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ABSTRACT
Glucose is the main source of energy used by the cells, and it is in constant flow through the
body. One of the ways to measure blood glucose is through a portable glucometer. This device
was initially developed to measure blood glucose in humans, but is currently being used to
measure blood glucose in animals. The devices were used in this study to test its reliability in
rat blood samples. To perform the tests, 0.5 ml of blood was collected for measurement on
portable glucometers and 2 ml for the reference laboratory test. Although the average glycemic
values of male Wistar rats (submitted to an eight-hour fast) obtained by two portable devices
do not differ significantly from that obtained by the reference laboratory test, the use of those
should be done carefully.
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INTRODUCTION

Glucose is used by the body cells as the principal energy source in animals and humans,
SO it is necessary to maintain its blood concentration at normal levels (Bush, 2004). Blood
glucose has a constant flux, being transported from the hepatic reservoir to different parts of
the body. Under normal conditions, there is a balance between their production and use (Luppi
et al., 2007).

In mammals, changes in blood glucose concentration occur after food intake. Initially,
there is an increase due to pronounced glucose absorption, leading to inhibition of hepatic

81
J. Vet. Sc. Public Health, v. 8, n. 2, p. 081-095, 2021


mailto:ardillesjuan@hotmail.com

glycogenesis and concomitant release of pancreatic insulin (Kaneko, 2008). Usually, the
glycemic peak is reached between 30 to 60 minutes, with a consequent reduction in glucose to
baseline levels, which may reach lower values during periods of fasting. However, this
hypoglycemia is transient and results from the inertia of the regulatory mechanisms, because
generally the higher the glycemia, the greater the subsequent hypoglycemia, and the blood
glucose levels later return to baseline values (Polakof, Mommsen, Soengas, 2011).

Situations that lead to a persistent decrease or increase in blood glucose can cause
serious complications to animal health (Faria, 2007). Hypoglycemia has been reported in
ruminants as a metabolic disorder associated with postnatal mortality, ketosis, toxemia of
pregnancy, lipid mobilization syndrome, among others (Gonzalez, 2000).

The persistence of fasting hyperglycemia is the most important diagnostic criterion for
diabetes mellitus in humans according to the American Diabetes Association - ADA (2010)
and has been reported in several mammals (equines, cattle, sheep, and pigs), being more
frequently found in dogs and cats (Polakof, Mommsen, Soengas, 2011).

Individuals are considered normoglycemic when submitted to fasting for eight hours
and show glycemic values below 100 mg/dl and/or below 140 mg/dl after administration of
75¢g of glucose dissolved in the water. Individuals with prediabetes are those with glycemic
values equal to or greater than 100 mg/dl in fasting, and equal to or greater than 140 mg/dl and
less than 200 mg/dl after administration of 75 g of glucose dissolved in water. On the other
hand, individuals with glycemic values greater than 126 mg/dl in fasting and values greater
than 200 mg/dl after glucose administration are considered diabetic (BRAZILIAN DIABETES
SOCIETY, 2019).

Liver diseases lead to prolonged postprandial hyperglycemia due to secondary
glycogenesis decrease (Lassen, 2006; Rebar, 2008). Stressful situations such as painful stimuli,
temperature changes, and water deprivation can cause hyperglycemia, by the animal cortisol
production increase (Hess, 2010). Pancreatic tumors also lead to increased glucose. This
hyperglycemia can be caused by increased glucagon release, promoting the release of glucose
from its physiological reserves, or decreased insulin release in addition to hormonal factors
(Lassen, 2006; Gilon & Graves, 2011; Fukuta et al., 2012; Mared et al., 2012; Metzger &
Rebar, 2012; Mattin et al., 2014).

In research, rodents like rats are commonly used in animal models of type | or type Il
diabetes mellitus induction because they have pathophysiology similar to occurs in humans,
according to the study by Ribeiro et al. (2007). The glycemic values considered for humans

have been a reference for rats experimentally induced to diabetes mellitus. Then, animals with
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blood glucose values equal to or greater than 126 mg/dl in fasting are considered diabetic
(Moura et al., 2012).

