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Abstract

Propofol is a widely used drug in veterinary medicine to induce anesthesia; as well as the chosen compound for protocols of
intravenous anesthesia. The present study aimed to describe the hematological, biochemical and oxidative stress alterations
in calves kept under anesthesia by propofol in different dosages. In order to achieve this, eight Holstein calves were induced
using propofol in a 5 mg/kg dosage and maintained under continuous propofol infusion for 60 min, having being administered
0.6 mg/kg/h or 0.8 mg/kg/h in crossover design with seven days interval. Blood samples were collected immediately before
the anesthesia induction (baseline), and 30 min, 1, 2, 3, 4 and 5 h after the procedure started. Statistically relevant propofol
influence was observed both in blood and biochemical parameters, with differences between dosages according to the time
of infusion. The drug action over oxidative stress was also observed, causing a raise of the total antioxidant capacity (TAC)
with an uric acid increase. Additionally, the increase of triglycerides, induced by the anesthesia maintenance with propofol,
caused lipemia in the samples, which was capable of interfering directly in the measurements made by refractometry and
spectrophotometry. It was concluded that, in spite of propofol induced alterations in blood and biochemical parameters, such
alterations are subtle. In addition to that, the drug presented an antioxidative effect, which reinstates the safety of anesthesia
maintenance with propofol in calves.

Keywords Antioxidant - Continuous infusion - Bovine - Hemogram

Introduction

Developed in the 1970’s, propofol—or 2, 6-diisopropylphe-
nol—is a general short-acting anesthetic medication that
belongs to the alkylphenol family (Walsh 2018). Since intro-
duced in the market, in 1977, the drug has replaced barbitu-
rates as the most popular inductor and has been widely used
as a sedative in intensive care units (Brohan and Goudra
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2017; Guo and Ma 2020). Propofol presents itself as a lipid
emulsion composed by its active (propofol), soybean oil,
glycerol and egg lecithin.

Besides the sedative and hypnotic effects of propofol not
being completely understood, it is known that the drug acts
potentializing the Gamma-Aminobutyric acid (GABA,)
inhibitory-transmissor connection to the ionic channels from
GABA, (GABAAR) receptors, indirectly activating such
receptor (Brohan and Goudra 2017; Walsh 2018). Propofol
also inhibits N-Metil-D-aspartate (NMDA) receptors, con-
tributing to a depression and reduction of activity of the
central nervous system (Grimm et al. 2015).

The drug has a 97 to 99% potential to connect with
plasma proteins (Cagnardi et al. 2009). Metabolization
happens fast and extensively in the liver, forming inactive
water soluble metabolites which are excreted by the kid-
neys (Walsh 2018). It is also suggested a possible exist-
ence of extra-hepatic metabolism or extra-renal excretion
(Grimm et al. 2015) Other pharmaceutical characteristics
fit propofol as an ideal injectable anesthetic, such as fast
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effectively, short-action, absence of cumulative effects
and fast recovery. On the other hand, the drug presents
side-effects such as post-induction apnea, increased sus-
ceptibility to microbial infection, arrhythmia, cardiac,
circulatory and breath dose-dependent depression, hypo-
tension and others (Visvabharathy et al. 2015; Brohan and
Goudra 2017; Guo and Ma 2020).

Anesthetic agents may induce important alterations
over different systems and organs, promoting biochemical
and hematologic alterations, but data about such informa-
tion is scarce. Propofol phenol structure is able to sta-
bilize the structure of cell membranes and, because of
that, the drug is related to antioxidant activity by reducing
lipid peroxidation (Costa et al. 2013). Propofol is cred-
ited for protecting cells against oxidative and reperfusion
injuries, caused by ischemia or hypoxia processes in the
brain, lungs, heart, kidneys, liver and intestinal tissues
(Vasileiou et al. 2012; Costa et al. 2013). When in mod-
erate concentration and duration, propofol can protect
organs and cells, as well as exert an anti-tumoral effect
regulating autophagy (Guo and Ma 2020). Additionally,
the antioxidant protective effect can increase erythrocyte
membrane resilience, avoiding their destruction (Costa
et al. 2013). The drug also influences the inflammatory-
response modulation by reducing the production of pro-
inflammatory cytokines, altering nitric oxide expression
and inhibiting neutrophil function (Sato et al. 2016).
Despite its possible antioxidant action, there are, to date,
no studies that have determined the effect of propofol
on oxidative stress parameters in cattle. However, when
evaluating other anesthetic protocols, it has already been
demonstrated an increase of the total oxidant capacity
during the use of desflurane, while sevoflurane can sig-
nificantly increase the antioxidant capacity of the organ-
ism (Erbas et al. 2015).

