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METALLOTHIONEIN TREATMENT DECREASES THE HYPERALGESIA
AND INFLAMMATION AFTER SURGICAL TISSUE INCISION
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The problem of postoperative pain control is still actual despite the different anal-
getic agents existing. In our study, we assessed the physiological, biochemical and molecu-
lar changes that develop in response to noxious peripheral stimulation after incision under
metallotionein effect performed by the experimental rat model of Brennan. Post-operative
hyperalgesia was persistent; the withdrawal threshold was 2.5 times less when compared to
control rats 3 days after surgery and decreased to 1.5 times on day 6 after incisions. In the
place of incision, the modulation of inflammation reaction was detected by an increased
number of infiltrated leukocytes and high levels of proinflammatory cytokines IL-1p and
TNF-a, which coincided with less MT levels in the blood. Treatment with exogenous MT
by injection of 100 pg MT-II (Sigma) per animal two days before and after incision prevents
the development of huge pain and inflammation on the first days after operation. We can
suggest that MT may provide the zinc ions for inhibition of NMDA receptors or other signal
pathway induction.
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There is a lot of basic and clinical research that clear our understanding of the pain mecha-
nism. However, postoperative pain control is still a problem despite the different analgetic agents
existing. Pain from surgical incision is induced by complex stimulation including coughing, am-
bulation and tissue damage [10, 12]. The mechanical sensitivity of a surgical incision is the main
important property that provides both peripheral and central pathways of the pain mechanisms.
Damage of peripheral tissue and injury to nerves typically produce persistent pain and hyperal-
gesia. The peripheral component is believed to associate with peripheral inflammation due to dif-
ferent substances released in response to surgical trauma. That is connected with the activation of
second messenger systems and triggering of the immune system. The central pathways of pain are
induced through the sensitization of dorsal horn neurons by noxious stimuli. Many data provide
evidences that peripheral injury produces changes in the CNS function [6]. Today we have a good
characterized mechanism of neuron sensitization under pain condition [10].

However, if the peripheral inflammation caused by surgical incision plays a crucial role
in postoperative pain, it is logical to speculate that synthesis induction (or additional injection)
of endogenous agent that provides an antiinflammation reaction is one of the alternative ways
to decrease pain without strong and long treatment by direct receptors blockader to avoid drug
tolerance development.

Following this line, our interest was focused on mammalian metallothioneins (MTs),
cystein-rich small metal-binding proteins that are induced not only by heavy metals (Zn, Cd) and
other divalent cations (Ca, Mg, Mn), but also by specific agents such as catecholamines, glucocor-
ticoids, interleukin-1, glucagons, tumor necrosis factor (TNF), acute phase response agents [7, 11].
Many of indicated agents take part in the peripheral and central pathways of postoperative pain.
Four MT-isoforms have been characterized that have different compositions of between 61-62
amino acids and differ in localization: MT-I and MT-II - prevalent in epithelial tissue (skin, liver,
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intestinal mucosa), MT-III - in the brain, MT-IV — in the squamous epithelia. The main function of
MTs in eukaryotic organisms is normal zinc ion homeostasis. However, recent data demonstrate
the wide range of MTs’ function. It was elucidated that MT plays key role in wound repair, patho-
genesis of experimental autoimmune diseases, inflammation and apoptosis pathways [3, 6, 8].

In our study, we assessed the physiological, biochemical and molecular changes that de-
velop in response to noxious peripheral stimulation after incision under metallotionein-II effect.

Materials and methods

Wistar rats were housed by groups in standard Plexiglas cages. They were kept on a re-
versed 12:12 h light-dark cycle with a room temperature of 21+10 C.

Rats received treatment with i.p. injections of Zn-MT-II (Sigma, USA) or control (pla-
cebo, saline solution) treatment. The doses of MT-II treatment were previously determined to
be suitable as therapy [3]. All rats were divided into 5 groups: 1- control, without any treatment
(n=6); 2 and 3 — incision (n=12); 4 and 5 - injection by 100 ug MT-II per animal for 2 days before
and after incision (n=12).

