatty acids; pOHB -
p-hydroxybutyrate. The values are expressed as mean+standard deviation. Different letters per column indicate statistical differences between sampling times. Asterisk
(*) indicates statistical differences between treatments. Statistical differences: P < 0.05.

et al., 2001). Sargison reports that plasma glucose concentrations for
confirmed cases of ovine gestational toxemia range from 0.5 to
7.0 mmol/l (Sargison, 2007). Therefore, we could say that our ewes,
since they do not show obvious symptoms, are in subclinical toxemia.
All ewes in the experiment had been subjected to a slight overfeeding
in the weeks prior to the test, followed by a fast of 72-120 h to experi-
mentally induce a "pregnancy toxemia" (Cal et al., 2009; Cal-Pereyra
et al., 2015a), which justifies that these animals had blood glucose in
the lower part of the reference values, and also with variable amounts of
ketones in urine, detected by test strips. The increased energy require-
ment in ewes, as a result of increased fetal demands, together with
restricted intake, either due to fasting or resulting from the uterine
expansion in ewes with multiple fetuses, contribute to a negative energy
balance during this period, which usually manifests in a drop in blood
glucose (Aly and Elshahawy, 2016; Cal-Pereyra et al., 2012; Raoofi
et al., 2013; Ratanapob et al., 2018; Vasava et al., 2016). Prolonged
hypoglycemia also leads to hyperactivity of the adrenal glands,
increasing cortisol secretion. The higher cortisol level is due not only to
hypoglycemia but also to reduced liver metabolism, as well as contin-
uous stress levels, circumstances present in the ewes in our experiment
(Aly and Elshahawy, 2016). Igbal (2022) recommends measuring fruc-
tosamine, which is the product of a non-enzymatic and irreversible re-
action between glucose and protein, whose concentration depends on
the average blood glucose concentration during the previous two weeks
and on the half-life of proteins in the blood. Therefore, fructosamine can
be used as a potential indicator to diagnose pregnancy toxemia, even
when p-HBA levels are still within reference values (Igbal et al., 2022).
Monitoring the energy status of pregnant ewes by measuring the

serum concentration of NEFA and f-HBA is an alternative and useful
technique (Igbal et al., 2022). The revised bibliography indicates that
samplings in fasting ewes, as well as in toxemic ewes, show an increase
in both BOHB (Igbal et al., 2022; Lacetera et al., 2001; Russel, 1985;
Silva et al., 2022) and NEFA (Aly and Elshahawy, 2016; Igbal et al.,
2022; Lacetera et al., 2001; Silva et al., 2022). This increase in ketone
bodies is caused by fasting (with a reduction of oxalacetate) which,
together with the increase in glucagon and epinephrine secretion, will
stimulate lipolysis and glycogenesis, causing high lipomobilization
(Sargison, 2007; Silva et al., 2022; Vasava et al., 2016). This hyper-
ketonemia is aggravated by the lower utilization of ketones in peripheral
tissues, since they cannot be burned or eliminated (Cal-Pereyra et al.,
2015b; Riis, 1983). However, this author, Riis (1983), states that they
will be used when the plasma concentration of p-hydroxybutyrate is
above 2 mmol/l.

The BOHB values measured range between 0.34 and 1.15 mmol/] in
fasting ewes, and several show values above 0.70 mmol/l, while the
NEFA range between 0.45 and 1. 0.0 mmol/l and with several ewes
above 0.60 mmol/l. POHB values are slightly higher than the reference
values (Kaneko et al., 2008; Lacetera et al., 2001; Silva et al., 2022),
similar to those considered “normal” and which in healthy animals
should be less than 0.8 mmol/l (Andrews, 1997; Mohammadi et al.,
2016; Olfati et al., 2013) or of 1 mmol/1 (Macrae, 2017; Russel, 1985),
while B-HB concentrations of 0.8-1.6 mmol/] could suggest moderate
malnutrition (Andrews, 1997; Olfati et al., 2013). pOHB concentrations
above 1.6 mmol/1 in individual ewes represent severe energy malnu-
trition, with gestational toxemia likely to develop as pregnancy pro-
gresses and fetal energy requirements increase, unless changes are
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Fig. 3. Evolution of blood glucose, BOHB, NEFA, and calcium (in mmol/l) in two treatments and at different sampling times throughout the trial. LVP + Sugar:

lysine-vasopressin + oral sugar; LVP + Glc i.v.: lysine-vasopressin + commercial glucose solution i.v. Different letters indicates statistical differences between
sampling times. Asterisk (*) indicates statistical differences between treatments (P < 0.05).

