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Abstract: During late gestation and early lactation, many proliferative processes and metabolic
adaptions are involved in homeorhesis. An adjusted supply of oxygen is a precondition for an opti-
mized cellular energy metabolism whereby erythrocytes play a central role. Endogenous L-carnitine
modulates the mitochondrial fatty acid utilization for generating adenosine triphosphate (ATP). As it
might be insufficient around calving due to increased need, L-carnitine supplementation is frequently
recommended. Thus, the present study addressed the interplay between the red hemogram, platelets,
oxidative stress indices, and L-carnitine supplementation of dairy cows around calving. German
Holstein cows were assigned to a control (n = 30) and an L-carnitine group (n = 29, 25 g of rumen-
protected L-carnitine per cow and per day), and blood samples were taken from day 42 ante partum
(ap) until day 110 postpartum (pp), with a higher sampling frequency during the first three days pp.
The time courses of the erythrogram parameters reflected the physiological adaptations to the oxygen
need without being influenced by L-carnitine supplementation. Erythrocytic antioxidative enzymatic
defence paralleled the relative development of polycythemia ap, while non-enzymatic total plasma
antioxidative capacity continuously increased pp. In contrast to erythrocytes, the platelet counts of
the L-carnitine supplemented cows varied at significantly higher levels. This can be interpreted as a
result of a membrane-stabilizing effect of L-carnitine.
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1. Introduction

The transition phase of the cow constitutes a special feature of the production cycle [1,2].
This time is defined as the period from three weeks before until three weeks after calving, and
it is metabolically and physiologically challenging for dairy cows [3]. The associated changes
are reflected in hormonal, immunological, and hematological status [1,4]. Furthermore,
hematological alterations are a part of these adaptations. Interestingly, although the platelets
(PLTs) and the erythrogram are also part of a complete hematological profile, they have not
been the focus of earlier studies.

Erythrocytes (RBCs) represent the most abundant population of blood cells and are
crucial for body homeostasis. RBCs contain no nucleus and no mitochondria, and have a
purely anaerobic energy metabolism [5,6]. Their primary task is the transport of oxygen.
To this end, they consist mainly of the iron-containing protein hemoglobin (HGB) [7], and
have a special membrane composition. As oxygen-transporting cells, RBCs are consequently
exposed to oxidative stress. In order to still maintain their functionality, RBCs possess a
highly efficient antioxidant system involving enzymes, such as superoxide dismutase (SOD)
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and glutathione peroxidase (GPx). PLTs are dynamic blood particles whose primary function
is hemostasis and the control of bleeding [8], which is of special importance immediately
after delivering the calf. Furthermore, the PLTs contribute to inflammatory processes,
microbial host defense, wound healing, angiogenesis, and remodeling [8]. Mean platelet
volume (MPV) and plateletcrit (PCT), the indices of PLTs, are biomarkers for the change
of platelets in form and activation [8–10]. PLTs are able to intrinsically produce oxygen
radicals, which are likely to play an important role in the mechanism of PLT activation [11].
To control the oxidative stress, PLTs also have a number of antioxidant defenses, like SOD
or GPx. In the time of parturition, which goes along with increased inflammatory processes,
the enhanced production of ROS produces increased oxidative stress [12,13].

Besides the oxygen supplied by RBCs, further factors are necessary and need to be
adjusted to the actual requirements for generating energy. In particular, an up-regulation
of bovine hepatic genes involved in carnitine synthesis and L-carnitine uptake was demon-
strated within the first week after calving [14], and might indicate a critical time frame
for energy metabolism. L-carnitine plays a major role in the cycle of energy production in
the mitochondria by transporting activated long-chain fatty acids through the inner mito-
chondrial membrane into the mitochondrial matrix, where β-oxidation takes place [14,15].
L-carnitine is also involved in the regeneration of acetyl coenzyme A [16]. It is able to pro-
tect the antioxidant enzymes from further peroxidative damage [16]. With its derivatives,
e.g., acetyl-L-carnitine, it is able to protect cell membranes from ROS-induced damage [16].
Furthermore, L-carnitine can stabilize membranes and prevent lipid oxidation, which was
detected in in vitro and in vivo experiments for the RBCs and PLTs [17–20].

