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Abstract

We investigated the impact of paracetamol adminisation on lymphocyte DNA damage and
oxidative stress parameters for acute pain managemtin patients with acute trauma-
related pain. Thirty-five adult patients with mild or moderate trauma and 33 eligible
healthy volunteers as control subjects were enrolie Blood samples were obtained from the
patients before and at 2 and 12 h after IV adminigation of paracetamol. Serum lymphocyte
DNA damage and total oxidant status (TOS), total atioxidant status (TAS) and oxidative
stress index (OSI) were studied as oxidative stregmrameters. Serum lymphocyte DNA
damage levels were 14.97 + 12.38 AU (arbitrary urs} in Group 1 (before analgesia), 13.94 +
9.28 AU in Group 2 (2 h after analgesia), and 10.5% 8.73 AU in Group 3 (12 h after
analgesia). A significant difference was observedrang the groups with respect to serum
lymphocyte DNA damage f < 0.01). Mean serum TOS and OSI values were lowén
Groups 2 and 3 compared to that in Group 1. Furthemore, mean serum TAS values were
higher in Group 3 compared to that in Goup 1. Our @ta suggest that the treatment of
trauma-related acute pain with intravenous paracetaol resulted in decreased DNA
damage in human T lymphocytes.
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Introduction severe pain. Side effects of paracetamol occur less
frequently than those of NSAIDs. Therefore, paracet
Acute pain is the most common complaint uponis the most commonly prescribed analgesic for tneat
admission to the Emergency Department. In a studgf acute pain [2,5].
conducted in France, the proportion of patients wieoe
admitted to the Emergency Department with a complai Paracetamol may be administered via per oral/ jger o
of pain was > 80% [1]. Insufficient management ofita  (PO) or intravenous (IV) routes. The efficacy aadety
pain may lead to thromboembolic and pulmonaryof IV formulations are obscure compared to placebo
complications, prolonged hospitalization, return the  other analgesics [5]. Previous studies have repdhat
patient to the hospital after discharge for treatimef paracetamol reduced oxidative stress by reducipigl li
pain, reduction in quality of life, and developmesft peroxidation and protein oxidatidn vitro (in brain and
chronic pain [1,2]. Trauma-related pain is the mostiver cells) and has a potential antioxidant effg&7].
frequent cause of acute pain that should be adetessMorphine, which is a potent opioid (narcotic) aresig,
seriously. Acute pain varies according to the sgvef  causes DNA damage vitro in human lymphocyte cell
trauma and can be classified using a visual analsgale cultures [8]. Although paracetamol is known to tesu
(VAS). Proper management of pain according to paiflecreased oxidative stress and this impact reduces
severity prevents both deterioration of clinicahdition ~ genotoxicity and DNA damage vitro [6], existing
and is important for relieving future chronic pdB4]. literature dictates that paracetamol inhibits DN&pair
Paracetamol (acetaminophen) or nonsteroidal antRnd induces cell death in vivo and in vitro [9]. wrever
inflammatory drugs (NSAIDs) are used to manage mild10 case-control studies have investigated the tefiéc
pain, weak opioids are used in addition to parawetaor ~ paracetamol on DNA damage in human T lymphocytes.
NSAIDs, and potent opioids are additionally used fo Therefore, in the present study, we aimed to inyat
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the effects of paracetamol on human lymphocyte DNAnedications such as sedative-hypnotic drugs outiory
damage and oxidative—anti-oxidative status in p#tie substances, smokers, subjects with measurable blood
with mild or moderate trauma and compared withehias alcohol concentrations or who had consumed alcptiot
controls. As mentioned above, most studies of #ietg to the study; those following a special diet, sotgevho

of paracetamol and morphine were condudteditro; in  were pregnant or had elevated human chorionic
contrast, our study was a clinical trial and uskd t gonadotropin (hCG) levels detected by a quant&ati€G
alkaline comet method, which has high specificihda blood test §-hCG), patients with severe trauma; and

sensitivity for determining DNA damage. subjects who underwent computed tomography and/or
magnetic resonance imaging (MRI) were excluded from

Subjects and Methods the study. None of the subjects was taking drugsvknto
affect lipid or lipoprotein metabolism. Special €avas

Study participants taken to exclude subjects who were taking analuloligs,

Over a 4-month period (July 2012 through Novembegiuretics, vitamins, or other antioxidants suclvasoactive
2012), 35 consecutive adult patients (mean agg,138. and beta-blocking agents.

