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Abstract: Hypoglycemia is a decrease in the concentration of
glucose in the blood, which can lead to the death of neonatal
piglets. In this experimental work, we focused on the evaluation of
the techniques, advantages, disadvantages and possible
complications of intravenous (i.v.), intraperitoneal (i.p.) and
subcutaneous (s.c.) administration of 5% glucose in baby piglets.
Infusion therapy was evaluated by examining the application site
and comparing changes in blood glucose concentration before

administration and subsequently in four fifteen-minute intervals
after infusion therapy. By comparing the dynamics of the
investigated administrations, we found the highest concentration of
glucose in the blood after i.v. administration in 15 minutes — an
increase of 36.04%. After s.c. administration, the highest
concentration was reached after 30 minutes — an increase of
21.86%. After i.p. administration, we reached the highest average
concentration after 45 minutes — an increase of 10.0%.
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I.  INTRODUCTION

In pigs, hypoglycemia and dehydration can often occur in the first days of life due to insufficient or limited
colostrum and milk intake, low glycogen stores after birth, or enteric infectious pathogens [1]. Hypoglycemia is
the term used to describe low blood glucose levels. It usually occurs in the first 12 — 24 hours after the piglets
are born. Regarding pathogenesis, during the first days of life, the newborn piglet is unable to mobilize low
glycogen stores from the liver to ensure adequate blood glucose levels. It is therefore energetically dependent on
the regular intake of lactose from colostrum and sows' milk. If the piglet cannot obtain enough lactose to
maintain energy expenditure, it runs out of energy, its body temperature drops, and it eventually falls into a
coma and dies [1,2].

Hypoglycemia can also occur due to hypothermia if the ambient temperature in the piglet's bedding area is
lower than 30 °C, especially during the first week of life [2,3]. The clinical manifestation of hypoglycemia
includes symptoms such as recumbent position, shivering, hypothermia, peddling movements of the limbs, foam
around the oral cavity, convulsions, enophthalmos (due to dehydration), and, if the necessary therapy is not
provided, coma and death of piglets [4].

The aim of this experimental work was to analyse the metabolic processing of glucose in suckling piglets
after intravenous, intraperitoneal and subcutaneous application of 5% glucose solution. Also assess the
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technique, advantages, disadvantages and possible complications of the investigated therapies and compare
them with each other.

1. Materials and Methods

Animals

We included 20 piglets (Pietrain, Duroc and Landrace crossbreed) at the age of 2 weeks and an average
weight of 4.2 kg in the experiment. The piglets were born at the Pig Clinic of the University of Veterinary
Medicine and Pharmacy in Kosice, where the entire experiment took place. From the first minutes after birth,
the piglets were provided with suitable standard conditions, both in terms of housing (separate litter with a
temperature of 35 °C) and nutrition (adequate intake of colostrum and later milk). We handled the animals in
accordance with the legislative requirements for animal welfare.

Experimental design

In the experiment, we compared intravenous, intraperitoneal and subcutaneous application of a constant
volume (20 ml) of 5% glucose solution. On the beginning, we took blood from the eye sinus (sinus
ophthalmicus) for the purpose of initial determination of glucose (0 collection). Subsequently, we divided the
piglets proportionally into 4 groups and administered a glucose solution at different application sites.
Intravenous application: we administered the solution into the sinusophthalmicus. We fixed the piglets in the
supine position. The application technique was implemented on the basis of a standard procedure [5], namely
under the third eyelid with a ventro-medial direction of a 16 G needle and slow administration of the solution.
Intraperitoneal application: piglets were fixed by the pelvic limbs, head down. The entire volume of the
preparation was administered to one place. A 20 G needle was inserted at an acute angle to the surface of the
abdominal wall, in the regiohypogastrica, paramedially, about a finger's width from the midline, between the
last pair of mammary nipples.
Subcutaneous application: we injected 5 ml of glucose 4 times into the skin fold behind the elbow joints of the
thoracic limbs and in front of the knee joints of the pelvic limbs (needle 18 G) to piglets that were fixed in a
head-down position.

After individual administrations, we took blood from the sinus ophthalmicus in four equal time intervals to
determine the dynamics of glucose changes, after the 15th (1st collection), 30th (2nd collection), 45th (3rd
collection) and the 60th minute (4th collection).

Laboratory analysis
Glucose concentration was detected on a Fujifilm Dri-Chem NX600V IC. This analyzer works on the basis
of dry chemistry and the time required to measure glucose in a blood sample is approximately 6 minutes.

Statistical processing of results

The significance (P) of differences in the means of corresponding variables were evaluated by One-way
analysis of variance and by Tukey's Multiple Comparison Test. We used GraphPad Prism 9 for the statistical
process.