Because the antioxidant supply decreases around parturition due to reduced feed
intake and lactation, a dietary supply with L-carnitine could help to improve the oxidative
situation [21,22], with possible consequences for hematological traits.

Hence, the aim of the study was to clarify the hypothesis that the RBCs, PLTs, and
related indices of dairy cows are differently affected by L-carnitine supplementation over
the transition period, with a special focus on parturition.

2. Materials and Methods
2.1. Animal Experiment and Design

The experiment was performed at the experimental station of the Institute of Animal
Nutrition, Friedrich-Loeffler-Institut (FLI), Braunschweig, Germany, in accordance with
the German Animal Welfare Act concerning the protection of experimental animals, and
was approved by Lower Saxony State Office for Consumer Protection and Food Safety
(LAVES, Oldenburg, Germany) (AZ33.19-42502-04-16/2378). A detailed description of
the experimental design was given in Meyer et al. [23]. In brief, 59 pluriparous and clini-
cally healthy German Holstein dairy cows were equally allocated, based on body weight
(568–1008 kg), body condition score (2.5–4.75), and number of lactations (2–5 lactations),
to one of two feeding groups, a control (CON, n = 30) and an L-carnitine supplemented
group (CAR, n = 29). The experiment started 42 days (d) before anticipated parturition and
ended at d 110 in milk. Both groups were fed with a partial mixed ration diet (PMR), with
or without a supplementation of 125 g of rumen-protected L-carnitine product (Carneon
20 Rumin-Pro, Kaesler Nutrition GmbH, Cuxhaven, Germany), corresponding to a daily
L-carnitine intake of 25 g per cow and per day. For all cows, the composition of roughage
remained unchanged during the experiment (70% maize silage, 30% grass silage). From
42 d ap until one d after parturition, the animals received a PMR of 80% roughage and 20%
concentrate. After parturition, the concentrate was increased up to 50% within 14 d. There-
after, the PMR diets were based on the recommendation of nutrient and energy supply of
the Society of Nutrition Physiology (GfE). PMR was offered by feed-weigh troughs (RIC,
System Insentec B.V., Marknesse, The Netherlands), while the pelleted concentrate was
administered by concentrate feeding stations (Insentec B.V., Marknesse, The Netherlands).
The individual water and feed intake were continuously recorded automatically using an
ear tag detection system and were described in more details by Meyer et al. [23]. In order to
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ensure the individual L-carnitine intake, it was included in the feed concentrate. To balance
the fat content of the L-carnitine product, CON obtained a fat product (BergerFat F-100 HP,
Berg+Schmidt GmbH & Co. KG, Hamburg, Germany), which is equivalent to that used for
the rumen protection of the L-carnitine. Water was offered ad libitum.

2.2. Sample Collection

Blood from Vena jugularis externa was collected into ethylenediaminetetraacetic acid
(EDTA) containing serum tubes at d 42, 14, 7, 3, and 1 before calving and d 7, 14, 21, 28, 42,
56, 100, and 110 after parturition. Additionally, blood samples were taken 0.5, 1, 2, 3, 4, 6, 9,
12, 24, 48, and 72 h after parturition, whereby samples were collected via an indwelling
catheter (Vena jugularis externa) within the first 12 h pp. All blood samples were processed
within 2 h after collection.

2.3. Laboratory Methods
2.3.1. Hematology

Hematological measurements were performed in whole blood (10 mL EDTA tubes,
SARSTEDT AG & Co. KG, Nümbrecht, Germany) using the automated analyzer Celltac-α
(MEK 6450, Nihon Kohden, Qinlab Diagnostik, Weichs, Germany). The red blood cell
count included: erythrocyte count (RBC), hematocrit (HCT), hemoglobin concentration
(HGB), mean corpuscular volume (MCV), mean corpuscular hemoglobin (MCH), mean
corpuscular hemoglobin concentration (MCHC), and red cell distribution width (RDW).
The platelet related parameters included: platelet count (PLT), plateletcrit (PCT), mean
platelet volume (MPV), and platelet distribution width (PDW).

Hemoglobin derivatives oxyhemoglobin (oxy-HGB), carboxyhemoglobin (carboxy-
HGB), methemoglobin (met-HGB), and deoxyhemoglobin (deoxy-HGB) were determined
in heparinized blood (2 mL syringe, Werfen, Kirchheim, Germany). Immediately after,
the sampling measurement was performed using an automated blood gas analyzer (GEM
Premier 4000, Werfen, Kirchheim, Germany).