20.31 years; range, 18-81 years; 11 females and 24 )

males) presenting to the emergency department witRl0od sample collection _ _
symptoms of mild or moderate trauma due to variouy¥€nous blood samples were obtained before analgesia
causes (vehicle accident, vehicle-pedestrian actidéall  (Group 1) and at 2 (Group 2) and 12 h (Group 3raft
from high place, and assault) were enrolled in thignalg_esm a_dm|n|strat|on, coII_ected into heparuhizes,
prospective clinical study. As the control groupe w @nd immediately stored on ice at 4°C. The serum was
enrolled 33 age- and sex-matched healthy adultarfme S€parated by centrifugation at 4,000 rpm for 5 min.
age 37.62 + 12.23 years, 12 females and 21 mabgj]asma samples were stored at -80°C until analysis.
Patients were provided with basic trauma life suppo
presentation and advanced trauma life supporgifired.
Written informed consent was obtained directly from
patients after vital functions were stabilized. tharmore,
the healthy volunteers were informed about the ystud
protocol, and written consent was obtained from al
participants.

Assessment of lymphocyte DNA damage by the alkaline

comet assay

Lymphocyte isolation for the comet assay was peréat

by density gradient separation (Histopaque 107gm&t
Idrich, St. Louis, MO, USA). One milliliter of
eparinized blood was layered over 1 mL of Histagaq

and centrifuged for 35 min at 500 gcand 25°C. The

Pain severity was determined using a VAS by theesamimerf"jlce band containing lymphocytes was washati wi

healthcare professional for each patient uponaratithe pg?ri?nh?gé?ﬁgeﬁ?or?a;tniogpBS)Tr?gdret;ianO"itlﬁg
emergency department. Subjects who had miId—mccdera% 9 8. gp

. L were resuspended in PBS to obtain 20,000 cellgll0
pain were administered 100 ml (10 mg/mL) paraCEtam%embrane pintegrity was assessed by trypaﬁl blue

IV for 20 min. Demographic characteristics of theexclusion Endoaenous DNA damade in Nmphocvies was
patients, clinical findings, and pain severity wezeorded analyzed -by thg alkaline comet s?ssay 3;15 pdesgrtilyed b
with the VAS. Subjects were divided into three grsu Singh et al. [10] with minor modifications. A fresh

Group 1 (before analgesia administration), Groui . ; .
: < . lymphocyte cell suspension of i0was mixed with 8Qul
after analgesia administration), and group 3 (l1&ftbr of 0.7% low-melting point agarose (Sigma) in PBS at

analgesia administration). Inclusion criteria weagtult 37°C. Subsequently, 80l of this mixture was layered
patients £18 years) with traumatic mild or moderate pain_ . slides that had been coated previously witBelhot

according to the VAS, and written informed consent. (60°C) normal-melting point agarose, and the sligese

This study was conducted in accordance with theg19gcovered with a coverslip at 4°C for at least 5 toimllow
Declaration of Helsinki and was approved by theidsth the agarose to solidify. After removing the coviessithe

Committee of Harran University, Faculty of Medicine ~ Slides were submersed in freshly prepared cold )(4°C
lysing solution (2.5 M NaCl, 100 mM EDTA-2Na; 10