1. Results

Average blood glucose values varied dynamically depending on the site of application of the glucose
infusion solution. We recorded the highest level of 9.06 mmol/I after 15 minutes of intravenous application with
an increase of 36.04% (see figure and table). Subcutaneous application resulted in the highest mean glucose
concentration of 8.14 mmol/l after 30 minutes with an increase of 21.86%. Intraperitoneal application reached
its highest level of 6.82 mmol/l after 45 minutes with an increase of 10.0%. Statistical analysis did not show any
significant changes in glucose concentration.
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Figure 1 Comparison of different methods of application of 5% glucose(mmaol/l)
Table 1 Evaluation of different methods of application of 5% glucose (mmol/l)
iv. i.p. s.C control
0 sampling 6.66 6.20 6.68 6.10
15th minute 9.06 5.95 7.40 6.10
30th minute 7.92 6.52 8.14 6.00
45th minute 7.42 6.82 7.82 6.05
60th minute 6.54 6.74 7.92 5.85

IV.  Discussion

Due to limited reserves of body fat and lack of brown adipose tissue, newborn piglets have inadequate
thermoregulation, therefore they are prone to hypothermia especially in the first week of life [6]. In addition to
the predisposition to postnatal hypothermia, piglets are also born with imperfect gluconeogenesis [4]. For this
reason, in the first hours after birth, they may not be physiologically able to maintain the glucose concentration
at the level of normoglycemia (4.7 — 8.35 mmol/l) [7]. During this period, they are dependent on glycogen
reserves and the intake of colostrum or milk. Colostrum is therefore a vital source of energy. If piglets do not
receive it, the concentration of glucose in the blood drops to hypoglycemic levels (glycemia <2.2 mmol/l)
within 24 — 36 h [4]. Piglets are born with glycogen reserves sufficient only for the first 16 h after birth [8].
Hypoglycemic piglets are lethargic, weak, and in severe cases, coma or death occurs [4]. Weak, hypoglycemic
piglets also have a higher risk of mortality due to trauma after maternal crushing or overlying [9].

In our experimental work, we point out the advantages and disadvantages of three possible ways of
hypoglycemia treatment in piglets. According to our results, intravenous application has proven to be the fastest
and most effective way to raise blood glucose. We recommend its use when dealing with comatose states of
baby pigs. However, the disadvantage is mastering the technique of application to the eye sinus. There is a risk
of damage and inflammation of the conjunctiva and eyelid. In case of incorrect intravenous administration,
accidental, unwanted application outside the vein (venous sinus), so-called extravasation [10]. In terms of
disadvantages in newborn piglets, the insufficiently ossified bony structures of the orbit and the risk of piercing
them must also be taken into account [4].

Fixation of animals is very important for intraperitoneal application. In our case, we fixed the piglets upside
down in order to avoid injury to the internal organs (effect of gravity). The needle insertion angle is also
important, it must be sharp. After penetrating the skin, subcutaneous tissue, muscles and peritoneum, aspiration
is very important in order to exclude puncture of abdominal organs such as intestines, urinary bladder, etc. The
advantage of this administration is the relatively quick application of a larger volume of the drug. The
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disadvantage is the risk of damage to internal organs and the formation of adhesions, which can complicate the
reproduction of sows in the later period. For this reason, we do not recommend this method of application to
animals intended for breeding [10].

For the subcutaneous method of application, we used the same method of fixation of piglets as for i.p.
application, which allows easy administration of the drug into the skin fold behind the elbow joints and/or in
front of the knee joints. A great advantage of subcutaneous application is high bioavailability and rapid onset of
effect [11]. In general, it is often used in cases where continuous treatment and low-dose therapy are preferred.
There is a lower proportion of blood vessels in the subcutaneous tissue, and therefore drugs administered in this
way are released into the bloodstream slowly but continuously [12]. Potential local adverse reactions following
subcutaneous application include edema, erythema, pain, and ecchymosis. Local edema usually subsides within
a few hours [13]. The disadvantage is also the necessity of applications to several places, to which piglets react
sensitively. From this point of view, the recommended maximum injection volume per application site should be
taken into account. Literature sources generally agree that in humans the maximum volume that can be applied
per site is approximately 1.5 mL [14]. In pigs, a maximum of 1 to 2 ml can be applied to one place for the
smallest categories and 3 ml for adult pigs [1]. In our experiment, we applied 5 ml of glucose to one place
without any problems in piglets weighing an average of 4.2 kg. For this method of application, we recommend
using 18G thick needles, as using thinner needles increases the application time. When using thicker needles, the
drug will flow out of the injection site. Subcutaneous application can be used alone or in combination with other
methods of rehydration therapy in pigs.

In case of hypoglycemia, there is also the possibility of oral administration of glucose by adding it to milk.
However, not very vital and lethargic piglets at an early age very often do not accept or, due to the
disappearance of the sucking reflex, cannot accept milk from a bottle. In some cases, the piglets take a long time
to get used to the bottle and it is often necessary to respond immediately to hypoglycemia. Therefore, one of the
options is feeding colostrum or milk through a tube directly into the stomach [15].

However, in the treatment of hypoglycemia in piglets, it is necessary to remember that it requires repeated
application of glucose and ensuring the optimal temperature of the piglets' bedding in the range of 30 — 35 °C.

