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Abstract: Previous in vitro studies the have suggested anti-inflammatory properties of caffeine.
Coffee is also rich in phenolic acids with several potential health benefits (chlorogenic acids), mainly
5-caffeoylquinic acid (5-CQA). The aim of the present study was to determine the effect of caffeine
and 5-CQA, using concentrations comparable to typical human consumption, on LPS-induced
cytokine production in whole blood in vitro cultures. Whole blood samples (n = 10) were stimulated
for 24 h with LPS in the presence of caffeine or 5-CQA. The concentrations of various cytokines,
malondialdehyde (MDA) and adenosine-3′,5′-cyclic monophosphate (cAMP) were determined in
the culture media. Significant effects of caffeine were found only for the stimulated production of
TNF-α (p = 0.014) and cAMP (p = 0.001). However, only the highest caffeine concentration (50 µM)
induced lower TNF-α (p = 0.016) and higher cAMP (p = 0.006) levels in comparison to the control. The
5-CQA only influenced the stimulated production of IL-6 (p = 0.002), with lower values for the highest
5-CQA concentrations (2 µM: p = 0.012; 20 µM: p < 0.001). Neither caffeine (p = 0.227) nor 5-CQA
(p = 0.259) influenced MDA concentrations. In conclusion, both caffeine and 5-CQA exerted limited
in vitro anti-inflammatory effects. For caffeine, these effects were attained with high physiological
concentrations. However, for 5-CQA, supraphysiological concentrations were needed.

Keywords: caffeine; chlorogenic acids; cytokines; LPS challenge; human blood cell culture

1. Introduction

Coffee is one of the most commonly consumed beverages in the world [1]. For
many populations, coffee is the major source of caffeine [1], the most widely consumed
psychostimulant [2]. However, coffee is also a very rich source of chlorogenic acids (CGAs),
naturally-produced phenolic acids that are derived from the esterification of cinnamic acids
and quinic acid [3]. The most abundant CGA in coffee is 5-caffeoylquinic acid (5-CQA),
which accounts for approximately 80% of the total CGA content [4]. Furthermore, coffee is
the main source of CGAs in the human diet, with less contribution provided from other
products such as tea and some fruits and vegetables [5].

It has been reported that a regular intake of coffee is associated with a reduced risk
of chronic diseases, such as type 2 diabetes [6,7], metabolic syndrome [8], cardiovascular
diseases [9,10], and cancer [10]. Furthermore, consumption of coffee has been recently
associated with lower all-cause cancer mortality [11]. Interestingly, some studies have
shown an anti-inflammatory effect of regular coffee consumption [12–15].
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Due to having antioxidant and anti-inflammatory properties, the health benefits of
coffee have been attributed, at least in part, to CGAs [3,14,16]. Studies testing the anti-
inflammatory activity of CGAs are scarce, but some have confirmed this anti-inflammatory
effect [3]. Two studies carried out with mouse macrophages demonstrated how the presence
of 5-CQA (the CGA most commonly tested), in cell culture suppressed the lipopolysac-
charide (LPS)-stimulated production of pro-inflammatory compounds [17,18]. On the
other hand, studies in animal models have shown that the administration of 5-CQA causes
suppresses in the circulating levels of pro-inflammatory cytokines [19–21]. However, no
studies using human cells, particularly blood cells, focused on to analyzing the possible
anti-inflammatory effect of chlorogenic acids currently exist in the literature. Furthermore,
in some studies, the 5-CQA concentrations used were in the µM range [17,18], whereas
concentrations observed in human plasma after coffee ingestion are typically in the nM
range [22]. Therefore, it would be of interest to analyze the anti-inflammatory effect of
5-CQA, as it is the most abundant CGA in coffee, using human blood cells stimulated with
LPS, a commonly used model.