2.3.2. Antioxidant Enzyme Activities

Glutathione peroxidase (GPx) and superoxide dismutase (SOD) activities were mea-
sured in erythrocyte lysate. For this purpose, 2 mL of EDTA blood were mixed with 10 mL
of cold distilled water and centrifuged (10 min, 10,000× g, 4 ◦C). The resulting supernatant
was stored at −80 ◦C until further analysis. HGB concentration in erythrocyte lysate was
determined using an automatic analyzer (Celltac-α MEK 6450, Nihon Kohden, Qinlab
Diagnostik, Weichs, Germany).

GPx activity was measured with a commercial Ransel glutathione peroxidase assay
(Randox Laboratories, Crumlin, UK) based on the method of Paglia and Valentine [24].
Measurements were performed in duplicate according to the manufacturer’s protocol;
however, volumes were adjusted to fit a 96-well format. The decrease in NADPH was
analyzed by measuring the absorbance at 340 nm and 37 ◦C at two time points in the
reaction’s linear range on a TECAN infinite M200 plate reader (Tecan Infinite® 200, Tecan
Group Ltd., Männedorf, Switzerland). Activity of SOD was identified using a commercial
Ransod superoxide dismutase assay (Randox Laboratories, Crumlin, UK) in duplicate.
The assay was conducted according to the manufacturer’s protocol; however, these volumes
were also adjusted correspondingly to fit a 96-well format. The activity of GPx as well as
SOD was expressed as U per grams of HGB.

2.3.3. Ferric Reducing Ability of Plasma (FRAP)

The ferric reducing ability was measured in plasma in duplicates. For this, EDTA
blood was centrifuged at 1950× g for 15 min and the top layer, representing the plasma,
was stored at −80 ◦C until analysis.

The ferric reducing ability of plasma (FRAP) was measured according to the method
of Benzie and Strain [25], with some in-house modifications relating to sample volume
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and dilution using a 96-well format. The reduction of ferric to ferrous ion at low pH
by non-enzymatic antioxidants in blood formed a blue colored ferrous-tripyridyltriazine
complex. Change in absorbance was measured after 15 min of incubation (37 ◦C) at 593 nm
using a plate reader (Tecan Infinite® 200, Tecan Group Ltd., Männedorf, Switzerland).
A calibration curve of Fe2+ was prepared and used for calculation. Results are expressed
as µM.

2.3.4. Derivatives of Reactive Oxygen Metabolites (dROM)

The amount of free oxygen radicals in plasma samples was determined by measuring
the concentrations of derivatives of reactive oxygen metabolites (dROMs), using a colori-
metric assay according to the method of Regenhard et al. [26]. To this end, heparinized
blood was centrifuged at 1950× g for 15 min. The examination was then done in triplicate.
Samples were incubated in 10 µL volumes together with 10 µL of chromogen (0.37 M
N,N-Diethyl-1,4phenylendiammomiumsulphate, Merck, Darmstadt, Germany), 10 µL of
6 mM FeSO4 (VWR International, Radnor, PA, USA), and 970 µL of acetate buffer (0.01 M,
pH 5.0, AppliChem, Darmstadt, Germany) for 120 min at 37 ◦C. Standard H2O2 was used
instead of 10 µL sample volume, and for the generation of a standard curve in a range of
0.4 µg/mL (0.013 mM) to 4 µg/mL (0.13 mM) of H2O2. After cooling for 10 min in an ice
bath, the absorption was determined with a plate reader (Tecan Infinite® 200, Tecan Group
Ltd., Männedorf, Switzerland) at 505 nm. Results are expressed as mM.

2.4. Statistical Analysis

Statistical analysis was performed using the PROC MIXED procedure of the SAS soft-
ware package (Version 9.4, SAS Institute Inc., Cary, NC, USA) with the restricted maximum
likelihood method. The model included group (G; CON or CAR), time (T; experimental day
relative to parturition), and the interaction between G x T as fixed effects. The values from
d 42 ap were considered as co-variates. Variance components were used as the covariance
structure, since they exhibited the lowest Akaike information criterion (AICC). Statistical
differences were declared significant at p ≤ 0.05. Additionally, differences of means were
considered to be significant at p-values ≤ 0.05 using Tukey’s adjusted t-test. All results were
presented as least square (LS) means and pooled standard errors (PSE) were stated.