Periodic glucose level assessments and glycemic curves can be performed with the aid
of portable devices (photometric or amperometric sensor) and laboratory methods (Vandresen
et al., 2009; Aleixo et al., 2010; Argollo, Faustino, Pedreira, 2010).

Portable glucometers have been used in Veterinary Medicine for being small, light,
simple to handle, and require a small blood volume to perform the exam (Foster et al., 1999;
Cohn et al., 2000; Wess & Reusch, 2000a; Wess & Reusch, 2000b; Stein & Grego, 2002).
Therefore, it is essential to verify the effectiveness of this method when compared to a reference
laboratory method, since this last is more complex and classically more accurate (Pica et al.,
2003).

Glucometers are designed to monitor blood glucose levels in diabetic human patients.
The results provided by this equipment have been used more frequently in guiding the clinical
treatment to be administered to patients, so they must provide accurate information (Cohn et
al., 2000). Although there are glucometers for veterinary clinics available on the market (Mori
et al., 2017), those developed for use in humans are widely used by veterinarians to assist in
monitoring and treating their patients (Brito-Casillas et al., 2014).

In addition to the use in the veterinary clinical routine, portable devices have been used
in research, as an alternative to reduce the maintenance costs of equipment and supplies needed
to perform biochemical tests. The speed in obtaining results is another factor considered when
choosing this equipment in an experimental routine (Morley et al., 2018). However, due to the
peculiarities of the different animal models used, it is necessary to assess the reliability of the
results obtained in the measurements using these devices. Thus, the present study evaluated the
efficiency of two portable glucometers concerning a reference method for measuring glycemia

in Wistar rats (Rattus novergicus), commonly used as an animal model for diabetes.

MATERIALS E METHODS
Portable glucometers

The two portable devices used in this study have a function-based in a photometric
biosensor, and have different characteristics despite belonging to the same company. While
Accu-chek Performa® (Roche, Sdo Paulo, SP, Br) analyzes only the glycemic index,
Accutrend Plus® (Roche, Séo Paulo, SP, Br) analyzes the glycemic index, total cholesterol,
triglycerides and lactate, depending on the test strip used. In addition, the first device mentioned

uses 0.6 pL of blood and presents the analysis result in an average time of five seconds. On the

83
J. Vet. Sc. Public Health, v. 8, n. 2, p. 081-095, 2021



other hand, Accutrend plus® requires a volume of capillary blood that varies from 30 to 50 pL
and the result is obtained in 12 seconds. The glycemic value is shown on the equipment display
in units of mg/dl, according to the manufacturer's information. Both glucometers were
developed to monitor glycemic levels in humans using a capillary blood sample obtained by a
puncture at the fingertip (Stein & Greco, 2002). Before being used, the devices were calibrated
following the manufacturer's guidance.

Animals, blood collection and analysis

All animals in the experiments were used according to the protocols (license number
050/2014, CEUA-UFRPE) approved by the Local Ethics Committee on Animal Use (CEUA)
of the Rural Federal University of Pernambuco (UFRPE). Rattus norvergicus albinus, variety
Wistar, male, adults, clinically healthy, and with body weight between 300 — 330 g were used
(n = 30). They are from the bioterium of the Department of Animal Morphology and
Physiology (DMFA) of the Rural Federal University of Pernambuco (UFRPE). The rats were
kept in boxes (height 14 cm, width 34 cm, and length 41 cm) with a maximum capacity for six
animals, in a controlled environment (21 + 2 °C and 50% RH), with light-dark cycle (12 / 12
h), receiving commercial feed and water ad libitum for two months.