implemented in feed (Macrae, 2017). Malnutrition in pregnant mothers
produces ketone bodies, which reduce ruminal motility, causing reduced
intake and altering rumen contractions that further deteriorate body
condition (Khan et al., 2021). Hyperketonemia worsens hypoglycemia
by inhibiting hepatic glucose production, glucose uptake and utilization
by peripheral tissues, worsening negative energy balance, and
increasing lipolysis (Harmeyer and Schlumbohm, 2006; Igbal et al.,
2022). Therefore, the reduction of food consumption by ewes during the
end of gestation, or in our case by fasting, is not only capable of inducing
the accumulation of fat in the liver but also an increase in liver fibrosis in
ewes, causing a significant alteration of liver architecture and therefore
liver dysfunction (Yang et al., 2019). Also, the concentration of BOHB
increases with the size of the litter. The concentration of this ketone
body in ewes with twins was significantly higher than those in ewes with
only one child by 19.2%, while ewes-bearing triplets and ewes-bearing
quadruplets or quintuplets showed BOHB values by 30.4% and 85.2%
higher compared to pregnant uniparous ewes, respectively (Ratanapob
et al., 2018).
In pregnancy toxemia of goats, blood B-OHB values above 1.6 mmol/
1 have been found (Vijayanand et al., 2022), while with values of
3.0 mmol/l, they could suffer severe toxemia during pregnancy both
goats (Khan et al., 2021) as ewes (Macrae, 2017; Sargison, 2007),
although commonly they exceed 5.0 mmol/1 (90.09 mg/dl) (Andrews,
1997; Kabakci et al., 2003; Kasimanickam, 2016; Lima et al., 2016;
Ratanapob et al., 2018; Santos et al., 2011; Sargison, 2007), and even up
to 19.0 mmol/1 (Amirul et al., 2016). Cal-Pereyra et al. (2015a) estab-
lished a value of 2.26 + 1.03 mmol/] as the threshold for diagnosing
subclinical pregnancy toxemia, although serum concentrations higher

than 3 mmol/]l have been associated with a poor prognosis in ewes
(Simoes et al., 2020). Ewes affected by hyperketonemia have also been
cited as having a shorter gestation and being at increased risk of dystocia
(50% vs 8.3%) and metritis (25% vs 0%) compared to unaffected ewes
(Crilly et al., 2021).

Ketonuria, detected in some ewes, appears when the blood concen-
tration of f-hydroxybutyrate reaches 0.6-0.7 mmol/1 (Rook, 2000), and
even this ketonuria can be detected before ketonemia, being very useful
in the early diagnosis of pregnancy toxemia, and especially in subclinical
disease (Maine, 2000; Rook, 2000). Under field conditions, Vijayanand
et al. (2022) recommend using the presence of ketone bodies in urine
and a blood B-hydroxybutyrate concentration above 0.8 mmol/1 for the

diagnosis of toxemic goats.

NEFA concentration reflects the magnitude of fat mobilization from
reserve stores in response to negative energy balance (Aly and Elsha-
hawy, 2016; Mohammadi et al., 2016) and during the peripartum period
should be < 0.45 mmol/]l (Aly and Elshahawy, 2016; Kaneko et al.,
2008; Mohammadi et al., 2016). Both BOHB as NEFA concentrations in
ewes with reduced energy intake (Yang et al., 2019) or in ewes affected
by gestational toxemia are higher than those in the control group (Igbal
et al., 2022), with blood NEFA values that can triple those of the control

group (415.75 vs. 1236.8 and 1186.5 umol/1) (Yang et al., 2019). Ac-
cording to Igbal, the cut-off point of NEFA is 0.390 mmol/l and
0.657 mmol/], for subclinical PT and clinical PT respectively (Igbal
et al., 2022), and also when the sheep exceed these concentrations they
have a probability of 4.66 and 5.14 times greater risk of developing

subclinical and clinical disease, respectively, than control ewes (Igbal
et al., 2022).
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Despite being glucose the primary metabolic fuel and being required
for the normal function of crucial organs, when an animal is unable to
consume enough food to meet its maintenance requirements it enters a
prolonged hypoglycemic state causing utilization of its body fat and
protein stores, resulting in increased plasma levels of NEFA and urea due
to fat and protein catabolism (Aly and Elshahawy, 2016; Igbal et al.,
2022). Therefore, the increase in NEFA could be attributed to hypo-
glycemia, which results in an excessive mobilization of adipose tissue,
and therefore an elevated concentration of blood NEFA (Igbal et al.,
2022). De Sousa et al. reported that during late gestation peripheral
tissue becomes less sensitive to insulin (de Souza et al., 2019), resulting
in decreased glucose uptake and increased lipolysis (Igbal et al., 2022).