Bearing in mind the possible alterations caused by
anesthetic agents in hematological, biochemistry and oxi-
dative stress analyzes, the present study aims to describe
alterations in these parameters in calves kept under anes-
thesia with propofol and clarify propofol effects in these
animals.

Material and methods
Approval by the Ethics Committee

The study was approved by the Ethics Committee of Ani-
mal Usage in Animal Experimentation (CEEA) of the
School of Veterinary Medicine at the Aracatuba Campus
of Sdo Paulo State University (Unesp), under procedural
number FOA-9416/10.
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Animals

Eight male Holstein calves, aged between 6 to 12 months
and weighing between 84 and 124 kg, were used, all of
them came from the same milking farm. The animals were
submitted to clinical examination accordingly to Feitosa
(2014) and had a complete blood count (CBC) performed
to verify their health conditions. Animals were placed
in paddocks and were fed with brachiaria grass, starter
and corn silage with supplementing. Water was freely
provided.

Animal preparation and experiment protocol

Animals were kept in food fasting for 36 h and water fast-
ing for 12 h before the experiment began. After physi-
cal constraint, the animals had their jugulars catheterized
with a 16 gauge 30.5 mm catheter (Catheter BD Intracath
16G—Becton, Dickinson Ind. Cirdrgicas Ltda.—Juiz de
Fora, MG, Brazil), the right vein for intravenous propo-
fol administration and the left for the maintenance fluid
therapy, with an administration of Ringer with lactate
(Ringer com Lactato, Equiplex industria farmacéutica
Ltda., Aparecida de Goiania, GO, Brazil) in an infusion
rate of 5 mL/kg/h.

The animals were kept restrained for a 10-min period
in order to minimize the handling’s effect over baseline
values. Afterwards, the animals were induced with Propo-
fol (Propovan 10 mg/mL Laboratério Cristalia—Produtos
Quimicos Farmacéuticos Ltda, Itapira, SP, Brazil) in a
5 mg/kg dosage administered over 2 min and, immedi-
ately after that, intubated with tracheal tubes proportional
to their size and positioned in right lateral decubitus,
spontaneously breathing the air from the environment.
The anesthesia maintenance was made by a continuous
propofol infusion, administered by an infusion pump
(ST-1000-Samtronic, Sdo Paulo, SP, Brazil) at two dif-
ferent rates: 0.6 mg/kg/min IV (G06) and 0.8 mg/kg/min
IV (GO8) during 60 min. These rates were established
according to Riebold (2007), that observed a superficial
anesthetic plane at the rate of 0.4 mg/kg/min, and a pilot
study using different rates. All animals were anesthetized
twice, participating in both groups, with a 1-week interval
between one anesthesia and the other.

The blood samples were collected just right before
the anesthesia induction (baseline) and 30 min, 1 2, 3,
4 and 5 h after the procedure started. Before each sam-
pling, about 3 mL of blood was removed to avoid dilution
and contamination of the samples. After each sampling,
the catheter was flushed with heparinized solution (5 U/
mL). The blood samples destined to the hemogram were
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put in tubes with ethylenediaminetetraacetic acid diso-
dium (Na,EDTA, BD Vacutainer®, Franklin Lakes, NJ,
EUA) and the ones destined to biochemical and oxida-
tive stress evaluations were put in tubes with heparin (BD
Vacutainer®, Franklin Lakes, NJ, EUA) to obtain plasma
after immediate centrifugation in 2,500 rpm for 10 min
and stored under light protection at -20°C by a maximum
period of 15 days.

Laboratorial analysis

For the CBC'’s realization, counts of red blood cells (RBC)
and white blood cells (WBC), as well as the measurement
of hemoglobin were done in a veterinarian automated cell
counter (BC-2800Vet, Shenzhen Mindray Bio-Medical Elec-
tronics Co., Nanshan, China). Hematocrit (HCT) was deter-
mined by Strumia’s microcapillary method, centrifuged in
11.400 rpm during 5 min. The differential leukocyte counts
and the determination of platelets by 1,000 X oil immersion
field (/1000 x field) were done in a blood smear colored
by commercial stain (Instant-Prov, Newprov, Pinhais, PR,
Brasil) and, altogether with icterus levels, followed what
was recommended by Jain (1986). Total plasma protein
(TPP) was determined in a portable clinical refractometer
(ATAGO, Mod. Master-SUR-NM, Tokio, Japan) and plas-
matic fibrinogen (PF) was measured after its precipitation
under 56°C. The blood indicators of mean corpuscular
hemoglobin concentration (MCHC) and mean corpuscular
volume (MCV) were measured as previously described (Jain
1986).