3. Results
3.1. Erythrogram

All variables of the erythrogram changed over time (pT < 0.001), but were unaffected
by group or by any interaction.

RBCs (Figure 1a) showed a constant increase by 13% from d 42 ap, peaking significantly
at 4 h pp and decreasing thereafter until d 21 pp where it reached lower levels than initially.
It then remained constant until d 110 pp. The HCT (Figure 1b) increased consistently
from the beginning of the trial and peaked significantly 4 h pp. Thereafter, it decreased
until the end of the trial and fell below the initial level on 42 d pp. The RDW (Figure 1c)
increased significantly from d 42 ap up to d 14 ap. It remained at this level until d 56 pp.
Afterwards, it decreased significantly until d 110 pp. The MCV (Figure 1d) increased by
4% from d 42 ap until 0.5 h pp, where it reached a plateau and remained constant until
d 14 pp. After d 14 pp, it declined until the end of the trial. The MCH (Figure 1e) remained
on the initial level up to 72 h pp and rose significantly between d 3 and 7 pp by 3%. After
28 d pp, it decreased until d 100 pp. The MCHC (Figure 1f) decreased by 5% from d 42 ap
until 2 h pp. Then it remained at the same level until 72 h pp. Subsequently, it started to
increase by 5% at 7 d pp, and remained thereafter on this level until d 110 pp.
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Figure 1. Effects of dietary L-carnitine on erythrogram of dairy cows fed a diet supplemented either with (CAR) or without
(CON) L-carnitine from six weeks before until 15 weeks after calving. (a) Total erythrocyte count (RBC). (b) Hematocrit
(HCT). (c) Red blood cell distribution width (RDW). (d) Mean corpuscular volume (MCV). (e) Mean corpuscular hemoglobin
(MCH). (f) Mean corpuscular hemoglobin concentration (MCHC). Data are shown as least square means. 1 Pooled standard
error. Bold p-values indicate significant values.

3.2. Platelets

The PLT, PCT, and MPV showed significant interaction between group and time
(pGxT < 0.001), whereas the PDW was unaffected by time, group, or their interaction.

The PLTs (Figure 2a) of both groups remained on the initial level until 1 d ap. Af-
terwards, the number of PLTs in CON increased by 11% within 24 h before calving to
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0.5 h pp. The number of PLTs of CAR increased by 13% from d 3 ap until 0.5 h pp. CON
remained on this level until d 7 pp, and increased thereafter significantly by 25% until
d 21 pp. CAR remained on its initial level until d 21 pp and then increased by 13% until
d 28 pp. Afterwards, both groups decreased until the end of the trial. In both groups, PCT
(Figure 2b) remained on the initial level until 7 d pp. From d 7 pp onwards, CON increased
by 30% until d 21 pp, and CAR by 23% until d 28 pp. PCT decreased subsequently in both
groups until the end of the trial. The MPV (Figure 2c) fluctuated over time and showed
a significant interaction between group and time based on a crossover interaction of the
course of both groups over time.
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Figure 2. Effects of dietary L-carnitine on platelet count and platelet-related parameters in dairy cows starting six weeks
before until 15 weeks after calving. (a) Platelet count (PLT). (b) Plateletcrit (PCT). (c) Mean platelet volume (MPV).
(d) Platelet distribution width (PDW). Data are shown as least square means. 1 Pooled standard error. Bold p-values indicate
significant values.

3.3. Hemoglobin and Derivatives of Hemoglobin

HGB and its derivatives were all affected by time (pT < 0.001), except carboxy-HGB
and met-HGB, which were neither influenced by group nor time, or the interaction of these
two factors.

The percentage of HGB (Figure 3a) increased consistently from the beginning of the
trial and peaked significantly 4 h pp. Thereafter, it decreased until the end of the trial and
fell below the initial level after 42 d pp. Oxy-HGB (Figure 3b) increased by 12% from d 7 ap
until 1 h pp and remained unchanged until 72 h pp. Afterwards, it steadily decreased until
the end of the trial. Deoxy-HGB (Figure 3c) decreased significantly by 6% from d 7 ap to
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1 h pp and remained on the same level until 72 h pp. This was followed by a significant
increase by 13% until the end of the experimental period.
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(Oxy-HGB). (c) Carboxyhemoglobin (Carboxy-HGB). (d) Deoxyhemoglobin (Deoxy-HGB). (e) Methemoglobin (Met-HGB).
Data are shown as least square means. 1 Pooled standard error. Bold p-values indicate significant values.