Exclusion criteria mM Tris-HCI, pH 10-10.5; 1% Triton X-100, and 10%
To investigate the effects of paracetamol on okidat DMSO were added just before use) for at least Thie.
status and lymphocyte DNA damage, subjects witislides were then immersed in freshly prepared iakkal
conditions that may have affected oxidative markeush €electrophoresis buffer (0.3 M NaOH and 1 mM
as chronic medical disordeiisg(, congestive heart failure, N&ETDA, pH 13) at 4°C for unwinding (40 min) and
chronic obstructive lung disease, diabetes mellitughen electrophoresed (25 V/300 mA, 25 min). Allpste
chronic renal failure, hypertension, or malignaneyid were conducted under a red light or without ditiggtt to
those who had coronary artery disease, peripher@grevent additional DNA damage. After electrophmgesi
vascular disease, or renal dysfunction; subjecisgus the slides were stained with ethidium bromided{nl in
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distilled HO; 70 pl/slide), covered with a coverslip, and TAS, and OSI levels; and lymphocyte DNA damage) are
vizualized using an epifluorescence microscope ik expressed as means = standard deviation (SD)-draep
Tokyo, Japan) equipped with a rhodamine filter ifeion ~ comparisons (controlgs patients) were performed using
wavelength 546 nm, barrier filter 580 nm). The iem@f the chi-square and Mann-Whitney tests. When
100 randomly chosen nuclei (50 cells from eachwad t comparing numerical data (intra-group comparisahaj
replicate slides) were analyzed visually. Each enagas were normally distributed, identified with the Kadgorov-
classified according to the intensity of the flsmence in the Smirnov Z test, the one-way analysis of variance
comet tail, which was rated from O (from undamaged? (ANOVA) was used if there were more than two groups
(maximally damaged) (Figure 1), so that the totalres of (pre-analgesia; Group 1, post-analgesia 2. hounus2
two replicate slides could be 0—400 arbitrary u@d). All and post-analgesia 12. hour; Group 3). A two-tgikediue
procedures were performed by the same biochenstaffy < 0.05 was considered to indicate statistical fizanice.

and DNA damage was assessed by a single obsereer wh

was unaware of the sample identities. Results

Measurement of total oxidar)t status (TOS) ean VAS scores were 3.42 + 0.65, 2.11 + 0.58,1a08
Serum TOS was determined using a novel automate!\a

measurement method developed by Erel [11]. Oxidants 0.65in groups 1,2, and 3, respectively.
present in the sample oxidize the ferrous ion-o;A
dianisidine complex to ferric ions. The oxidation

reaction is enhanced by glycerol, which is abundant

the reaction medium. The fe_rr|c lons prowde_ a oo 0.000). Additionally, a significant difference wdsund
complex with xylenol orange in an acidic mediumldato between the mean VAS score of Groups 2 (2.11 4 @158
intensity, which can be measured spectrophotog (1.08 + 0.65) (95% CI, 0.78-1.27; p:0.035)'jgh'$icant
metrically, is related to the total amount of oxida differenge was found 'betvveen tr'1e mean VAS score of
molecules present in the sample. This assay Waéroups 1 (3.42 +0.65) and 3 (1.08 + 0.65) (95%2C0—
calibrated with hydrogen peroxide, and the resats 257, p= 0.0.06)._). No significant. diff(;reﬁces avebserved

EXpressed in terms of micromol_ar hydrogen peroxid‘f?‘)etween patients with mild or moderate trauma dved t
equivalent per literymol H,O, equiv/L). The assay has controls with respect to age or gender (p = 0.M® @=

excellent precision values of < 2%. 0.684, respectively). The mean serum lymphocyte DNA
Measurement of total antioxidant status (TAS) damage value was significantly higher in patierith wild
Total antioxidant status in serum was determingaigusn ~ or moderate trauma compared with those in the aisr(p <
automated measurement method [12]. In this metho,001). Likewise, serum TOS and OSI levels were
hydroxyl radicals, which are among the most potérthe  significantly higher (both comparisons, p < 0.004fereas
biological radicals, are produced. In the assayptis ion plasma TAS levels were significantly lower in patgewith
solution, in Reagent 1, is mixed with hydrogen gite, in ~ mild or moderate trauma compared with those irctimgrols
Reagent 2. The sequentially produced radicals—ssch (p= 0.001). The demographic characteristics, $evef
brown-colored dianisidinyl radical cations, produitsy the  lymphocyte DNA damage and oxidative stress parasete
hydroxyl radical—are also potent radicals. The ati@h among 35 adult patients with mild or moderate trawand
reactions progress among dianisidyl radicals, amthér 33 controls are shown in Table 1.