The experimental model of postoperative pain was developed after Brennan T. J. [2]. Ope-
rated rats were anaesthetized with ether. The plantar aspect of hindpaw was prepared in a sterile
manner with iodine solution. A 1-cm longitudinal incision was made with a SM65 blade through
skin and fascia of the plantar aspect of the foot, starting 0.5 cm from the proximal edge of the
heel and extending towards the toes. After haemostasis with gentle pressure, the skin was apposed
with 2 mattress sutures of 3 nylons on an FS-2 needle. The wound site was covered with iodine
solution and a mixture of polymixin B and neomycin ointment. After surgery, the animals were
allowed to recover in the cages. The study has been approved by animal protection authorities [4].

The electrophysiological test (withdrawal thresholds) was performed with a two-pole
electrode (punctuate impulses, frequency 50 Ge, duration 0.5 mc) [1]. The microelectrode was
put on the non-injured foot. The test was repeated three times with a 20 min test-free period be-
tween withdrawal responses and average withdrawal thresholds (V) were presented.

The rats were sacrificed by decapitation (a half of one — on the after incision day 1; a
half— on the after incision day 6). Blood was collected; serum was obtained according to standard
procedure. Incised foot and the same one of the control rats were cut and fixed in Bowin solution.

The tissues were dehydrated, embedded in paraffin and cut in serial 5 pm thick sections ac-
cording to standard procedures for immunohistochemistry. The sections were incubated overnight
at 40 C with one of the following primary antibodies: mouse anti-human CD35 (Dako, Denmark),
mouse anti-human IL-13 (Biogenesis, USA); anti-mouse TNF-a (Biosource, USA). The corre-
sponding biotinylated second antibodies and streptavidin-peroxidase complex were used for detec-
tion (Sigma-Aldrich, USA). The positively stained cells were carried out from 0.5 mm2 matched
areas of the 5 um sections for statistical analysis. Cells were counted at the border of the incision.

The concentration of MT-I+]I in the blood serum was studied by competitive ELISA using
rabbit polyclonal antibody to MT-I+II and purity MT-II, zinc as a standard (Sigma, USA).

Data are expressed as the mean+SD, n=6. For statistical evaluation of the data, the Stu-
dent’s t-test was used. Statistical significance was taken as P<0.05 in all experimental groups.

Results and discussion

During experimental time, all animals were kept to maintain normal food and water intake.
The weight of the control animals and rats before surgery was in average 324425 g. There was a
small significant decrease in weights during the first 3 days after incision (283-300 + 16, P<0.05)
for rats without additional treatment. The rats that obtained MT-treatment before and after surgery
did not change in weight compared to control during the whole studied postoperative period.

Withdrawal responses to pain were estimated using electric noxious stimulus. Post-ope-
rative hyperalgesia was persistent, the withdrawal threshold was 2.5 times less when compared
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to control rats through 3 days after surgery (P<0.001) and decreased to 1.5 times on day 6 after
incision (P<0.05) (Fig.). Administration of 100 mg/rat of MT-II twice per day during 2 days be-
fore and after surgery prevented a strong decrease in the withdrawal threshold during the first 3
days after plantar incision and, moreover, led to a recovery studied threshold from day 5 (P>0,5).
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Withdrawal threshold for rats: 1 — control rats, 2 — incision, 3 — incision with MT treatment, n=6

In order to estimate whether MT concentration in the blood serum changed under postopera-
tive time, the ELISA method was carried out on days 1 and 6 after surgery following much alterations
in algesia level through physiological tests. Obtained results indicated that the concentration of MT
significantly decreased in the blood serum of rats 24 h after surgery to 0.384+0.07 png/ml compared to
0.6240.09 pg/ml. The level of MT in the blood serum of injured rats recovered to normal on day 6
after surgery if they obtained the injection of MT for 2 days before and after incision while rats with-
out MT-treatment still had significant low concentrations of endogenous MT-II on day 6 after injury.