However, the potential effects of caffeine should also be considered. Caffeine can
interact with almost all tissues in the organism, including the immune system [23]. In
this regard, a number of animal and in vitro studies have been focused on the effects
of caffeine on immune related parameters, such as tumor necrosis factor (TNF)-α and
antibody production, hypersensitivity and natural killer cell cytotoxicity, indicating an
anti-inflammatory role for caffeine [23]. As such, some studies have reported that caffeine
suppresses TNF-α production in vitro [24,25], but only when caffeine concentrations are
higher than the physiological ones.

Taking into account these considerations, the aim of the present study was to determine
the effect of caffeine and 5-CQA, using physiological concentrations comparable to typical
human consumption, on the LPS-induced cytokine production in whole blood in vitro
cultures. Due to the low concentrations tested, limited effects of caffeine and 5-CQA on
cytokine production are expected.

2. Materials and Methods
2.1. Study Participants

All of the participants were classified as healthy individuals recruited from the Uni-
versity of the Balearic Islands, Spain, and were aged 30–45 years. The exclusion criteria
included: common colds, flus (or similar diseases), infectious diseases, allergic episodes
and/or consumption of anti-inflammatory medication within the two weeks preceding the
study, and regular drugs or alcohol (more than one daily alcoholic drink in women and
two daily alcohol drinks in men) consumption. Informed written consent was obtained
from ten volunteers (five men and five women). All of the measurements and experiments
were completed for all of the participants, leading to the final number of ten participants.
This number of participants is similar and even higher than previously considered [24,25].
The protocol was performed in accordance with the Declaration of Helsinki for research on
human participants and was approved by the Balearic Islands Clinical Investigation Ethics
Committee (IB 3493/17 PI).

2.2. Laboratory Visit

After an overnight fast of approximately 12 h, the participants arrived at the laboratory
between 08:00 a.m. and 10:00 a.m. The volunteers were requested to abstain from any
caffeine-containing food and beverages for at least 24 h prior at arriving to the laboratory.
Each participant was required to void their bladder before body mass and stature were
recorded. Body mass was measured to the nearest 0.1 kg using an electronic scale (Seca
700, Seca GmbH, Hamburg, Germany) and stature was measured to the nearest 0.5 cm
using a stadiometer (Seca 220 (CM) Telescopic Height Rod for Column Scales, Seca GmbH,
Hamburg, Germany). Body mass index (BMI) was calculated as body mass (kg) divided
by stature (m) squared (kg·m−2). The participants then sat quietly for 10 min before a
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venous blood sample was taken. Whole blood venous samples were collected into suitable
Vacutainer® blood collection tubes with ethylenediaminetetraacetic acid (EDTA) or heparin
as an anticoagulant (BD, Madrid, Spain). The total blood volume was approximately 8 mL.
Leukocyte numbers were quantified using the EDTA blood sample with an automatic flow
cytometer analyzer (ABX Pentra 60, Horiba Medical, Montpellier, France). Blood EDTA
samples were then centrifuged at 1000× g for 10 min to extract the plasma. The plasma
was subsequently stored at −70 ◦C until subsequent analysis. Whole blood collected with
heparin was used for the subsequent blood culture in vitro experiments.

2.3. Plasma Caffeine Measurement

To ensure that no residual caffeine was present in the participants’ plasma samples,
caffeine levels were measured in the EDTA-plasma by a high-performance liquid chro-
matography (HPLC) method previously described [26]. Caffeine was undetectable in all of
the participants’ whole blood samples (n = 10).