Biochemical evaluations were done with an automated
photocolorimeter (BS 200, Shenzhen Mindray Bio-Medical
Eletronics Co., Nanshan, China) using commercial reagents
(Biosystems, Barcelona, Spain) according to the producer’s
recommendation. The biochemical determinations were
made in a duplicate in 37 °C after calibration with a com-
mercial calibrator and checked with commercial controls
levels I and II (Biosystems, Barcelona, Spain). Uric acid,
glucose, total cholesterol and triglycerides levels were
measured by Trinder-enzymatic method, AST activity by
ultraviolet (UV) kinaesthetic method, albumin levels by col-
orimetric method using bromocresol green, total bilirubin
by Sims-Horn colorimetry, creatinine by alkaline picrate
colorimetric method, GGT activity by modified-Szasz, total
protein by biuret colorimetric method and urea by enzymatic
UV method. Globulin levels were obtained subtracting the
albumin from the total protein levels.

To evaluate the oxidative stress, the determinations were
also made in the same automated photocolorimeter. The
total antioxidant capacity (TAC) was determined by the
cation 2,2'-azino-bis 3-ethylbenzthiazoline-6-sulphonic acid
(ABTYS) inhibition, descripted by Erel (2004). The total oxi-
dant capacity (TOC) was measured by the orange xilenol

colorimetric method described by Erel (2005). Lipid peroxi-
dation was measured by substances reactive to the thiobar-
bituric acid (TBARS) according the methodology described
in Hunter et al. (1985) at 545 nm, in which the results were
obtained after a comparison of the samples with a standard
curve from 0 to 100 pmol de malondialdehyde/L. All the
compounds used to make the reagents were from Sigma-
Aldrich Chemical Co.

Statistical analysis

The variables were tested in normality using Shapiro—Wilk
Test and the differences between the groups and time points
(TP) were tested by two-way repeated measures ANOVA
and Sidak’s post-testing. All statistical analysis was done
in a computer program (GraphPad Prism, v.6.00 para Win-
dows, GraphPad Software, La Jolla, CA, USA, www.graph
pad.com), being considered significant when p <0.05.

Results
Hematology

When analyzing the erythrogram parameters, the anesthesia
with propofol in a 0.6 mg/kg/min infusion rate caused an
elevation of HCT and hemoglobin in TP30min, TP1h and
TP2h after the procedure in comparison with the baseline;
there was no difference from the infusion rate of 0.8 mg/kg/
minute. The other variables from the erythrogram were not
affected nor by the anesthesia time nor by the propofol’s
dosage (Table 1).

As for the leukogram, the propofol anesthesia in a 0.6 mg/
kg/minute infusion rate caused an elevation of WBC from
the first 30 min up to the last evaluated TP (TP5h), while
when in the infusion rate of 0.8 mg/kg/minute, such raise
just became evident 3 h after the procedure began. In addi-
tion to that, the WBC counts in TP1h, TP2h and TP3h
from the GO6 were superior to GO8. This increase of total
leukocytes happened because of the segmented neutrophil
increase, observed in both groups during all moments evalu-
ated in relation to the baseline, not being verified any differ-
ence related to the propofol’s dosage. The propofol usage in
a rate of 0.8 mg/kg/minute reduced the lymphocyte number
1 h after the procedure. Calves under a 0.6 mg/kg/minute
rate anesthesia presented more lymphocytes 2 h after the
procedure than those put under the 0.8 mg/kg/minute rate at
the same moment. Calves under the infusion rate of 0.8 mg/
kg/minute presented more eosinophils than those under the
0.6 mg/kg/minute rate in TPSh. As for the other parameters,
the leukogram did not have any differences in relation to
time and dosage (Table 1).
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Table 1 Blood evaluation made in calves put under continuous propofol infusion in the rates of 0.6 mg/kg/minute and 0.8 mg/kg/minute