According to immunohistochemical data on day 1 after the surgical incision to the skin,
we examined histopathological reactions such as inflammation. On day 1, animals showed a high
number of CD-35+ leukocytes infiltrating the site of incision (Table), and the acute expression
levels of proinflammatory cytokines like IL-1 and TNF-a.

Immunochemical data for the number of leukocytes, IL-1B and TNF-a positive cells
at the border of the incision (N, M+m, n=6)

Ins+tMT- Ins+MT-
Groups/marker Control Ins-1 day Ins-6 day
1 day 6 day
CD35 231,6+ 463,425,7* 280,3+ 293,8+ 2143+
IL-1b 121,33+ 433,3+ 156,2+ 191+ 98,5+
TNF-a 165+ 339,6+ 187,5+ 199+ 141,1+

Notes: *- P<0.001 and ** - P<0.05 compare to the control group; # - P<0.001 compare to the incision group.

In the case where animals received MT-II injections for 2 days before and after the inci-
sion, the therapeutic effect was pronounced compared to control (placebo) groups as shown on
days 1 and 6 after incision (Table): the proinflammatory responses of CD35+ leukocytes and
their expression of proinflammatory cytokines IL-1p and TNF-o were significantly reduced in the
injured skin of MT-II treated rats relative to their controls.

In our study, we have used a rat model for acute post-operative pain due to surgical inci-
sion in the rat hindpaw. Reproducible, quantifiable mechanical hyperalgesia lasting for several
days demonstrates that this model has much more similarities to the human post-operative pain
state [2]. Modulation of NMDA receptors by a variety of endogenous extracellular ions and zinc
is one of the main mechanisms for pain development. Previously, it was believed that zinc inhibits
NMDA receptors at two independent sites: 1) low-affinity inside zinc-binding site induces the
voltage-dependent inhibition of NMDA-receptors; 2) high-affinity outside zinc-binding site pro-
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motes the voltage-independent inhibition. Late data suggest that tyrosine kinase Src potentiates
NMDA-receptors’ currents by reducing the tonic inhibition of receptors composed of NR1 and
NR2A subunits by extracellular zinc]. That data link two modulatory sites of NMDA receptors.

Mechanical stress enhances the injured substances that induce the endogens defense sys-
tems. Many cellular events recognized by the system are believed to be the central events in
the initiation of algesion after surgery procedure, in which products of cytokines and other me-
tabolites play major roles too. Significant lesions were observed in the place of incision. On 1
day after incision, severe changes were characterized by the elevation in CD35+ leukocytes and
their expression of proinflammatory cytokines IL-1B and TNF-a. The acute phase response is
the body's first defense against the stress, inflammation, trauma modulated by cytokine cascade
including tumor necrosis factor alpha (TNF-a), interleukin-1 and increased synthesis of acute
phase proteins including metallotioneins (MT). MT provides maintenance of homeostasis of zinc,
which is required for the activities of more than 200 kinds of metalloenzymes and for the forma-
tion of zinc-finger motifs in transcription factors. MT can provide the zinc ions for inhibition of
NMDA receptors at two independent sites noted previously. Oki G. suggested that the absence of
MT from the injured peripheral nerves can play a potential pathogenic role in generating pain in
the damaged peripheral nerves [10]. Application of exogenous MT before surgical incision may
decrease the pain and inflammation development.

REFERENCES

1. Bianki V. L., Snarskii S. I. Sex dimorphism of the interhemispheric asymmetry in the control
of pain vocalizations in rats // Zh. Vyssh. Nerv. Deiat. Im I P Pavlova. 1990. Vol. 40. Ne 4.
P. 693-701.

2. Brennan T J., Vandermeulen E. P, Gebhart G. F. Characterization of a rat model of incisional
pain // Pain. 1996. Vol. 64. Ne 3. P. 493-521.

3. Giralt M., Penkowa M,. Lago N., et al. Metallothionein-1+2 protect the CNS after a focal
brain injury // Exp. Neurol. 2002. Vol. 173. P. 114-128.