A large amount of NEFA reaches the liver where it is oxidized to
carbon dioxide and water. However, when a large amount of NEFA is
produced, they undergo incomplete oxidation to ketone bodies (Igbal
et al., 2022; Yang et al., 2019).

The increased concentration of 3-HBA is the result of a compensatory
mechanism for energy deficiency and inhibition of the Krebs cycle
(Kaneko et al., 2008). During energy deficiency, gluconeogenesis is
highly active in the liver and much of the mitochondrial oxaloacetate is
consumed in the process, making it unavailable for citrate formation
from its binding to acetyl-CoA. As a result, large amounts of acetyl-CoA
become available for ketogenesis, leading to hyperketonemia (Aly and
Elshahawy, 2016; Igbal et al., 2022; Kaneko et al., 2008).

The analyzed enzymes showed values similar to those cited in the
bibliography at all times (Kaneko et al., 2008; Ortolani and Benesi,
1989; Sargison, 2007) and hardly show variations throughout the
experience, indicating that there is no destruction of liver or muscle
cells. Traditionally, an increase in the enzymes indicative of liver failure
(AST, ALT, and GGT) is cited in ewes affected by pregnancy toxemia (Aly
and Elshahawy, 2016; de Souza et al., 2020, 2019; Jyothi et al., 2014;
Khan et al., 2021; Ortolani and Benesi, 1989; Silva et al., 2022; Yarim
and Ciftci, 2009). However, Scholz did not find variations in AST, GGT,
or GLDH when administering LVP, glucose solutions, and sodium pro-
pionate in cows affected by primary ketosis (Scholz, 1988).

Increased AST, ALT, GGT, and LDH activity in toxemic pregnant
ewes is mainly due to damage to liver cells caused by hepatic lipidosis,
leading to increased membrane permeability and release of cellular
enzymes into the blood (de Souza et al., 2020, 2019). GGT is a more
specific and sensitive indicator of liver damage than AST, which makes it
a good diagnostic marker. Thus, the observed increase in GGT activity in
ewes with gestational toxemia indicates liver dysfunction due to fatty
infiltration, also evidenced by elevated levels of AST, NEFA, and p -HBA
(de Souza et al., 2020, 2019; Igbal et al., 2022; Kabakci et al., 2003;
Khan et al., 2021; Vasava et al., 2016).

Low calcium levels have been found in ketotic animals (Affan et al.,
2022; Aly and Elshahawy, 2016; Rook, 2000), to the point that
approximately 20% of ewes with toxemia also suffer from hypocalcemia
(Crilly et al., 2021; Rook, 2000; Sargison, 2007), although its signifi-
cance is unclear (Roubies et al., 2003). Hypocalcemia and hypokalemia,
which are often associated with gestational toxemia, can be attributed to
anorexia and metabolic acidosis, respectively (Aly and Elshahawy,
2016; Rook, 2000; Van Saun, 2000).

It has been pointed out that hypocalcemia can also be induced by
increased lipolysis (Aly and Elshahawy, 2016; Rook, 2000), by high
circulating cortisol levels (Aly and Elshahawy, 2016), associated with
poor hydroxylation of vitamin D in ewes with severe liver fatty damage
(Aly and Elshahawy, 2016; Sargison, 2007) or even with the great need
for calcium for the development of the fetal skeleton (Vasava et al.,
2016). In our opinion, the slight decrease in calcium, observed imme-
diately after the application of the therapy, could also be caused by the
consumption of calcium at the muscular level, due to the stress caused
by restraining and immobilizing the animal, and even by the effect of the
LVP on the smooth muscle fiber. The decrease in calcium is more evident
in animals treated with i.v. glucose but has got a quick recovery. How-
ever, it persists for at least 30 min post-administration in ewes treated
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with oral sugar. According to Schlumbohm and Harmeyer (2003), if
hyperketonemia and hypocalcemia occur in the last trimester of preg-
nancy in ewes, the appearance of gestational toxemia is facilitated.
Hypocalcemia does not promote pregnancy toxemia per se but facilitates
its development when combined with hyperketonemia. For this reason,
some authors recommend including calcium solutions in treatment
protocols given the similarity of the clinical signs of gestational toxemia
and hypocalcemia (Crilly et al., 2021; Sargison, 2007).