2.4. Blood Culture, In Vitro Blood LPS Stimulation and Effects of Caffeine and 5-CQA

Whole heparin blood samples (n = 10) obtained by venepuncture were subsequently
diluted with a 1:3 ratio with culture media (RPMI-1640 Medium, Sigma, St. Louis, MO,
USA). The diluted whole blood was then pipetted into the wells of a sterile 12-well plate
(Sarstedt, Nümbrecht, Germany). To each well, 50 µL of either medium (control sample),
pharmaceutical grade caffeine powder (1,3,7-trimethylxanthine, dissolved in medium to
yield final concentrations in a culture of 5, 10, 15, 30, and 50 µM) or 5-CQA (dissolved
in medium to yield final concentrations in a culture of 5, 20, 200 nM, and 2 and 20 µM)
were added. For each experiment, caffeine and 5-CQA, a different set of controls was
applied. Following a 1 h incubation at 37 ◦C in a 5% CO2 atmosphere, a total of 50 µL
of LPS (Escherichia coli serotype 055:B5; Sigma, St. Louis, MO, USA; final concentration
10 ng/mL dissolved in culture media) or the same volume of culture media (spontaneous
production) were added to each well. Culture plates were then incubated for a further 24 h
at 37 ◦C in a 5% CO2 atmosphere. Immediately following incubation, the samples were
then centrifuged at 1000× g for 10 min to obtain the supernatants. The supernatant aliquots
were then stored at −70 ◦C until measurements were performed.

2.5. Cytokine Measurements in Cell Culture Supernatants

The concentrations of interleukin (IL)-6, IL-10, IL-12, IL-1β and TNF-α were deter-
mined in culture supernatants from both caffeine and 5-CQA experiments using commer-
cially available enzyme-linked immunosorbent assay (ELISA) kits (Invitrogen, Carlsbad,
CA, USA), with a spectrophotometric microplate reader (PowerWavei; BioTek, Winooski,
VT, USA). Blood monocyte numbers were used to normalize cytokine production (differ-
ence between cytokine concentration in stimulated and unstimulated cultures) on a per cell
basis [27].

2.6. Adenosine-3′,5′-Cyclic Monophosphate (cAMP) Measurement

In this case, cAMP concentrations were measured in culture supernatants from the caf-
feine treated samples using a commercially available ELISA kit (Arbor Assays, Eisenhower
Place Ann Arbor, MI, USA) with a spectrophotometric microplate reader (PowerWavei;
BioTek, Winooski, VT, USA). Here, cAMP concentrations in cultures were expressed as the
difference between concentrations in stimulated and unstimulated samples.

2.7. Malondialdehyde (MDA) Measurement

MDA was determined in culture supernatants following an adaptation of a previously
described HPLC method [28]. In this method, MDA was derivatized using 2-thiobarbituric
acid (TBA), leading to the formation of the fluorescent MDA–TBA complex. MDA culture
concentrations were expressed as the difference between the supernatant concentrations in
stimulated and unstimulated samples.
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2.8. Statistical Analysis

Statistical analysis was performed using IBM SPSS Statistics 27.0 software (SPSS/IBM,
Chicago, IL, USA). All of the data were normally distributed (Kolmogorov–Smirnov test)
and results were reported as arithmetic mean ± standard deviation (SD). General character-
istics of the participants were compared between sexes using a t-test for unpaired data. The
data were analyzed using the one-way analysis of variance (ANOVA). For any statistically
significant effects, post hoc comparisons were analyzed using the Dunnett’s two-tailed test,
with the control sample as the reference. Eta squared (η2) was determined as a measure of
effect size for the ANOVA. The statistical significance was set at p < 0.05.

3. Results
3.1. Characteristics of Participants in the Study

The general characteristics of the participants in the study, as a whole and stratified by
sex, are shown in Table 1. No differences were found between men and women in any of
the measured parameters (p > 0.05).

Table 1. General characteristics of participants in the study.

Parameter All
(n = 10)

Men
(n = 5)

Women
(n = 5) p Value

Age (years) 36.5 ± 6.5 35.8 ± 8.1 37.2 ± 5.3 0.754
Body mass (kg) 68.5 ± 11.6 70.6 ± 14.6 66.4 ± 9.0 0.599

Stature (cm) 169.7 ± 7.0 173.6 ± 5.7 165.8 ± 6.3 0.073
BMI (kg·m−2) 23.8 ± 3.4 23.3 ± 3.9 24.2 ± 3.3 0.722

Leukocytes (103·µL−1) 5.28 ± 1.07 5.34 ± 1.40 5.22 ± 0.78 0.871
Lymphocytes (103·µL−1) 1.53 ± 0.37 1.65 ± 0.39 1.41 ± 0.35 0.334

Monocytes (103·µL−1) 0.35 ± 0.13 0.38 ± 0.17 0.32 ± 0.07 0.495
Values are expressed as means ± SD.