For the blood collection, the animals fasted for eight hours without water restriction.
They were placed in a plastic container suitable for the species and the area to be punctured
was cleaned (70% alcohol). Then, the puncture of the lateral caudal vein was performed with
the aid of a n°. 24 venous catheter. A sample of blood (0.5 ml) was collected and placed in a 2
ml sterile Eppendorf tube, identified for each animal. The blood glucose reading was performed
immediately after collection, using portable glucometers.

For the reference test (laboratory test), blood samples (2.0 ml) were also collected by
lateral caudal venipuncture and placed in a Vacuette® plastic tube with a coagulation activator.
Then, the samples were centrifuged at 2500 rpm during 15 minutes to obtain the serum, which
was collected with a pipettor and immediately used for the determination of blood glucose
through the enzyme endpoint test (Kit Labtest Diagndstica SA, Minas Gerais, BR), by
absorption spectrophotometry with colorimetric reaction. The reading was performed in
triplicate at 505 nm, following the manufacturer's recommendations, using a spectrophotometer
Agilent® 8453 (Agilent, California, USA).

Statistical analysis

The data were organized into 3 groups (reference test, Accu chek performa and

Accutrend plus) submitted to the Shapiro-Wilk’s test, then the Friedman test was used since

the reference test group did not follow a normal distribution. Friedman’s test allowed us to
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compare the glycemic values of the rats obtained by those different methods. To check the
agreement between the reference test and each device, the Bland-Altman test was used. All the

analyses were performed using the GraphPad Prism software (version 8.4.3, California, USA).

RESULTS

The blood glucose levels of male Wistar rats subjected to an eight-hour fast without
water restriction and assessed by a laboratory reference test and two portable devices are shown
in table 1. The blood glucose range of the laboratory test was 80 to 167 mg/dl. The Accu chek
performa device had a range in blood glucose levels of 81 and 142 mg/dl, while the Accutrend
plus device showed a range of 78 to 143 mg/dl. The data variation coefficients were 21.52%,
16.21%, and 15.64% for the reference test, Accu chek performa, and Accutrend plus,
respectively. The Friedman test showed that there was no difference among the tests and there
was also no difference among rats” glucose values (p = 0.6). Then, there was no difference
among plasma glucose values obtained for reference test, Accu chek performa and Accutrend

plus.
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Table 1. Glycemic values (mg/dl) of male Wistar rats in 8 h of fasting obtained by portable
devices (Accu chek performa and Accu trend plus) and laboratory reference method.

Sample Reference test* Accutrend plus Accu chek
(mg/dl) (mg/dl) performa (mg/dl)
1 80 83 107
2 80 132 106
3 80 120 92
4 82 108 85
5 82 110 97
6 84 107 117
7 86 102 124
8 86 105 85
9 90 108 93
10 90 117 119
11 93 106 135
12 97 81 78
13 102 129 91
14 103 131 108
15 105 92 96
16 107 100 98
17 108 124 106
18 109 85 83
19 113 103 112
20 121 86 118
21 127 141 113
22 128 106 132
23 128 109 114
24 134 109 115
25 135 137 124
26 135 84 84
27 136 111 110
28 138 84 109
29 139 106 130
30 167 143 142

*For the reference method, the mean of the triplicates of each analyzed sample was used.

Bland-Altman analysis (agreement verification) was done by classifying the results
obtained by the reference method in glycemic values less than 100 mg/dl and equal to or greater
than 100 mg/dl in relation to the evaluated portable devices (Fig. 1), based on the criteria
established by I1ISO 15193: 2013.
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Figure 1. Bland - Altman graphs representing the average difference between the reference test and
portable devices for blood glucose values <100 mg / dl (A - Accu chek performa and B - Accutrend
plus) and percentage difference in relation to the reference test for values blood glucose> 100 mg / dl
(C - Accu chek performance and D - Accutrend plus). On the x-axis are the mean blood glucose values,
plotted against absolute (A and B) or percentage (C and D) errors for each corresponding value. The
dashed lines represent the confidence limits for the test indicating that values above the upper line
exceed acceptable limits (95%) according to the International Organization for Standardization (1SO)
15197: 2013 revised in 2018.