3.4. Indicators for the Oxidative and Antioxidative Status

All antioxidant enzymes changed over time (pT < 0.001), but were unaffected by group
or by the interaction of time and group.

SOD activity (Figure 4a) increased in both groups by 29% from d 42 ap until one d
before calving. After calving, the enzyme activity decreased and remained on this lower
level until d 56. Activity of GPx (Figure 4b) increased by 22% from d 42 ap to d 14 ap and
remained unchanged until d 1 ap. Directly after calving (0.5 h pp), GPx activity was 31%
lower than on d 1 ap and remained on this level until d 110 pp. FRAP (Figure 4c) remained
on the initial level until d 14 pp. After d 14 pp, it increased by 36% until the end of the
trial. dROM (Figure 4d) remained on the initial level until 9 h pp and increased thereafter
by 27% until d 14 pp. From d 14 pp, it decreased significantly by 25% until d 100 pp and
remained on this level until the end of the trial.
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induction of the hypoxia-inducible factor 1 (HIF), a transcription factor that is involved in 
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Figure 4. Effects of dietary L-carnitine on indicators for the oxidative and antioxidative status in dairy cows fed diet
supplemented with (CAR) or without (CON) L-carnitine from six weeks before until 15 weeks after calving. (a) Erythrocytic
superoxide dismutase (SOD) measured in erythrocyte lysate. (b) Erythrocytic glutathione peroxidase (GPx) measured in
erythrocyte lysate. (c) Ferric reducing ability of plasma (FRAP). (d) Derivatives of reactive oxygen metabolites (dROM)
measured in plasma. Data are shown as least square means. 1 Pooled standard error. Bold p-values indicate significant values.

4. Discussion

Placentation, fetal development, mammogenesis, lactogenesis, and galactopoiesis are
physiological processes which are characterized, amongst others, by cell proliferation and
tissue expansion [27], which also requires angiogenesis in order to enable erythrocytes
to deliver oxygen for generating the necessary energy. Increasing oxygen demand of the
uterus and fetus, particularly during the last trimester of gestation, and of the mammary
gland throughout lactogenesis and galactopoiesis, can be met by an increased blood flow
and an enhanced oxygen transport capacity. Augmented blood flow can be managed via
an adjustment of the cardiac output as a result of an increased respiratory activity. During
this process of adaptation, both local and systemic hypoxia emerges, which triggers the
induction of the hypoxia-inducible factor 1 (HIF), a transcription factor that is involved in
the regulation of a number of cellular processes. Amongst others, HIF triggers angiogenesis
and erythropoiesis through induction of erythropoietin (EPO), which in turn acts on bone
marrow to release progenitors of RBC [28–31]. Mammary blood flow correlates positively
with mammary oxygen uptake and with milk yield in goats and cows [32,33]. Moreover,
oxygen consumption by portal-drained viscera and by the liver rises at the beginning of
lactation aimed at supporting the generally upregulated nutrient and energy metabolism
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in this period and particularly of gluconeogenesis as a precondition for lactose and milk
synthesis [34].

The specific role of L-carnitine in this process becomes obvious considering that
the increased oxygen supply to tissues requires an upregulated and optimized cellular
metabolism to generate ATP. On one hand, L-carnitine contributes to an effective fatty acid
utilization, and on the other hand, it functions as an antioxidant, which is important in
the view that increased cellular oxygen utilization also triggers ROS formation. Previous
results demonstrated that a supplementation of 25 g of rumen-protected L-carnitine per
cow and per d resulted in an efficiently increased L-carnitine level in blood, higher milk
yield in early lactation, and higher milk fat percentages in the first week of lactation [23].
However, the additive failed to support the cows’ recovery from parturition and to improve
the energy status pp. Although the gross energy metabolism of the cows remained nearly
uninfluenced [23], the questions to be answered by the present investigations were whether
the putative homeorhetic adaptations of erythrocytes and PLT were modified by L-carnitine
addition and whether they were paralleled by systematic adjustments of oxidative and
antioxidative status.