Variable Propofol ~ Baseline TP30min TP1h TP2h TP3h TP4h TP5h

infusion

rate
HCT 0.6 2714327 292+286% 290+366% 292+399% 283+406 27.8+394  273+406
(%) 0.8 28,043,220 29,043,554 2934342 2904329  28,6+427  28,1+491  27,5+447
RBC 0.6 6,48+09  6,81+0,6 6,79+098  6.84+0,78  676+094  647+102  661+155
(x10%uL) 0.8 6,54+0,82 6,66+087  671+0,82  671+0,93  663+121  654+125  642+1,14
Hemoglobin 0.6 92+1,16 95+1,09% 94+1,11*% 95+131*% 92+1,13 9,1+1,13 9,0+1,19
(g/dL) 0.8 93+1,18 9,5+122 9,6+1,33 9,8+1,47 9,6+1,56 9,6+1,69 93+1,54
MCV 0.6 419+2,64 4294274  428+2095  42,6+235 4204274 4324249  433+2,03
(fL) 0.8 4284194 435+173  438+1,62  433+1,73  433+188  430+143  428+121
MCHC 0.6 33.942,10 32,6+145  32,7+0,84  32,7+081  32,6+1,33  328+140  33,1+1,55
(%) 0.8 3344092 329+1,15  329+1,13  338+294  338+195  342+144 3414207
WBC 0.6 10,8+4,10 1404523 * 134+557* 155+549% 162+564% 148+346% 144+395%
(x10%pL) 0.8 10,9+3,72 125+443  113+250§ 12,6+3488 133+331%§ 13,7+341% 13,043,690 *
Segmented neutro- 0.6 2924+1168 5518+2300* 6206+2465* 6272+2731 % 6400+2357 * 6064+ 1768 * 5054+ 1574 *
(/pllji)ls 0.8 22064714 5054+2238 % 4825+1216* 555341453 % 531141783 % 510941691 * 5039+ 1824 *

W

Lymphocytes 0.6 747243703 7935+3292  6726+3416 8869+3883  9318+4700 8385+2745  8972+3048
(/uL) 0.8 809143725 676242504 5957+1738 * 6428+2042§ 7668+2356 8073+2949  7453+2135
Monocytes 0.6 3664301  425+314 3974263 274217 3614249 417120 407 £ 180
(/uL) 0.8 4134306 4224208 3334347 365+234 243+ 155 271 +204 259+ 146
Eosinophils 0.6 124+144  208+264 120+ 160 1334224 120+ 156 37474 53+80
(/uL) 0.8 188+195  335+453 183+ 144 3274273 114+ 129 258 +258 3234484 §
TPP 0.6 6,77+0,65 7,12+053% 732+0,67* 7,10+058* 6,76+042  6,70+030  6,57+0,31
(g/dL) 0.8 6,20+0,61 637+0,64§ 6,62+0,69%§ 6,60+0,57*§ 635+0,56  622+0,68  620+0,61
PF 0.6 045+0,17 047+0,10  050+0,18  045+0,09  047+0,18  0,50+0,10  0,42+0,17
(g/dL) 0.8 045+020 045+0,14  050+0,18  047+0,14  045+0,17  045+0,09  0,47+0,14
Platelets 0.6 46+11 48+8 54411% 53+13 * 50+ 10 53+12% 52410
(/1000 x field) 0.8 5348 49+13 4849 50+8 53+9 53+6 5246

(*) Indicates a significant difference between the value and the baseline, meanwhile the (§) indicates a difference from the infusion rate dosage

The TPP values increased in TP30min, TP1h and TP2h
in the GO6 and in TP1h, and TP2h in the GOS8, so that the
observed values in TP30min, TP1h and TP2h in G06 were
superior than to the ones observed in GO8. Propofol anesthe-
sia did not alter the PF in either dosage (Table 1).

Propofol anesthesia in GO6 caused an elevation of plate-
lets in TP1h, TP2h and TP4h in relation to the baseline inde-
pendently of the dosage evaluated (Table 1).

Biochemical

Propofol anesthesia caused an elevation of albumin, AST,
cholesterol, glucose, globulins, total protein and triglycer-
ides and a reduction in the amounts of bilirubin, creatinine
and GGT in different moments in both dosages. There was a
significant difference between both dosages evaluated, with
a reduction of creatinine and increase of glucose, globulin
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and triglycerides in the calves under anesthesia rate of
0.8 mg/kg/minute if compared to the 0.6 mg/kg/minute rate
(Table 2).