oxidation reactions develop, increasing color fdrom

Antioxidants in the sample suppress the oxidateattions 1he mean serum lymphocyte DNA damage value (AU)
and color formation. Using this assay, the antiates Was higherin Group 1 than in Group 2 (14.97 + 828d
effect of the sample against the potent free-rhdizations, 13.94 * 9.28, respectively). Group 3, which congalis
which are initiated by the produced hydroxy! raticavas ~Patients with 12 h after analgesia administrativa the
measured. Results are expressed as milimole (nrai)x ~ lowest mean lymphocyte DNA damage value (10.57 *

significant difference was observed between padegesia
(Group 1) and post-analgesia (Group 2) in termsneén
VAS scores (95% confidence interval [Cl], 1.11-1.p1=

equiv/L. The precision of the assay was < 3%. _8.73). A significant difference was found betweeaups
] o ) in terms of serum lymphocyte DNA damage (p = 0.009,
Calculation of the oxidative stress index (OSl) Table 2 and Figure. 2).

The OSI was calculated according to the following

formula: OSI (AU) = TOS mol HO, equiv/L))TAS  \ean TOS values were 17.91 + 5.40, 15.92 + 4.16, an
(mmol Trolox equiv/L) x 10 - 1 15.13 + 3.95 in Groups 1, 2, and 3, respectivelgaN
serum TOS levels tended to be lower after analgesia
gministration in groups 2 and 3 compared to tho&roup

, whereas there was no significant difference@g&Tevels
between groups (p = 0.114; Table 2 and Figure 3).

Statistics
Data analyses were conducted using the SPSS v.lﬁ
software (SPSS, Inc., Chicago, IL, USA). Numeridata
(e.g., oxidative—antioxidative status paramete@S;T
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The mean serum TAS values were 0.97 = 0.11, 0.94 Mean serum TAS level tended to be higher in Group 3
0.07, and 0.99 + 0.11 in Groups 1, 2 and 3, respedyt compared to that in Group 1, whereas there was no.

Figure. 1. Photomicrographs of comet classes (class 0, uadauf class 4, maximally damaged).
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Figure 2. Levels of DNA damage before analgesia (GroupFigure 4. Total antioxidant statugTAS) levels before
1), 2 h (Group 2) and 12 h (Group 3) after analgesi analgesia (Group 1), at 2 h (Group 2) and 12 h (G@®)
administration after analgesia.
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Figure 3. Total oxidant status (TOS) levels before analgesig=igure 5. Oxidative stress index (OSI) levels before
(Group 1), at 2 h (Group 2), and 12 h (Group 3)eaft analgesia (Group 1), at 2 h (Group 2) and 12 h (@G®)
analgesia administration. after analges.
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Table 1. Demographic characteristics, levels of lymphodytéA damage and oxidative stress parameters among 35
adult patients with mild or moderate trauma andc8atrols.

Characteristics Patients Control p-value
Age (years) 39.71 £20.31 37.62 £12.23 0.718
Gender (male/female) 24/11 21/12 0.684
DNA damage (arbitrary units) 1497 £12.38 5.45+2.28 <0.001
TOS @mol H,O, equiv./L) 17.91 +5.39 8.45+2.49 <0.001
TAS (mmol Trolox®equiv./L) 0.97+£0.11 1.17+£0.24 =0.001
OSI (arbitrary units) 1.83+£0.50 0.78 £0.37 <0.001

Data are presented as means + SD=standard deviatiom=numbers of patients.

Inter-group comparisons (controls vs. patients) evanalysed by chi-square and Mann-Whitney U telsesav
appropriate. TOS=total oxidant status; TAS=totatiaridant status; Trolox®, 6-hydroxy-2,5,7,8-tetrattmylchroman-
2- carboxylic acid; OSl=oxidative stress index.