3.2. Effects of Caffeine on Culture Cytokine, MDA and cAMP Concentrations

Significant effects of caffeine were found for TNF-α stimulated production (p = 0.014)
(Table 2). Caffeine induced lower TNF-α concentrations, with a significant decrease in
comparison to the control only for the highest (50 µM) caffeine concentration (p = 0.016).
Caffeine did not influence IL-10 (p = 0.208), IL-6 (p = 0.543), IL-12 (p = 0.700) nor IL-1β
(p = 0.501)—stimulated production. No effects of caffeine were observed for unstimulated
cytokine production (Table S1). Furthermore, caffeine did not influence MDA culture
concentrations (p = 0.227).

Table 2. Effects of caffeine on LPS-stimulated cytokine production and MDA concentration.

Caffeine Concentrations (µM) ANOVA

Control 5 10 15 30 50 p (η2)

IL-10 (pg·10−3 cells) 21.9 ± 3.4 22.1 ± 6.5 20.6 ± 3.9 22.7 ± 4.5 24.0 ± 4.9 24.6 ± 3.9 0.208 (0.137)
IL-6 (pg·10−3 cells) 385.2 ± 88.6 448.2 ± 96.3 451.5 ± 99.8 412.4 ± 82.5 440.6 ± 107 396.1 ± 93.6 0.543 (0.070)

TNF-α (pg·10−3 cells) 58.6 ± 10.4 57.5 ± 9.8 55.2 ± 9.4 49.2 ± 9.1 47.9 ± 8.3 45.1 ± 7.7 # 0.014 * (0.250)
IL-12 (pg·10−3 cells) 4.13 ± 0.84 4.50 ± 0.78 5.01 ± 0.11 4.91 ± 0.66 4.36 ± 0.8 4.50 ± 0.95 0.700 (0.053)
IL-1β (pg·10−3 cells) 17.2 ± 5.0 19.3 ± 6.0 18.2 ± 5.3 19.4 ± 4.8 16.8 ± 6.3 20.1 ± 5.1 0.501 (0.073)

MDA (nM) 0.62 ± 0.10 0.63 ± 0.12 0.72 ± 0.13 0.72 ± 0.12 0.62 ± 0.11 0.58 ± 0.11 0.227 (0.147)

Values are expressed as means ± SD and represents the percentage with respect to the control. * p < 0.05 indicates
significant differences (ANOVA one-way test). # Indicates significant differences vs. control. η2 value is provided
as a measure of effect size.

When the effect of caffeine on the stimulated cytokine production was analyzed in
samples stratified by sex, no significant effect was observed (results not shown).

Figure 1 shows cAMP culture concentrations expressed as the difference between the
concentrations in the stimulated and unstimulated samples. A significant effect of caffeine
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was found for supernatant cultured cAMP concentrations (p = 0.001, η2 = 0.354). However,
only the highest caffeine concentration had a significantly higher cAMP concentration in
comparison with the control (p = 0.006). For the remaining concentrations, no significant
differences were observed, with p-values ranging from 0.052 to 1.000.
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Figure 1. Effects of caffeine and LPS-stimulation on culture cAMP concentrations. Values are
expressed as means ± SD. # indicates significant differences vs. control. cAMP: Adenosine-
3′,5′-cyclic monophosphate.

3.3. Effects of 5-CQA on Culture Cytokine and MDA Concentrations

Table 3 shows the effect of the different concentrations of 5-CQA on cytokine-stimulated
production. 5-CQA significantly influenced the stimulated production of IL-6 (p = 0.002).
The 2 µM (p = 0.012) and 20 µM (p < 0.001) concentrations of 5-CQA induced significantly
lower IL-6 concentrations than in the control. However, no effects of 5-CQA were observed
on the stimulated production of IL-10 (p = 0.438), TNF-α (p = 0.068), IL-12 (p = 0.650) or
IL-1β (p = 0.571). No effects of 5-CQA were observed for unstimulated cytokine production
(Table S2). 5-CQA did not influence MDA culture concentrations (p = 0.259).