4. Ethical guidlines for investigations of experimental pain in conscious animals // Pain. 1983.
Vol. 16. P. 109-110.

5. Inoue K., Takano H., Yanagisawa R., et al. Role of metallothionein in antigen-related airway
inflammation // Exp. Biol. Med. (Maywood). 2005. Vol. 230. Ne 1. P. 75-81.

6. Iwata M., Takebayashi T, Ohta H., et al. Zinc accumulation and metallothionein gene expres-
sion in the proliferating epidermis during wound healing in mouse skin // Histochem. Cell
Biol. 1999. Vol. 12. Ne 4. P. 283-290.

7. Hermann G. E., Holmes G. M., Rogers R. C. TNF(alpha) modulation of visceral and spinal
sensory processing // Curr. Pharm. Des. 2005. Vol.11. Ne 11. P. 1391-14009.

8. Kimura T., Kambe T. The Functions of Metallothionein and ZIP and ZnT Transporters: An
Overview and Perspective // Int. J. Mol. Sci. 2016. Vol. 17. Ne 3. P. 336-346.

9. Kohler L. B., Berezin V., Bock E., Penkowa M. The role of metallothionein II in neuronal dif-
ferentiation and survival // Brain Res. 2003. Vol. 992. Ne 1. P. 128-136.

10. Oki G., Wada T, Iba K., et al. Metallothionein deficiency in the injured peripheral nerves of com-
plex regional pain syndrome as revealed by proteomics // Pain. 2012. Vol. 153. Ne 3. P. 532-5309.

11. Shiyntum H. N., Ushakova G. A. Protective/detoxicative function of metallothionein in the rat
brain and blood induced by controlled cadmium doses // Visn. Dnipropetr. Univ. Ser. Biol.
Med. 2015. Vol. 6. Ne 2. P. 103—-107.

12. Stewart L., Martin W. J. Evaluation of postoperative analgesia in a rat model of incisional
pain // Contemp. Top Lab. Anim. Sci. 2003. Vol. 42. Ne 1. P. 28-34.

Cmamma: naoitiwna oo peoaxyii 14.06.16
doonpayvosana 31.08.16
nputinama oo opyxy 1.09.16



I Ywakosa, O. LLuiHmym
324 ISSN 0206-5657. BicHuk JlbBiBCcbKoro yHiBepcutety. Cepis 6ionoriyHa. 2016. Bunyck 73

JIKYBAHHS METAJIOTIOHETHOM 3MEHIIY€ TIIEPAJITE3IIO TA
3ATAJIEHHSA IICJIS ONMEPAIIIMHOI'O PO3TUHY TKAHUHHA
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[TpoGneMa KOHTPOJIIO MiCJIONEePALiHHOTO OOJIIO JI0 FOTO Yacy € aKTyaJbHOIO0, X04a
1 iCHyIOTh 0arato pi3HUX aHAITETHYHUX PEYOBHH. Y HamIii poOoTi 3a JOIOMOIOI0 eKc-
TIepUMEHTANILHOT MOJIeII Iiciisonepariinoro 6omo 3a bpenanom y miypiB gociiukeri ¢i-
3i0J10Ti4HI, O10XIMIUHI Ta MOJEKYJISIpHI 3MiHH, II0 PO3BUBAIOTHCS Y BIIIOBIIH HAa OOILOBY
nepudepuuHy CTUMYJISIIIO MiCHsl PO3TUHY TKAHHHH Ta Jii MeTanorioneiny. CTiika miciis-
orepalliiiHa rinepairesisi CylpoBOKYBaIacs 3HUKECHHIM CTIHKOCTI J0 €IEKTPOCTUMYIIAIIIT
y 2,5 pa3y IpoTsAroM nepmmux 3-x 1i0 micist oneparii Ta 3ajumaiacs 3aHmKeHoro B 1,5 pasy
Ha 6 100y MOPIBHSHO 3 KOHTPOJIBHUMH IIypaMH. Y Miclli po3THHY BH3HA4YEHO aKTHBALiI0
3amajJbHOI peaKIil 3a paxyHOK 301IbIICHHS IHPUIFTPOBAHNUX Y MICIIe YpayKeHHs JICHKOIUTIB
Ta 301IBIIEHHs BMICTY npo3anaibHux IuToKiHiB IL-1B ta TNF-0. 3acTocyBaHHSs eK30TeH-
Horo MT 3a paxyHok in’exniit 100 mxr MT-II (Sigma) Ha TBapuHy 1Ba JHI 1O Ta MiCIs
orepartii 3ao0irano po3BUTKOBI CHIILHOTO OOJIIO Ta peaxiii 3armaieH s y Hepili JHi Mmicis
omepaiii. Mu MoxxeMo npunycTuty, 1mo MT y 3Mo03i 3a0e3nedyBaru ransmyBanas HMJIA-
PEILEenTOpiB 32 PaxyHOK JOHAIT i0HIB IIMHKY 200 1HAYKIIT IHIINX CHTHAIBHUX IUISXIB, [0
3HIKYE PO3BHTOK OOJIEOBOTO CHHIPOMY.