Table 2. Levels of lymphocyte DNA damage and serum oxidstiiess parameters in the study groups.

Characteristic Group 1 Group 2 Group 3 p-value
DNA damage (arbitrary units) TOS 1497 £12.38 13.94 £9.28 10.57 +8.73 0.009
(umol KO, equiv./L) 17.91 +5.39 5.92+4.10 15.13 +3.95 0.114
TAS (mmol Trolox equiv./L) 0.97+0.11 0.94 £0.07 0.99+0.117 0.161
OSlI (arbitrary units) 1.83 +0.50 1.69+0.45 1453.38 0.147

Data are expressed as means +SD=standard deviation

Intra-group comparisons (pre-analgesia; group 1spanalgesia 2. hour; group 2 and post-analgesdatour; group
3) were analysed by one-way analysis of varian®Q¥A) .

TOS=total oxidant status; TAS=total antioxidanttstg Trolox®, 6-hydroxy-2,5,7,8-tetramethylchrom&ncarboxylic
acid; OSl=oxidative stress index

Discussion Paracetamol is a commonly used analgesic for
managing acute pain. It may be administered viaoPO
This is the firstin vivo clinical trial of the effects of IV routes and has proven analgesic and antipyretic
paracetamol, one of the most commonly used drugs f&ffects [5,14]. In addition, reasons for preferring
managing acute pain in adult patients subjecteniitd ~ paracetamol include no side effects such as gastric
or moderate trauma, on DNA damage and serurucosal irritation, nausea, vomiting, sedation,
oxidative stress parameters in human T lymphocytegonfusion, hemorrhage and thrombocytopenia, and no
In addition, we used the alkaline comet method,ciwhi significant difference in terms of efficacy compare
has high specificity and sensitivity for determigin Other NSAIDs or opioids [15-18]. The analgesic effe
DNA damage. of acetaminophen begins within 10 min, peaks within
h, and lasts 4-6 h when administered at 15 mg/Kg [1
Pain is the most common cause of emergency roombd]-
admission, and such pain is usually acute and most

commonly caused by trauma [1,13llanagement of The efficacy of PO paracetamol has been demondtrate
acute pain in trauma patients is an essential part in many studies, and fewer side effects occur costpa
management both for patients and in emergencio other analgesics [5,14,16]. Several previouslieti
medicine practice because failure to control pairhave shown that IV paracetamol not only effectively
increases mortality and morbidity. Analgesia must bmanages patients’ pain but can also help reduce the
effective, fast, safe, and appropriate for the @#ts  adverse reactions of opioid use, therefore it setenie
clinical condition. Both deterioration of the cunte clinically efficacious and safe [17-19]. There deever
clinical condition and potential chronic pain cae b side effects from IV paracetamol use than other
prevented with proper pain management [3]. analgesics and, therefore, it was preferred in the
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present study. We administered a single dose ofdl00 in vitro. Consistent with that study, TOS and OSI
(10 mg/ml) paracetamol via the IV route for 20 nnin  values as an oxidative stress parameters tended to
cases who had mild or moderate pain by the VASdecline together with the reduction in pain after
While the mean VAS was 3.42 + 0.65 before analgesigparacetamol administration. However, a significant
it was 2.11 £ 0.58 2 h after analgesia was adnenest ~ difference was not found between groups in terms of
A significant difference was found between the pre-TOS and OSI levels. Garrido et al. [6] reportedttha
analgesia and 2 h group € 0.000). An approximate paracetamol has a potential antioxidant effect in
40% reduction in pain severity was observed at 2 hepatic cellsin vitro. In our study, serum TAS levels
after administering parenteral paracetamol. tended to increase at 12 h after analgesia (0.09%,