Oxidative stress

Propofol anesthesia in an infusion rate of 0.6 mg/kg/minute
caused and elevation in the levels of uric acid in TP1h in
relation to baseline, so that the infusion rate of 0.8 mg/kg/
min there was also an elevation in TP30min and TP2h, in
a way which the differences in all these 3 time points were
bigger than in GO6. There was a TAC increase in TP30min,
TP1h and TP2h in relation to the baseline in GO6 and GOS8,
with no difference in these time points regardless of the
infusion rate. However, in TP3h, TAC was lower in the
GOS8 than in G06. There was a lipid peroxidation increase
in TP1h under the rate of 0.6 mg/kg/min and in TP1h and
TP2h under the infusion rate of 0.8 mg/kg/min. Because
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Table 2 Biochemical parameters in calves under continuous propofol infusion in the rates of 0.6 mg/kg/minute and 0.8 mg/kg/minute
Variable Propofol ~ Baseline TP30min TP1h TP2h TP3h TP4h TP5h
infusion
rate
Albumin 0.6 2426+3.46  26,08+3,17 28,20+544 % 24,98+3.49 24,68+249  2446+255 23,99+254
(g/L) 0.8 23,00+2,06 26,83+£5,09%  2976+723% 28,02+422%  2385+241  23,05+231 2295+193
AST 0.6 50,92+14,67 72,87+22,60 % 82,12+32,33 % 652342283 % 6589+2041* 67,71+16,57 * 67,69+16,29
(UI/L) *
0.8 50,10+£14,71 60,02+15,12  71,08+2538* 62,69+1807  60,74+1739 62,84+1499 64,36+1596
%
Total biliru- 0.6 0,45+0,18  036+0,15 0,33+0,10 0,25+0,08 * 026+0,07*  024+0,11% 025+0,10*
bin 0.8 0,33+0,19  0,30+0,13 0,30+0,22 0,21+0,13 0,17+0,06 %  0,14+0,05% 0,13+0,04 *
(mg/dL)
Cholesterol 0.6 7701£1731 81,18+14,92  8995+22,68 * 8502+15,14* 79,12+13,88  80,07+16,74 78,00+14,91
(mg/dL) 0.8 743641228 78,88+1336  8648+13,09* 9332+12,11%§ 86,47+9,89* 82,09+10,45 * 80,74+ 11,33
Creatinine 0.6 0,82+0,13  0,39+0,12 * 0,28+0,09%  0,78+0,10 0,85+0,08 0,85+0,08  0,85+0,08
(mg/dL) 0.8 0,83+0,12  023+0,14*§  0,04+0,13*§ 0,37+0,18*§  0,69+025§  0,87+0,19  0,88+0,13
GGT 0.6 17,92+546  14,80+7,86 11314530  19,99+6,82 20,18+6,44  2136+555 19,25+6,79
(UI'L) 0.8 19,21+5,78 17,07+14,25  9,79+10,92 * 14,98 +8,85 17,60+£6,77 19334584 19,52+594
Glucose 0.6 27,07+£1496 4027+1588* 4657+1508* 39,52+11,38  39,97+1555 43,34+14,67 *4891+11,97
(mg/dL) *
0.8 30,80+ 14,67 52,93+12,70*%  63,98+21,37 *§ 63,21+14,14 *§ 4997+14,11 * 49,61 +11,28 * 57,79+15,28
*
Globulin 0.6 40,92+137 47,05+591 49,89+4,58 *  43,10+3,83 42,47+3,53  41,56+3,53  40,91+3,68
(gm) 0.8 40,05+5,72  4833+1550* 56,69+ 18,40 *§ 49,54+ 13,46 *§ 40,93+7,33  39,52+6,52 38,74+5,92
Total pro- 0.6 65,20+3,66 73,14+6,35 78,0949,05*  68,09+5,74 67,15+£3,18  66,02+3,62  64,91+3,69
( t/fil)l 0.8 62,92+6,18 7628+18,90 % 86,46+2519*% 77,37+16,68* 64,78+8,88  62,63+7,61  62,09+5,97
g
Triglycerides 0.6 22,66+8,11  397,67+34,45* 624,29+84,55* 218,18+ 109,00 * 65,42+82,63  38,11+51,92 27,95+31,99
(mg/dL) 0.8 19,66+4,69  547,79+108,51 *§ 843,15+73,09 *§ 468,78 +99,78 *§ 16648+76,62 *§ 67,28+39,05 37,13+17,09
Urea 0.6 20,62+4,95 22,04+6,08 22724672  2239+588 23404490  2333+5,71 24,07+6,12
(mg/dL) 0.8 20,45+£3,10  21,22+2,92 2147423 21214385 21,92+3,91  23,14+4,08  23,19+3,98

(*) Indicates a significant difference from the baseline, while (§) shows a difference regarding the infusion dosage

Table 3 Oxidative stress parameters in calves under continuous propofol infusion in the rates of 0.6 mg/kg/minute and 0.8 mg/kg/minute