The evolution of metabolic indicators, and especially glycemia, in
this trial in which a solution with sugar dissolved in water is adminis-
tered per os with prior stimulation of the reticular groove by LVP, is
practically similar to that observed in a previous experience (Marti-
n-Alonso et al., 2019). In it, an oral glucose solution was administered
with a significant elevation from 15 min post-application, remaining at
high levels for at least 2 h and with values clearly higher than the initial
ones until the sampling carried out 8 h post-treatment. If we take into
account that the therapy is repeated every 12 h, we can affirm that
glycemia, at all times, presents acceptable values, which, without any
doubt, must be attributed to the closure of the reticular groove (Marti-
n-Alonso et al, 2019). Stimulation of the reticular groove, as
lysine-vasopressin acts on its musculature, allows the sugar solution to
pass through the rumen, reaching directly to the abomasum, where, as
described when other glucose solutions are administered orally, the
sugar can be rapidly absorbed (El-Hamamsy et al., 1990;
Gonzalez-Montana et al., 2014; McAllan and Lewis, 1985; Scholz, 1995).

The administration of LVP, by itself, is already capable of causing a
slight increase in blood glucose, attributed to the release of ACTH and its
glycogenolytic effect (Jackson, 2003; Mikhail et al., 1988; van
Weeren-Keverling Buisman et al., 1990), as well as due to the stress
produced when handling sheep (van Weeren-Keverling Buisman et al.,
1990). According to the experiences of Mikhail et al. (1988), who
administer glucose solutions orally to goats, the administration of the
sugary solution orally is not enough to stimulate the closure of the
esophageal groove. However, it is similar to the significant increase in
blood glucose observed after the abomasal administration of an oral
glucose solution after stimulation of the reticular groove with either
1.5 ml of a saturated NaCl solution, or with 10.5 ml of a 1.5% NaCl
solution or with 0.5 IU/kg B.W. vasopressin (Mikhail et al., 1988).
Therefore, the significant increase in blood glucose can only be
accounted for by the closure of the reticular groove caused by LVP and
the passage of the sugar solution directly into the abomasum.

In lambs or calves when oral rehydration solutions are administered
the reticular groove closes, so these solutions reach the abomasum
directly, producing their active absorption in the small intestine, causing
arapid co-transport of water, glucose, and sodium. The rationale for oral
glucose-electrolyte therapy in ovine pregnancy toxemia is based on this
potential for rapid co-transport of glucose from the intestine (Sargison,
2007). However, when concentrated oral rehydration solutions are
administered to adult ewes, they are deposited mainly in the
rumen-reticulum, where glucose is rapidly metabolized by the micro-
flora. Therefore, it is doubtful that significant amounts of glucose will be
rapidly absorbed after treatment with concentrated oral rehydration
solutions (Sargison, 2007).

Annison was able to slightly increase glycemia (up to 5 mg/dl) in
some treated animals after administering glucose orally (0.5 g/kg in
50 ml of water), which could be attributed to a slight absorption from
the rumen (Annison, 1960). Though, Mc Allan and Lewis found that 80%
or even more glucose will be rapidly absorbed if it reaches the
abomasum (McAllan and Lewis, 1985). Mikhail et al. (1988) confirmed
that rapid glucose absorption from the abomasum produces an increase
in blood glucose 30 min after treatment, and that is capable of main-
taining high levels up to 4 h later, to return to initial levels after 8 h. The
evolution that we have verified is similar, since although we did not
administer glucose, but commercial sugar, we observed a marked
elevation of glycemia in all the ewes, appreciable already at 15 min and
which remains at acceptable values, even when the ewes are in fasting,
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during the 12 h of each experimental cycle.