Table 3. Effects of 5-CQA on LPS-stimulated cytokine production and MDA concentration.

5-CQA Concentrations ANOVA

Control 5 nM 20 nM 200 nM 2 µM 20 µM p (η2)

IL-10 (pg·10−3 cells) 21.2 ± 4.5 20.8 ± 6.6 20.2 ± 5.7 19.2 ± 6.8 17.4 ± 6.2 17.8 ± 6.5 0.438 (0.083)
IL-6 (pg·10−3 cells) 385.2 ± 92.4 351.2 ± 83.1 326.5 ± 93.9 291.9 ± 86.1 252.0 ± 85.8 # 202.2 ± 82.5 # 0.002 * (0.286)

TNF-α (pg·10−3 cells) 58.2 ± 9.8 55.1 ± 10.1 55.4 ± 8.0 49.2 ± 9.9 46.9 ± 7.3 44.7 ± 8.5 0.068 (0.169)
IL-12 (pg·10−3 cells) 4.48 ± 0.10 4.22 ± 0.97 4.53 ± 0.12 4.24 ± 0.14 4.05 ± 0.98 3.75 ± 0.10 0.650 (0.058)
IL-1β (pg·10−3 cells) 16.2 ± 4.0 18.5 ± 5.0 17.8 ± 5.3 18.4 ± 5.8 15.8 ± 7.7 14.8 ± 5.7 0.571 (0.067)

MDA (nM) 0.61 ± 0.11 0.65 ± 0.14 0.70 ± 0.14 0.68 ± 0.14 0.70 ± 0.11 0.65 ± 0.10 0.259 (0.111)

Values are expressed as means± SD. * p < 0.05 indicates significant differences (ANOVA one-way test). # Indicates
significant differences vs. control. η2 value is provided as a measure of effect size.

When the influence of 5-CQA on the stimulated-cytokine production was analyzed in
samples stratified per sex, no significant effect was observed (results not shown).

4. Discussion

The current study determined the effect of physiological concentrations of caffeine
and 5-CQA on the LPS-induced cytokine production in whole blood cultures. The main
findings were that caffeine induces lower TNF-α in vitro concentrations. These effects were
observed for caffeine concentrations that can be attained after in ingestion of two to three
cups of coffee and suggest a limited anti-inflammatory effect of caffeine. On the other
hand, 5-CQA at physiological concentrations did not influence in vitro cytokine-stimulated
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production. This is the first known study using human blood-derived cells, to analyze the
anti-inflammatory effect of chlorogenic acid, 5-CQA.

A diluted whole-blood method was applied for the determination of cytokine-stimulated
production. When whole blood, rather than isolated cells, is used, the natural cell–cell
interactions are preserved avoiding artifacts from preparation, whereas the methods used
to isolate peripheral blood mononuclear cells modify the lymphocyte to monocyte ratio
and remove endogenous immunomodulators. Therefore, in vivo conditions are more ac-
curately represented using whole-blood culture methods [29]. In addition, physiological
concentrations of both caffeine and 5-CQA were used. In this regard, two studies per-
formed by our research group have shown plasma concentrations around 40–50 µM after
ingesting 6 mg caffeine/kg body weight [26,30], the caffeine content of three to four cups
of coffee. Furthermore, we found that plasma caffeine concentrations after ingesting one
cup of coffee are around 10 µM (unpublished results). These observations fit with results
reported by others, with peak concentrations of 1–10 µM after ingesting a cup of coffee, and
20–50 µM following the ingestion of two to three cups of coffee or an equivalent caffeine
amount [2,31,32]. These observations lead us to propose that caffeine concentrations higher
than 50 µM are not relevant and, therefore, we focused the present study on a range of
concentrations relevant to habitual levels of caffeine consumption (0–50 µM). Considering
the caffeine ingestion needed to achieve values close to 50 µM, these figures would not
be commonly attained. Regarding 5-CQA, concentrations around the ones observed in
plasma after coffee drinking, 5–12 nM [22], were tested. Furthermore, to allow the compari-
son with similar studies using much higher concentrations, values in the µM range were
also considered.