Temporal progression of almost all presented indices of the erythrogram illustrated
adaptive processes before and directly pp and in a long-term course without any effect of
L-carnitine supplementation.

In particular, besides erythrocytes, all other variables of the erythrogram showed
higher values seven weeks prior to calving when compared to d 110 in milk, suggest-
ing an already upregulated erythropoiesis at this particular stage of fetal development.
The further increase in these variables excepting MCHC until or shortly after parturition
supported the discussed view that late exponential fetal development and mammoge-
nesis triggered erythropoiesis through local oxygen deficiency induced HIF and EPO
expression. The increase in RDW in this time period further supported the view of a
stimulated erythropoiesis, which was reflected by a peripheral increase in erythrocyte size
variation, also known as anisocytosis. Based on the stronger increase in HCT compared
to RBC, the volume of individual erythrocytes (MCV) markedly increased, which might
also have contributed to the increased RDW. At the same time, the HGB content of in-
dividual erythrocytes (MCH) remained constant, whereby the concurrent decline in the
HGB concentration in erythrocytes (MCHC) becomes explainable. Taking the ap period
collectively, a relative polycythemia developed in this time, which was paralleled by a
relative macrocytosis, along with an increasing capacity of HGB for binding oxygen. All of
these events seemed to be directed to supporting the increasing needs for oxygen without
any impact of supplemented L-carnitine.

Related to calving itself, Moretti et al. [35] and Tharwat et al. [36] described that
RBC, HGB, and HCT increased to a maximum level within 12 h pp. Olmos et al. [37]
reported about the highest level of RBC in dairy cows between 0–5 d pp without exact
specification of time related to calving. The maximum HGB concentrations were described
within the first hours after parturition [35,37,38]. A similar progression could be detected
in the current trial for RBC, HGB, and HCT. Due to a more frequent sampling compared
to the cited studies, we demonstrated clear kinetics of hematological parameters related
to parturition. The detection of maximum levels a few hours after calving for several
parameters of the erythrogram could mark the end of their rise as discussed for the late
gestation and the instant effects of parturition. Delivery is associated with immediate and
marked effects on water and electrolyte balance of the cow, which could adulterate blood
concentration profiles.

Although water intake could not be recorded around calving, it was obvious that
cows reduced it as a typical reaction to birth [35,39,40]. This leads to a higher concentra-
tion of the blood cells and a seemingly increased number of erythrocytes. Furthermore,
Chandra et al. [41] described that the plasma volume in humans decreased due to diuresis
after parturition. The sudden drop in plasma volume might cause an apparent increase of
RBC, HGB, and HCT.
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Besides supporting late fetal development and mammogenesis, the higher RBC at
parturition assists the increased oxygen demand caused by the enhanced physical exertion
during birth [42]. This view was supported by the increased respiration rate of the cows
examined in the present study before calving [23]. In this context, the degree of HGB
oxygenation and deoxygenation reached the maximum and minimum values, respectively.
Oxygenated HGB tended to increase the rate of HGB autoxidation [43], and in parallel
increase the affinity of partially oxygenated HGB for the RBC membrane. This could lead to
an increased ROS formation at the membrane, resulting in peroxidative damaging [44] and
consequently in a compromised erythrocyte functionality. To prevent damage, erythrocytes
express, amongst others, SOD and GPx, which were upregulated prior to calving and
paralleled by the increases in RBC and related parameters observed during this time. After
calving, the levels of both enzymes declined rapidly to those observed at the beginning
and at the end of the observation period (i.e., d 42 ap and d 110 pp in milk), suggesting that
late fetal development and parturition induced a more pronounced erythrocytic oxidative
stress when compared to the pp period [45]. A similar progression of antioxidant enzymes
during the transition period of dairy cows has been described in previous studies [2,46],
while Gaál et al. [47] documented an increase of SOD activity after calving. Compared to
the defense system of the erythrocytes using antioxidative enzymes, the overall plasmatic
non-enzymatic antioxidative capacity, measured as FRAP, indicated an increase within
the first d pp. The reason for this could be the increase in feed intake pp, as reported by
Meyer et al. [23], which could lead to a better antioxidant supply. As an equivalent for
reactive oxidative metabolites, the dROM was used in the present study, which increased
simultaneously with FRAP. Urh et al. [48] also described an increase in dROM values within
the first d pp and a decrease thereafter. This could be related to the increased feed intake
after parturition. L-carnitine is described to protect the endogenous antioxidant defense
system, including GPx and SOD, in human hepatocytes under cytotoxic conditions [49,50].
In a human clinical trial, Lee et al. [51] demonstrated that dietary L-carnitine (1000 mg/d
for 12 weeks) reduced the oxidative stress and increased the antioxidant enzyme activities
significantly in patients with cardiovascular diseases, and Thangasamy et al. [52] described
antioxidant effects of L-carnitine in aged rats. Little is known about the effect of L-carnitine
administration on antioxidative systems in periparturient cows. However, the present
study did not suggest modifying effects of L-carnitine supplementation under the tested
conditions. Considering a close association between oxidative stress and membrane stabil-
ity of erythrocytes might explain the failure of L-carnitine to influence the erythrogram.
Similarly, Strasser et al. [12], Uluisik et al. [20], and Asadi et al. [53] could not detect an
impact of a dietary L-carnitine supplementation on RBC, HGB, MCV, MCH, and MCHC in
rats (150 and 75 mg L-carnitine/kg body weight dissolved in drinking water) and broilers
(200 mg L-carnitine/kg body weight). On the other hand, HCT levels in humans were
found to be increased by L-carnitine supplementation, which positively influenced lipids
of the cell membrane of erythrocytes, which could thereby be stabilized [54]. It has been
suggested by in vitro studies that increased membrane stability was due to interactions of
L-carnitine with the proteins of the cytoskeletal structures, and that L-carnitine affected the
lipid and protein composition of biological membranes [6,55]. Further studies showed that
clustering of human erythrocytes caused by fibrinogen was inhibited by L-carnitine [6,56].
This effect has not yet been investigated in dairy cows.