In the reference test, only 20 samples were within the normoglycemia range considered
for the specie, while 26 samples were found to be normoglycemic in the analyzes performed
by Accu chek performa device, and 24 samples by the Accutrend plus device. None of the
samples were classified as hypoglycemic for the methods used, while indexes considered
hyperglycemic were 10, four, and six samples for the reference method, Accu chek performa

and Accutrend plus, respectively.

DISCUSSION

Based on the literature that seeks to establish normoglycemia reference values for
Wistar rats, the data obtained vary in the present study. Dantas et al. (2006) and Melo et al.
(2012) obtained values of 104 + 17.2 and 108 £ 17.4 mg/dl, respectively, from male rats,
clinically healthy, and subjected to an eight-hour fast. While Reis et al. (2011) obtained mean

values of 141.2 £ 9.1 mg/dl in animals under the same conditions. Marques et al. (2016) showed
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that the mean of the rats” glycemic values by the laboratory test was 129.2 + 7.6 mg/dl, while
by the Accutrend plus portable device it was 115.8 + 4.2 mg/dl.

Conventionally, blood glucose measurement is performed using serum or blood plasma
by the enzymatic method, with oxidase or hexokinase, in which the values obtained can be up
to 15% higher when compared to those measured in venous blood (Briggs & Cornell, 2004;
Brito-Casillas et al. 2014; Johnson & Baker, 2001; Oliveira et al. 2015). Portable glucometers
frequently use capillary blood. Generally, the results of capillary glycemia are slightly higher
than venous glycemia and this fact is related not only to the time required for changes in venous
blood to reach capillary blood levels but also to the type of sample used (Borges & Andrade,
2009; Cordova et al. 2009). In our work, only venous blood samples were used.

Monteiro et al. (2015), in research involving humans, compared the glucose levels of
normal and diabetic individuals obtained by means of a portable glucometer (capillary glucose)
with a standard laboratory method (venous glucose), verifying through Spearman's correlation
test and the Bland-Altman graph a strong agreement between the two glucose assessment
methods. In a research with dogs, Ferreira et al. (2013) demonstrated that the method using a
portable glucometer is accurate and consistent with enzymatic laboratory tests, in which
capillary glycemic levels were compared with the venous levels analyzed by both methods.
These results are corroborated with those obtained in a previous assay performed by Neto et
al. (2011), in which one of the equipment described in our research (Accutrend Plus) was used,
with no significant difference when compared to the reference laboratory test for checking
blood glucose in horses.

However, the scientific literature is not unanimous regarding the coherence between the
results obtained through portable devices in relation to the reference analysis methods. A study
related to human patients pointed out a significant difference between the capillary blood
sample analyzed by the portable glucometer and the venous blood analyzed by the laboratory
process (Cordova et al., 2009). Neves et al. (2017) demonstrated that the performance of two
portable devices in determining glucose was sample-dependent when compared to a standard
test; while one of them got better results with venous blood samples, the other one got better
performance with capillary blood samples.

Often a statistical analysis of the different methods used to measure the same variable,
especially some clinical measure that is quantifiable as blood glucose, is not always suitable as
the simple analysis of central tendency and dispersion measures, which can lead to mistaken
conclusions in relation to the results obtained (Hirakata, Carney, 2009; Giavarina, 2015).

However, there is a statistical evaluation that aims to estimate the agreement between the
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studied methods known as the Bland-Altman test (1999). In this test, a scatter plot is obtained
in which the dependent variable shows the difference between the two paired measurements,
while the independent variable represents the average of these measurements.