Variable  Propofol Baseline TP30min TP1h TP2h TP3h TP4h TP5h
infusion rate
Uricacid 0.6 1,11+0,11 3,24+0,61 4,63+0,75 * 1,92+0,48 1,32+0,25 125+0,15 1,16+0,14
(mg/dl) o8 1,07+0,19 740+5,69%§ 11,54+7,76*§  641+4,81*§ 2,19+1,54 1,43+0,57 1,18+0.23
TAC 0.6 0,67 +0,06 0,81+0,10 * 0,87+0,07 * 0,77+0,05* 0,70+0,04  0,69+0,06 0,69+ 0,04
(mmol/L) 0.8 0,68+0,08 0,81+0,02 * 0,86+0,08 * 0,72+0,11% 0,62+0,04§ 0,66+005 0,64+0,03
TOC 0.6 7,78 +2,42 13,02+6,81 18,01+ 11,42 15594633  13,85+9,83  1147+3,16 7,38+3,30
(mmollL) o8 7,63 +3,49 7,86+5,94 10,10+8,97 246142554 % 17,17+11,96 1047+6,74 745+4,86
TBARS 0.6 3,44+2,10 8,55+6,78 11,42+6,70 * 4,64+225 5084293  292+299 426+2,70
(umollL) o8 4,50+3,06 7.29+4,42 12,35+5,83 %  14,95+7,34*§ 9,83+2,18 8,70+3,43  6,57+5,46

(*) Indicates a significant difference from the baseline, while (§) shows a difference regarding the infusion dosage

of that, lipid peroxidation was bigger in the rate of 0.8 mg/
kg/minute than in 0.6 mg/kg/min in TP2h. As for the TOC,

only the infusion rate of 0.8 mg/kg/minute caused a signifi-
cant increase in TP2h (Table 3).
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Discussion

Until the present moment, no studies have evaluated the
effect of anesthetic protocol based on anesthesia induc-
tion and maintenance only with propofol in bovine hema-
tological, biochemical and oxidative stress parameters.
However, Deschk et al. (2016) evaluated the bispectral
index (BIS) and hemodynamic parameters in calves anes-
thetized over the same rates of propofol administered in
the present study and found no BIS variables alterations,
as well no clinically significant hemodynamic alterations,
attesting the safety of the rates infused. The present study
complements the previous study and showed a significant
influence of propofol on biochemical and hematological
parameters, with differences between dosages, in addition
to emphasizing its action on oxidative stress parameters.

Only the propofol infusion rate of 0.6 mg/kg/minute
caused a significant increase of HCT and hemoglobin.
Alves et al. (2003) also observed an increase in both
parameters in calves induced by propofol and kept under
inhalation anesthesia with isoflurane but, as in the present
study, the values remained within normality for the bovine
species (Meyer and Harvey 2004). Such feature can be
justified by the transitory blood cell liberation by splenic
contraction, caused by the catecholamines liberated due to
excitatory stimuli or stress (Stewart and McKenzie 2002;
Serra et al. 2018) or by propofol, as showed by O’Brien
et al. (2004) and Wilson et al. (2004) in dogs induced
by propofol. In addition to that, RBC can also be altered
by prolonged water fasting (Jones and Allison 2007) and
by circadian fluctuations (Braun et al. 2015). Therefore,
the maintenance of blood parameters within the reference
values indicates that propofol does not compromise tissue
oxygenation.

Leukocytosis was highlighted mainly due to neutro-
philia in both dosages administered, being more notice-
able in the rate of 0.6 mg/kg/minute. On the other hand,
Sato et al. (2016) observed a reduction in WBC count and
neutrophil concentration reduction in dogs induced and
kept under propofol anesthesia in the rate of 26.4 mg/kg/
hour. In calves, neutrophils are the predominant white-
cells in blood and its count can increase as a response to
excitatory stimulus, characterizing physiological leukocy-
tosis (Jones and Allison 2007), or even due to splenic con-
traction, as aforementioned. In addition to that, Sato et al.
(2016) showed that propofol administration significantly
reduces neutrophil adherence ability, a relevant cause of
neutrophilia that also happens due to excitement (Jones
and Allison 2007).

Lymphocyte reduction was observed with an increase of
eosinophils in the rate of 0.8 and an increase of platelets in
the rate of 0.6 mg/kg/minute. Costa et al. (2013) observed
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lymphocytes, eosinophils and platelets stability in dogs
kept under continuous propofol infusion in the rate of
0.7 mg/kg/minute. The significant increase of platelets and
the increase of eosinophils can also be explained by the
splenic contraction (Thrall et al. 2012). Only the animals
kept under the 0.8 mg/kg/minute rate presented a notice-
able decrease in the lymphocytes count. Stressing stimuli
can result in a stress leukogram, characterized by neutro-
philia and lymphopenia (Jones and Allison 2007). So, the
observed lymphopenia can be a consequence of stress, but
other studies would be required to evaluate the influence of
higher infusion propofol rates over lymphocytes.

There was an increase of TPP in both rates, but only the
infusion rate of 0.6 mg/kg/minute promoted a significant
increase in this parameter. An increase in the concentra-
tion of triglycerides promoted by propofol, to be discussed
further, causes a bigger light refraction and can increase the
measurement of TPP by the refractometer, similarly to what
happens in the spectrophotometric biochemical analysis
(Kazmierczak 2013; Oliveira et al. 2020a) and, according
to what has been observed in the azotemia (Legendre et al.
2017) and lipemia in dogs (Oliveira et al. 2020b).