V. Conclusion

The application of a 5% glucose solution intravenously through the eye sinus is the most effective and fastest
way to increase the blood glucose concentration of piglets. We recommend its use in dealing with severe,
comatose states of hypoglycemia. Subcutaneous administration is a relatively safe form of administration of
solutions. In practical conditions, we can combine it with other methods of therapy. The intraperitoneal route of
drug administration is the least effective in terms of rapid replenishment of glucose in the blood serum, but it
can be used when larger volumes of drugs are applied.

VI.  Acknowledgements
This work was supported by the Slovak Research and Development Agency under the Contract no. APVV-
22-0457 and VEGA no. 1-0162-23.

References

[1] R. Drolet,M. Morin,M. Fontaine,Hypoglycemia: a factor associated with low survival rate of neonatal
piglets infected with transmissible gastroenteritis virus. Can J Comp Med, 48(3), 1984, 282-5.

[2] S.A. Edwards, Perinatal mortality in the pig: environmental or physiological solutions?,Livest Prod Scie,
78 (1), 2002, 3 - 12.

[3] R. Muns, M. Nuntapaitoon,P. Tummaruk,Non-infectious causes of pre-weaning mortality in piglets.
LivestSci, 184, 2016, 46-57.

[4] J. Kaneko, Carbohydrate metabolism and its diseases, In: Kaneko JJ, JW H, ML B, editors. Clinical
biochemistry of domestic animals. 6th ed. Amsterdam: Academic Press; 2008, pp. 45 — 80.

PAGE 62

«
«



International Journal of Veterinary Science and Agriculture Research
Volume 5 Issue 6, November-December 2023
ISSN: 2582-4112, Available at www.ijvsar.com

[5]
[6]
[7]
8]

[9]

[10]

[11]
[12]
[13]
[14]

[15]

[16]

J. Novotny,R. Link, V. Macak, Practical exercises from pig diseases - I.; rec. FrantiSek Zigo,
VladimirHisira. - 1. vyd. - Kogice : UVLF v Kosiciach, 2020. - 140 p. ISBN978-80-8077-661-9.

P. Trayhurn, N.J.Temple, J.V.Aerde, Evidence from immunoblotting studies on uncoupling protein that
brown adipose tissue is not present in the domestic pig. Can J PhysiolPharmacol, 67(12), 1989,1480-5.
L. Vrzgula, J. Sokol,Metabolic profile test values in domestic animals and their interpretation. Institute
of education and training of veterinarians in Kosice, 1990, pp. 30 — 33.

P.K. Theil, G. Cordero, P. Henckel, L. Puggaard, N. Okshjerg, M.T. Sgrensen, Effects of gestation and
transition diets, piglet birth weight, and fasting time on depletion of glycogen pools in liver and muscles
of newborn piglets. J Anim Sci. Asian Journal of Agriculture and Food Science, 89(6), 2011, 1805-16.
T. Staarvik,T. Framstad, M. Heggelund, Blood-glucose levels in newborn piglets and the associations
between blood-glucose levels, intrauterine growth restriction and pre-weaning mortality. Porc Health
Manag, 5, 2019, 22.

M. Cizmarikova, P. Takag, Pharmaceutical forms and application routes of drug administration with a
focus on their importance in human medicine, University of Pavel JozefSafarik in Kogice, SafarikPress,
Kosice, 2019, ISBN 978-80-8152-753-1

I. Usach, R. Martinez, Festini,J.E. Peris, Subcutaneous Injection of Drugs: Literature Review of Factors
Influencing Pain Sensation at the Injection Site. AdvTher. 36(11), 2019, 2986-2996.

H. Kim, H. Park, S.J. Lee, Effective method for drug injection into subcutaneous tissue.Sci. Rep. 7,
2017, 9613. Available at: https://doi.org/10.1038/s41598-017-10110-w.

N. Caccialanza,T. Constans, P. Cotogni, G.P. Zaloga, A. Pontes-Arruda,Subcutaneous Infusion of
Fluids for Hydration or Nutrition: A Review. J Parenter Enteral Nutr, 42, 2018. 296 — 307.

R. Mathaes, A. Koulov, S. Joerg, H.C. Mahler, Subcutaneous Injection VVolume of Biopharmaceuticals-
Pushing the Boundaries. J Pharm Sci, 105(8), 2016, 2255-92016.

K. Holtgrew-Bohling,Injection techniques, subcutaneous injection’, in Large Animal Clinical
Procedures  for  Veterinary  Technicians.  4thedn.  Elsevier. 2019  Available at:
https://www.elsevier.com/books/large-animal-clinical-procedures-for-veterinary-technicians/holtgrew-
bohling/978-0-323-56904-0 (Accessed: 1 October 2023).

B. Peet, Tubing Piglets Gives A Quick Energy Boost. Published: March 3, 2011, Available at:
https://www.manitobacooperator.ca/livestock/tubing-piglets-gives-a-quick-energy-boost-for-mar-3-
2011/

«

PAGE 63

«