Glycemia is even higher than that observed in the ewes of the control
group, treated with i.v. glucose, where the extremely high initial gly-
cemia drops to values lower than those of the problem group (treated
with sugar solutions) 8 h after therapy. El-Hamamsy et al. (1990) in
ewes with experimental toxemia obtained increases in blood glucose
from the first treatment when administering LVP to the ewes at doses of
i.v. 1.0 IU/kg B.W. and 50 g of glucose orally, twice a day for three days,
remaining at significant levels even after the end of the therapy and the
ewes recovering before parturition.

In the control group, standard therapy, with i.v. glucose solution, has
been carried out taking into account the recommendations of multiple
researchers (Constable et al., 2017; Simoes et al., 2020; Van Saun,
2000), although some advocate the use of hypertonic solutions (between
40% and 50%) (Andrews, 1997, 1982; Sargison, 2007; Simoes et al.,
2020).

These solutions cause a very important rise of glycemia, producing
transient hyperglycemia, which drops rapidly due to its urinary elimi-
nation (Prasad and Kaul, 1981) and according to Fox, glucose excreted
in the urine can be up to 80% of the i.v. glucose administered (Fox,
1971)=

For this reason, the application of gluco-precursors is recommended
to maintain glycemia at stable values. Thus, treatment with i.v. glucose
has been recommended. (100 ml at 25%, in the morning) and 100 ml of
oral glycerol in the afternoon, finding a non-significant increase in
plasma glucose, which subsequently decreased to hypoglycemic values,
similar to baseline on the last day of treatment (El-Hamamsy et al.,
1990). Andrews also recommends applying propylene glycol, after i.v.
glucose, to maintain blood glucose and take into account its renal
excretion (Andrews, 1982).

In addition, intravenous glucose treatment should be associated with
parenteral administration of insulin (Simoes et al., 2020) or 10%
dexamethasone (Kabakci et al., 2003), since both insulin and cortico-
steroids are associated with the metabolism of body fat so that a low
insulin level reduces the use of glucose in the body, but accelerates
lipolysis and increases hepatic ketogenesis (Affan et al., 2022; Igbal
et al., 2022). In Sousa et al. opinion during late gestation peripheral
tissue becomes less sensitive to insulin, resulting in decreased glucose
uptake and increased lipolysis (de Souza et al., 2020). Therefore, these
substances promote the rapid utilization of glucose, being very effective
in advanced processes of the disease and/or to stimulate
gluconeogenesis.

Levels of total ketones, and therefore of fOHB, vary inversely pro-
portional to blood glucose, except if the hyperketonemia is severe
(Kaneko et al., 2008), which is why we have verified that the increase in
blood glucose, in both experimental groups, causes a much less marked
decrease in fOHB and also in NEFA. This behavior also coincides with
that described by El-Hamamsy et al. (1990), with a significant decrease
(from 0.652 to 0.292 mmol/l) of ketone bodies 24 h after the first
treatment combining LVP and oral glucose in toxemic ewes. We have
verified this decrease already 15 min after therapy, with values below
those shown by the ewes after fasting and that remained lower at least
24 h after the last dose of oral sugar. In contrast, El-Hamamsy et al.
found no decrease in ketonemia in ewes affected by toxemia when
treating them with glucose serum (i.v.), combined with glycerol orally
(El-Hamamsy et al., 1990).

In the experimental protocol, we have chosen to use a probe intro-
duced in the initial section of the esophagus to prevent receptors located
in the mouth and pharynx from being stimulated by the tested solutions
(van Weeren-Keverling Buisman et al., 1990). In clinical practice, and to
facilitate the application of the sugary solution, it could be administered
through a bottle applied directly to the ovine’s mouth, and in our
opinion, the results would be similar.
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5. Conclusions

Stimulation of the reticular groove allows the oral administration of
glucose solutions that can be used in the therapy of pregnancy toxemia.
The combination of intravenous lysine-vasopressin (0.08 IU/kg B.W.)
with subsequent oral administration of sugar (100 g) dissolved in one
liter of water causes an increase in blood glucose that remains within
acceptable values for 12 h, at which time a new application of the
treatment is required. This is due to the stimulation of the reticular
groove, which allows the sugar to reach the abomasum, where it can be
absorbed immediately. The use of commercial sugar, substituting other
glucose solutions, makes it possible to significantly reduce the cost of
therapy for this disease and could be considered in new therapeutic
protocols related to ovine pregnancy toxemia.
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