Triglycerides values presented a significant increase in
both infusion rates and, additionally, there was a consider-
able difference between the rates, with 0.8 mg/kg/minute
showing bigger values than the rate of 0.6 mg/kg/minute.
According to Pogliani and Birgel Junior (2007), the refer-
ence values of triglycerides for Holstein calves from 6 to
12 months old varies between 19.26 and 27.97 mg/dL.
Hypertriglyceridemia may have been induced by propofol
that, being a lipid emulsion, when administered for long
periods of time or big dosages can increase the blood tri-
glycerides concentration and cause lipemia (Backer et al.
2005; Bowdle et al. 2014). Mainali et al. (2017) concluded
that propofol intravenous infusion was responsible for 7.4%
of the causes of the lipemia indicators’ index increase in
patients from another medical center. On the other hand, the
incidence of lipemia associated with propofol is not com-
monly related in veterinary medicine, yet lipemia associated
with hemolysis in cats kept under multiple administrations
of propofol are well described (Gall et al. 2013). The gath-
ering of lipoprotein particles leads to the sample turbidity
and interferes in the spectrophotometric biochemical deter-
mination by a physical feature, increasing light absorption
(Kazmierczak 2013). However, in spite of such fact, there
is no literature which correlates the triglycerides levels with
the turbidity of bovine blood samples as there is for dogs
(Bauer 2004).

Most biochemical analytes underwent significant
changes during this peak of hypertriglyceridemia caused
by the continuous infusion of propofol. Total cholesterol
had a statistically significant increase in relation to the
baseline in both rates of infusion, in addition to that the
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rate of 0.8 mg/kg/minute presented values superior than
the rate of 0.6 mg/kg/minute. Albumin, globulin and total
protein levels had a statistically significant increase, being
also highlighted in in vitro tests of lipemic bovine serum
(Jacobs et al. 1992), as well as in in vivo and in vitro tests
of canine lipemic serum (Oliveira et al. 2020a). The sig-
nificant reduction of total bilirubin levels contradicts the
increase of the studied substance in in vitro testing of
lipemic bovine serum (Jacobs et al. 1992) and the main-
tenance of human lipemic serum (Calmarza and Cordero
2011), but is compatible to in vitro and in vivo tests in
dogs (Oliveira et al. 2020a). The significative increase in
the glucose levels was also shown in in vitro bovine and
dogs’ tests an in in vivo tests of dogs with lipemic serums
(Jacobs et al. 1992; Oliveira et al. 2020a). The observed
alterations are probably a result of the direct interference
of the turbidity of the sample caused by lipemia, which
increases the light absorption and promotes a false eleva-
tion in biochemical endpoint determinations (Jacobs et al.
1992; Johnson 2005).

Creatinine levels reduced with both infusion rates, being
more evident in the rate of 0.8 mg/kg/minute. While Jacobs
et al. (1992) and Calmarza and Cordeiro (2011) also related
a reduction of the serum levels of creatinine, Oliveira et al.
(2020a) did not observe relevant alterations of this substance
in canine lipemic samples. The final values observed in the
present study were higher than baseline, but still below the
ones referenced in the species (Meyer & Harvey 2004). The
amount of creatinine depends on the muscle mass and its
reduction may be related to muscle loss, so it is relevant
to correlate it with urea (Mobhri et al. 2007). In the present
study, urea was not affected by the different infusion rates
nor lipemia, similarly to what happens with lipemia in dogs
(Oliveira et al. 2020a) and bovines (Jacobs et al. 1992). Con-
sidering that there was no alteration in the measurement of
urea, it is possible that the observed alterations in creatinine
levels are related to different concentrations of triglycerides,
induced by propofol emulsion.

AST activity increased in both infusion rates, but did not
present clinical significance because remained within nor-
mal for the species (Meyer & Harvey, 2004). This increase in
enzyme activity is compatible with the ones found in lipemic
bovine serum tests (Jacobs et al. 1992) and lipemic serum
in dogs (Oliveira et al., 2020a). In contrast, GGT activity
significantly reduced under the infusion rate of 0.8 mg/kg/
minute, while other studies did not observe alterations on
GGT activity (Jacobs et al. 1992; Calmarza and Cordero
2011), others have observed a significant interference and
an enzyme activity increase proportional to the lipemia level
(Oliveira et al., 2020a). In vitro lipemia underestimates GGT
high levels and overestimates its low levels (Likhodii et al.
2007), which explains the divergences among different stud-
ies. Because of that, it is possible to confirm that the light

absorption increase, caused by lipemia, is capable of inter-
fering in the enzyme detection.