According to the International Organization for Standardization (1SO) 15197: 2013
revised in 2018, portable glucometers should have a maximum variation of + 15 mg/dl when
the glycemic value is less than 100 mg/dl. In samples with values equal to or greater than 100
mg/dl obtained by the reference tests, this variation should not exceed + 15%. Taking this
criterion, none of the devices was found to meet the standards, which requires caution in their
use in experimental protocols. In the comparative analysis performed between serum samples
of rats submitted to eight-hour fasting with blood glucose lower than 100 mg/dl obtained
through the reference test (n = 12; mean + standard deviation = 85.83 + 5.61 mg/dl) and those
obtained in the Accu chek performa device measured in venous blood samples differed by up
to 54.34 mg/dl below and 12.84 mg/dl above in relation to the reference test, exceeding the
established confidence limit (Fig 1A). In relation to Accutrend plus, these differences were
53.22 ml /dl below and 13.17 ml /dl above that obtained in the laboratory test, and also for this
device the confidence limit was exceeded, as can be seen in Fig. 1B. When we analyze, for
example, sample number 10 (Table 1, line 11), while for the reference test the value is within
the normoglycemia range (90 mg/dl), the same sample evaluated by portable devices showed
a value that would lead to classify it as a prediabetes condition (variation of 27 mg/dl and 29
mg/dl when Accu chek performa and Accutrend plus were used, respectively), according to the
SBD guidelines (2019).

In comparison with serum samples with glycemia equal to or greater than 100 mg /dI
obtained by the standard method (n = 18; mean * standard deviation = 124.20 £ 17.12 mg/ dl),
the Accu chek performa device showed percentage variation of 28.60% below and 53.94%
above the values obtained in the reference test when using venous blood samples, but still
within the confidence limit established for the Bland-Altman test (Fig. 1C). On the other hand,
for the Accutrend plus device the variations were 12.08% below to 35.94% above the reference
values obtained in the laboratory test and exceeding the confidence limit established for the
Bland-Altman test (Fig. 1D).

In general, based on what is established by 1SO 15197: 2013 and the analysis made
using the Bland-Altman difference test, the devices evaluated in this work showed a variation
greater than recommended. When Accu chek was used, the variation was approximately twice

less than the value obtained in the laboratory test. Although in Accutrend plus this variation is
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within the allowed, caution is also required in the use of this device for the purpose of
establishing a diagnosis in experimental protocols.

When analyzing of our some samples, for example, for samples number 26 and 27 (Tab.
1, lines 27 and 28) the blood glucose values obtained would be classified as a condition of
diabetes when evaluated by the reference test, while on portable devices, the samples would be
classified as normoglycemic for sample 26 and prediabetes condition for sample 27 according
to the SBD guidelines (2019).

The data found in the present study corroborate with a study performed by Brito-
Casillas et al. (2014), who analyzed the efficiency and concordance of data obtained through
nine portable glycemia monitoring devices developed for use in humans in relation to the
reference test, verified the devices inability to reach the criteria established by ISO 15197: 2003
to analyze canine blood samples.

The results obtained in the present study and by other authors who analyzed the
glycemia of different animal species, reinforce that the portable devices developed for
monitoring blood glucose in humans are easy to use, provide quickness in obtaining the results
and require less amount of sample used.

From Wistar rats, portable devices can serve as an alternative to laboratory tests, since
there were no significant differences between the average value obtained in the reference test
and the devices tested for analyzing blood samples. The evaluation of the agreement between
the methods shows that for experimental purposes, the use of these devices must be well
evaluated because the data obtained can lead to false-positive results in conditions of
normoglycemia. The data obtained also can lead to false negatives in conditions of prediabetes
and diabetes in a referred species used as an animal model to induce diabetes or other
experimental protocols.

Although the average glycemic values of male Wistar rats submitted to an eight-hour
fast obtained by two portable devices which are developed for humans, do not differ
significantly from that obtained by the reference laboratory test, the use of the devices should
be done by means of careful analysis, especially in conditions of high glycemia in which the

data obtained may lead to incorrect results.
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