The results from the present study indicate an anti-inflammatory effect of caffeine,
characterized by a less pronounced production of in vitro pro-inflammatory TNF-α. Two
previous studies reported inhibitory effects of caffeine on stimulated in vitro TNF-α produc-
tion in whole blood cultures [24,25]. In the present study, the inhibitory effects of caffeine
were observed for the 50 µM concentration. Therefore, as has been indicated above, it is
unlikely that this effect could be observed commonly in vivo due to the high caffeine intake
required to achieve this concentration. Actually, in previous studies the inhibitory effect
of caffeine was observed for higher concentrations, 200 µg/mL (around 1 mM), which
supposes a concentration 20-fold higher than the highest concentration tested in the present
study, and also using S. pneumoniae rather than LPS as a stimulant [24], and 100 µM [25].
It is difficult to ascertain the reasons for the different caffeine concentrations required to
produce significant decreases in TNF-α production. In fact, the only differences that can be
surmised are methodological, such as different blood dilution, different LPS concentrations,
or blood donors as in the study from Horrigan, a low number (eight), only female partic-
ipants were considered. However, as observed in the present study, Horrigan et al. [25]
reported, albeit non-significant, a downward trend from the lower concentration tested
(10 µM). The results could not be considered essentially different because in the present
study, a non-significant downward trend from the lower concentration tested (10 µM) was
also observed. It is also noteworthy that a wide range of caffeine concentrations have
been suggested to inhibit TNF-α production when different cell cultures have been used.
In this sense, a study using human adipose tissue primary cultures, found an inhibitory
effect of caffeine on TNF-α spontaneous production with a caffeine concentration as low as
0.5 µM [33]. Less pronounced levels in TNF-α production have been attributed to increased
levels of the immunomodulator cAMP [34] and mediated by the cAMP/ protein kinase
A (PKA) pathway [25]. In this regard, a significant effect of caffeine increasing cAMP
concentration was observed, with significantly higher values for the highest caffeine con-
centration. It should be considered that in the present study cAMP levels were measured
only in supernatants; however, because of their intracellular role, the concentrations in
supernatants may not properly reflect intracellular cAMP concentrations.

Changes in cAMP concentrations in the presence of caffeine could be expected be-
cause caffeine, acting as an adenosine antagonist, influences cAMP concentrations. Fur-
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thermore, caffeine, as an inhibitor of cAMP-phosphodiesterase, induces higher cAMP
concentrations [23]. Actually, the anti-inflammatory effects of caffeine, at least in in vitro
studies, have been mainly attributed to the inhibition of cAMP-phosphodiesterase (PDE) [23]. It
is worth noting that a previous study reported a significant inhibition of PDE following a
coffee intervention, highlighting that this inhibition was not directly dependent on caffeine
consumption [35]. Therefore, while these authors recognized a role for caffeine, they con-
cluded that other components of coffee could play an important role in the modulation of
cAMP contributing to the potential health benefits of coffee [35]. In this regard, cAMP has
been reported to stimulate the synthesis of the anti-inflammatory IL-10 [34]. However, in
agreement with previous studies [24,25], no significant effects of caffeine were observed
on IL-10 concentrations. On the other hand, cAMP has been suggested to inhibit IL-12.
However, and in the same line as IL-10, no effect of caffeine was observed on IL-12 pro-
duction [24,25]. The mechanisms leading to the differential effect of caffeine on cytokine
production remains to be elucidated. However, similar effects have been reported for other
methylxanthines such as theophylline or pentoxifylline [24,36]. On the other hand, it was
shown in an animal model that adenosine receptor agonists increased LPS-induced plasma
IL-10 levels [37]. Therefore, it was suggested that although caffeine did not modify IL-10
and IL-12 production in vitro, these interleukins may be modulated in vivo by caffeine and
other adenosine receptor agonists [25].