Group 3) compared to those pre-analgesia (0.97.%,0.
A significant difference was detected between theSroup 1).
mean VAS value before analgesia (3.42 + 0.65) and
that 12 h after analgesia (1.08 + 0.6%) ¥ 0.006). Morphine affects the immune system and causes DNA
Thus, pain severity decreased by ~70% 12 h aftetamage through its effect on tlkeopioid receptor in
analgesia provision. The efficacy and safety of IVCD3" T cellsin vitro. Morphine-induced DNA damage
paracetamol are controversial compared to placeldo a has been reported to arise basedkespioid receptor
other analgesics [5]. According to the our resuéts, activity, which causes immune suppression through
single dose of 1 gram parenteral paracetamol wies sap53-mediated signal transduction [8]. However, no
and effective for rapid and effective eliminatiori o clinical studies have investigated the effect of
mild-moderate pain in trauma patients. paracetamol on DNA damage in T lymphocyitesivo.

In the present study, the mean DNA damage values
Oxidative stress can be defined as an increase {#\U) declined significantly in Groups 2 and 3 (13.8
oxidants and/or a decrease in antioxidant cap§2@}.  9.28 and 10.57 + 8.73, respectively) compared & th
Reactive oxygen species (ROS) play an importarg rolin Group 1 (14.97 + 12.38 AU; group 1).
in the pathogenesis of several neurodegenerative
processes, including cell death, motor neuron disga A significant difference was detected between the
and axonal injury [18,21,22]. ROS include verygroups in terms of DNA damage (= 0.009). The
transient substances such as hydroxyl radicalglegree of DNA damage was high in trauma patients bu
superoxide anions, hydrogen peroxide, and nitrid®x decreased gradually after analgesia administraio?
which lead to lipid peroxidation and oxidation oNB  and 12 h. TOS and OSI values as oxidative stress
and proteins. When ROS generation increases to grarameters, and lymphocyte DNA damage decreased
extent that overcomes the cellular antioxidant® thsignificantly after treatment of trauma-related tecu
result is oxidative stress [23]. pain with paracetamol. The lymphocyte DNA damage

that develops in trauma patients may be mediated by

Oxidative stress-induced acute inflammatory respsns OXidative mechanisms. The present study is unigue
play an important role in acute pain arising fromthat it is the first conducted in vivo to show that
trauma [24]. Recent clinical data in trauma pasentpParacetamol decreased oxidative stress and lympaocy
indicate that oxidative stress parameters incread@NA damage in patients with trauma. Specifically, a
proportionally to severity of trauma during the lgar Single dose of 1 gram intravenous paracetamol
period; however, antioxidants decrease [24,25]administration for pain management following trauma
Oldham et al. [25] measured antioxidant levels agsd may lead to reduced posttaumatic complications and,
1, 2, 3, 4, 6, and 8 after classifying patientsoading  Ultimately, reduced morbidity and health care costs
to trauma severity score. They reported that
antioxidants decreased in 9.9% of mild trauma pasie Conclusion
and 34.3% of severe trauma patients, and that this
reduction continued for 7 days. Our preliminary study showed that acute pain
developing in patients subjected to trauma led to
In the present study, TOS and OSI levels declined ioxidative stress, which resulted in oxidative DNA
Groups 2 and 3 (TOS, 15.92 + 4.10 and 15.13 + 3.9%lamage in lymphocytes. However, TOS and OSI as
respectively) (OSI, 1.70 + 0.45 and 1.53 * 0.38xidative stress parameters and lymphocyte DNA
respectively) compared to those in the pre-anadgesidamage decreased significanfiyllowing intravenous
group (Group 1, 17.91 + 5.40 and 1.83 * 0.5ladministration of paracetamol. DNA damage in
respectively). Armagan et al. [7] showed thatlymphocytes of trauma patients might be explaingd b
paracetamol decreases oxidative stress by reducirgidative damage. On the basis of our data, we estgg
lipid peroxidation and protein oxidation in braiells  that a single dose of 1-gram intravenous paracdtamo
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administration might be regarded as a clinically
efficacious and safe analgesia for pain managenment
patients following trauma. Future controlled climic g
trials conducted with larger samples are needed to
support and extend these data.
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