Uric acid levels increased significantly in both infusion
rates, however the increase was more noticeable in the infu-
sion rate of 0.8 mg/kg/minute for presenting a significant
difference if compared to the rate of 0.6 mg/kg/minute. Cal-
marza and Cordero (2011) found a little significant reduction
in the amount of urate in the in vivo lipemic samples, while
Bonatto et al. (2021) and Likhodii et al. (2007) observed
that in vitro lipemia tends to overestimate urate levels. It
would be expected that there was an increase of uric acid
levels due to propofol antioxidant action (Murphy et al.
1992). Plasma concentration of uric acid is 10 times big-
ger than other non-enzymatic antioxidants, which makes it
constitute approximately 33.1% of the TAC (Erel 2004). So,
the measurement of uric acid is important because of the
great participation of this substance in the composition of
the TAC and its increase could contribute with the propofol
antioxidant action described in literature.

Supporting this result, the TAC increased in both rates,
nevertheless the infusion rate of 0.8 mg/kg/minute showed
a worse performance if compared to the infusion rate of
0.6. Erbas et al. (2015) also observed a statistically relevant
increase of the TAC in post-operatory dogs kept under con-
tinuous propofol infusion in increasing dosages up to the
6 mg/kg/minute rate. Braz et al. (2015) showed that the anes-
thesia maintenance with propofol in the concentrations of
3.0 and 5.0 pg/mL raised the concentrations of antioxidant
components such as uric acid and y-tocopherol and, conse-
quently, elevated the TAC. Additionally, during in vitro tests
done in multiple healthy mice tissues, propofol improves
antioxidant capacity through the increase of the glutathione
system (De La Cruz et al. 1998a). The measurement of the
TAC is a cheaper, easier and more sensitive technique to
evaluate the antioxidant capacity (Erel 2004), however,
there is no individual analysis in the antioxidant system’s
components.

Even with an increased TAC, there was an increase of
TOC in the infusion rate of 0.8 mg/kg/minute. Braz et al.
(2015) observed that propofol did not induce oxidative dam-
age in DNA and Erbas et al. (2015) concluded that the total
oxidative state was smaller, despite not being statistically
relevant, in comparison to the baseline of the dogs kept
under anesthesia with continuous infusion of propofol. As
lipemia effect over the TOC was not yet determined, espe-
cially in bovines, there is no way to affirm that such effect
occurs because of oxidation or if it is influenced by the spec-
trophotometric measurement.

However, considering that lipid peroxidation can be
a consequence of the increased amount of oxidative sub-
stances and that a lipid peroxidation increase was observed
in both infusion dosages, being more evident in the infusion
rate of 0.8 mg/kg/minute, we cannot discard the possibility
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of an anesthesia contribution to oxidative stress in calves,
even with an increased TAC. De La Cruz et al. (1998a)
emphasized a dose-dependent inhibition of TBARS forma-
tion by in in vitro propofol studies. Additionally, De La Cruz
et al. (1998b) noticed that in vitro propofol promoted a 47%
reduction in the TBARS levels in mice brains that suffered
from anoxia and reoxygenation injuries. It is also important
not to discard the possibility of lipemia interference over the
determination of lipid peroxidation. Such a marker has an
ideal absorbance in 545 nm (Hunter et al. 1985) and, accord-
ing to Nikolac (2014), lipoproteins effectively affect methods
that utilize waves in the lengths between 300 and 700 nm.
Because of that, it is necessary to also consider the lipemia
influence over the increase of TBARS levels.

As limitations of the study, the absence of randomization
for the choice of the infusion rate and the short time interval
between the two anesthetic procedures can be mentioned.
The main hematological changes observed occurred at the
infusion rate of 0.6 mg/kg/minute and considering that these
animals were not used to the type of handling and contain-
ment employed, it is possible to assume that such changes
may be also due to excitation or stress and that they are not
exclusively caused by the propofol, as there was no dose
dependent outcome. Further studies could help to identify
changes resulting from propofol or other conditions, such as
those induced by handling animals. Another important factor
to be considered and which has been extensively discussed
is the interference that propofol-induced lipemia can cause
in biochemical analyzes, which could also alter oxidative
stress parameters (Bonatto et al. 2021). As this influence of
lipemia could not be avoided, even these analyzes must be
interpreted with caution.

Conclusion

Anesthesia maintenance with propofol caused discreet
alterations on CBC and biochemical parameters in calves,
in addition to inducing the increase of the TAC with
an increase in uric acid levels. When put together, such
effects confirmed the safety of this drug in anesthesia and
maintenance of calves.
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