Since oxidative stress is involved in pro-inflammatory cytokine production, mainly
through the activation of the redox-sensitive Nuclear Factor κB (NF-κB) [38,39], MDA
was measured in cell culture supernatants. However, no effect of caffeine or 5-CQA was
observed on MDA levels. Despite antioxidant effects having been attributed to caffeine [40],
this result is mainly relevant for the 5-CQA experiments. In this regard, chlorogenic acids
have been characterized as important antioxidants [3,41], exerting, among other effects, an
attenuation of NF-κB [17,18,42]. In agreement with this observation, two studies carried
out with mouse macrophages demonstrated how the presence of 5-CQA (the most used
CGA in studies), in cell culture with LPS-stimulation suppressed the expression of pro-
inflammatory compounds such as cyclooxygenase [18] as well as IL-1β, TNF-α and IL-6 [17].
In these studies, the lower pro-inflammatory expression was associated with attenuated
NF-κB [17,18]. However, it should be noted that in both studies 5-CQA concentrations in
the range of µM, much higher than physiological ones, were used. In the present study,
5-CQA influenced only IL-6 production, with suppressed levels, but only for the highest
5-CQA concentrations tested, 2 µM and 20 µM. This result is in agreement with the effect
observed in cultures of mouse macrophages using similar high 5-CQA concentrations and
with the role of 5-CQA in attenuating NF-κB activation [17]. On the other hand, when
physiological concentrations were considered, no effect of 5-CQA was observed. Due to the
relationship between oxidative stress and activation of the NF-κB [38], the limited effects of
5-CQA on cytokine production in the present study may be related to the lack of effects on
culture MDA concentrations. However, it cannot be discarded that chlorogenic acids play
an important role in vivo as has been suggested from studies focused on the health effects
of coffee consumption [3,14,16]. In this regard, studies in animal models have shown that
the administration of 5-CQA lowers the circulating concentrations of pro-inflammatory
cytokines such as TNF-α or IL-1β [19–21]. On the contrary, supplementations in humans
using coffee preparation have shown little (mainly increasing adiponectin concentrations) or
no effect on inflammatory markers (reviewed by Paiva et al. [43]). Moreover, only a higher
increase in total plasma antioxidant capacity, without affecting the inflammatory response,
was observed in response to exercise after supplementation with high-chlorogenic-acid
coffee [44].

The authors acknowledge some of the limitations that are present in this study. No
intracellular measurements, mainly cAMP but also MDA, were performed. The concentra-
tions of cAMP and MDA were measured only in culture supernatants. Furthermore, NF-κB
was not measured. The effects of caffeine and 5-CQA were not tested together. Since in



Appl. Sci. 2022, 12, 7322 8 of 10

coffee, as well as in other products such as tea, they are found in combination, it would be
of interest to test the combined effects of both substances.

5. Conclusions

The results from the present study indicate an anti-inflammatory effect of caffeine,
at least under in vitro conditions, characterized by an inhibition of the pro-inflammatory
TNF-α production. However, caffeine concentrations higher than usual physiological
plasma values are needed to produce this effect. 5-CQA concentrations relevant to human
coffee consumption did not influence in vitro cytokine-stimulated production, as only a
suppression in IL-6 with the highest, non-physiological, concentrations were observed.
More studies are therefore required to clarify whether these concentrations could influence
low grade systemic inflammation.

Supplementary Materials: The following supporting information can be downloaded at: https:
//www.mdpi.com/article/10.3390/app12147322/s1, Table S1. Effects of caffeine on spontaneous
cytokine production. Table S2. Effects of 5-CQA on spontaneous cytokine production.
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