In contrast to the erythrogram, PLT and related parameters were influenced by L-
carnitine supplementation. In general, the number of PLT and PCT increased during the
first few d after parturition, which was already described in other studies [37,57] and
discussed as a response to minor hemorrhaging caused by the calving. The higher concen-
tration of PLT in L-carnitine supplemented cows within the first 48 h after parturition might
be a hint of an improved membrane stability and, therefore, a reduced PLT destruction [12].
In in vitro studies with PLT, an improved membrane stability could be demonstrated after
L-carnitine supplementation [17]. Furthermore, in vitro studies using human PLT demon-
strated that L-carnitine addition interacted with arachidonic acid (AA) metabolism and
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incorporation into activated PLT [18,19]. It was shown that less AA was integrated into the
phospholipid membrane and consequently less ROS were produced. Moreover, NADPH
oxidases were inhibited [18]. However, the activity of the PLT in the current experiment
was determined indirectly via the PLT indices. The MPV is an indicator for a change in
form of PLT [8,58] and PDW is a more specific marker of PLT activation. In the current
study, the MPV did not change until three d pp and was unaffected by L-carnitine. PDW
remained unchanged over time and by L-carnitine supplementation. This might indicate
that the production and activity of PLT were unaffected and supports the hypothesis that
L-carnitine improved the membrane stability in these cells.

5. Conclusions

Dietary L-carnitine supplementation failed to modify the kinetics of the erythrogram
as well as related indices in the transition period of cows. The high frequency of blood
sampling during the first three d pp allowed for the observation of specific features of the
kinetics of platelets and of the erythrogram, as well as related indices in this period critical
for the later health of the cow.

The development of polycythemia ap appears to be triggered by the increased oxygen
need due to fetal development, mammogenesis, parturition, and onset of lactation. It might
be concluded that the endogenous synthesis of L-carnitine was sufficient for a physiological
erythropoiesis and erythrocyte functioning.

The ap observed increase in erythrocytic antioxidative enzymes paralleled the increase
in RBC without being influenced by L-carnitine supplementation. This further supports
the conclusion that endogenous L-carnitine was sufficient and/or that erythrocytes do not
rely on L-carnitine to the same extent as platelets. The results demonstrated that dietary
L-carnitine supplementation affected the PLT and related parameters. According to the
literature, this might be due to membrane stabilizing effects although these mechanisms
require further elucidation for Bovinae.
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