Kniouosi crnosa: MeTanoTioHeiH, micsonepaliiiia rirnepanresis, OiTb, 3araneHHs.
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[Tpo6nema KOHTPOIIS MOCICONEPAIMOHHO GOJIH 10 CHX HOP SIBISIETCS aKTyalIbHOH,
HECMOTpsI Ha HAJW4YME MHOTHX aHAITeTHYECKUX BemlecTB. B Hamreil paboTe ¢ momoIsio
9KCIICPHIMEHTAILHON MOJIEIIH IO CIICONIEePAINOHHOM 601H 110 BpenHany y KpbIC HCCIeI0BaHbI
¢m3nonornueckue, OMOXMMUYECKHE W MOJEKYISIpHBIE H3MEHEHHs, Pa3BUBAIOIINECS B
oTBeT Ha OoneByr0 nepuhepHUIecKyio CTUMYIIIHIO TTOCIEe PACCEUCHUS TKAHU U JICHCTBUS
mertamornonenna (MT). YeroltunBas moceonepanronHas THIIEPAITe3ust COMPOBOXKIATIACH
CHIDKEHHEM yCTOHYMBOCTH K SJIEKTPOCTUMYIISINY B 2,5 pa3a B TCUSHUE MEPBHIX 3-X CYTOK
ToCiIe ONepaliy M OCTaBanach 3aHIKCHHOH B 1,5 pa3a Ha 6-¢ CyTKH IO CPaBHCHHUIO C
KOHTPOJIBHBIMH KpbIcaMH. B MecTe pa3pes3a ycTaHOBICHA aKTHBALUsI BOCIATHTEIBHOM
PEaKINH 3a CUET yBEIUUCHUS HHPHIGTPHPOBAHHBIX JICHKOIIUTOB B MECTO MOPAKCHUS TKAHH
1 YBEIIMYCHHE CONCPIKaHUS MPOBOCIANUTENbHBIX HUTOKHHOB [L-18 1 TNF-a. [Ipnmenenne
ak3zoreHHoro MT ¢ momomrpio mabekmid 100 mxr MT-II (Sigma) Ha XHBOTHOE 1Ba ITHS
JI0 ¥ TIOCJIe ONEpaIiy MPeJOTBPAINAN0 PA3BUTHE CIIIBHOM OONM M PeaKkIuy BOCTIAICHUS
B IEpBBIE JHU TOocie omepanuu. Mel mpexnonoraeMm, uto MT moxer obecriednBarh
onoxuposanne HMJIA-penentopoB 3a cUeT JOHHPOBAHUS HOHOB IIMHKA M HHIYKIUH
JPYTUX CUTHAIBHBIX MyTeH, 4TO COCOOCTBYET CHIKEHUIO Pa3BUTHS OOJIEBOTO CHHIPOMA.

Knrouesvie cnosa: MCETAJUIOTUOHEWH, IIOCICOIICpAlIMOHHAA TUIICPAJITE3U, 6OJ'IL,
BOCIIAaJICHUE.



