[:?i L‘b\ﬁ Tiirk Biyokimya Dergisi 3
07 2002, Cile: 27, Sayi: |

EFFECT OF D-PENICILLAMINE INDUCED COPPER
DEPLETION ON RAT LUNG ELASTIN CROSS-LINKING
DURING THE PERINATAL PERIOD

Semra GEZER', Giilgiin OKTAY?, Giil GUNER', Cetin PEKCETIN?,
Ataman GURE®

D-PENISILAMIN iLE INDUKLENMIi$S BAKIR DEPLESYONUNUN PERINATAL
DONEMDE SICAN AKCIGERI ELASTIN CAPRAZ BAGLARI UZERINE ETKIiSI

Ozet: Bu calismada, gegitli patolojilerin tedavisinde kullanilan bir farmakolojik ajan olan D-Penisilamin'in (DPA) perinatal
suregte kullandmasinin, bakir deplesvonu ofusturmasi nedeni ile yenidogan akciger elastin olugumunu ve geligimini etkileyip
etkilemedigi arastrildl. Caligmaya 40 digi (n=20 kontrol grubu, n=20 deney grubw) 6 erkek rat'w ¢ifilestirilmesi ile elde
edilen 20 yenidogan rat alindr. Deney grubunu olugturan maternal ratlara gebelik siireglerinin 14. giintinden itibaren, tiim
emzirme siirecini de kapsayan postnatal 21. giine kadar 400 mg/kg/giin DPA 3 ml serum fizvolojik icinde ¢éziindiiriilerek
intraperitoneal yoldan verildi. Kontrol grubundaki maternal ratlara (n=20) deney siireci boyunca (prenatal 14. giin ile
postnatal 21 giin arasy) intraperitoneal serum fizyolojik enjeksivonu yapildi. Deney siirecinin sonunda 20 yenidogan, 10 adet
maternal kontrol grubundan, 10 adet maternal deney grubundan olmak dizere rasigele segildi. Kontrol ve deney griubu
arasmdaki geligim farkhiigt yenidoganlarin viicut ve akciger agirliklar: tartidarak belirlendi. Bakwr deplesyominun diizeyinin
belivlenmesi icin maternal ve yenidogan gruplarmda serum bakir diizeyleri ve seruloplazmin aktiviteleri saptandi. Akciger
elastin duzeyi ve elasiine spesifik ¢apraz bag amino asidleri olan desmosine (DES) ve isodesmosine (IDES) diizeyleri
venidogan kontrol ve deney gruplarmda saptandi Serum bakir diizeyi atomik absorpsiyon spekiroforomeiresi, serum
seruloplazmin aktiviteleri spekirofotomeirik yantem kullanlarak belivlendi. Akciger dokusu DES, IDES ve elastin diizeylerinin
saptanmasi igin yiiksek performansh sivi kromatografisi kullanddr. Elde edilen sonuglar, deney grubuna perinaial ve
postnatal siivegte DPA verilmesinin bakr deplesyonu olugturdugunu, deri elastisitesinde, viicut ve akeiger agrltklarmda
azalmaya yol agtigini gosterdi. Maternal ve yenidogan deney grubunda serum bakir diizeyleri ve seruloplazmin akiivitesi
swrastyla 24.33=3.05mg/dl, 16.31=2.96 U/L and 11.70=1.73mg/dl, 3.50=0.76U71. saptandi. Maternal ve yenidogan kontrol
grubunun serum bakir diizeyleri ve seruloplazmin aktivitesi sirast ile 64.38+7 38mg/dl, 54.05=4. 8101, 35 444 56mg/dl,
22,9612 26L0L olarak belivlendi. Yenidogan kontrol grubunda saptanan DES, IDES ve elastin diizeyleri 24.78+12.81mg/g.
70641 50mg/g, 170:29.92mg'y yvag doku, deney grubunda 10.90+:3.83mg'g, 4.90+1.58mg/g, 90.57+24.62mg'e yay doku
olarak saptandr. Istatistiksel degerlendirmede gruplardaki ornek sayisina bagh olarak Student-t test ve Mann -Whitney U
testleri kullamildi. Deney ve kontrol gruplart arasmda bakir diizeyleri ve serufoplazmin akiivitesi yoniinden istatistiksel olarak
anlaml farkidik saprandr (p<0.001). Yenidogan deney grubunun akciger dokusu DES, IDES ve elastin diizeylerinde kontrol
grubuna gare anlamlt bir diigme oldugu gozlendi (p=0.0004, p=0.0020, p=0.03}. Sonug olarak olugturdugumnz deney modeli,
prenatal ve postnatal siivegte knllamlan DPA 'min yenidogan akciger dokusunda elastin ¢apraz bag olugumunu ve yenidogan
geligimini olumsuz etkiledigini gostermekredir.
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Summary: This study was designed to clarify whether D-Penicillamine (DPA), a drug used for treatment of various
pathelogical events, induced copper depletion effects on lung elastin formation and maturation of the newborn in the
perinatal period. The investigation was conducted on 20 newborn rats breaded from 40 female and 6 male rats. DPA (400
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mg/kg/day) was administered to 20 maternal rats intraperitoneally (i.p) beginning on the 14th day of gestation until ending on
the postnatal 21st day during the all-suckling period. In the same period physiologic saline was administered to 20 marernal
rats to obtain control group. At the end of the experimental period, 20 newborn rats were selected randomly from each
breeder, 10 from control and 10 from experimental group. The body and lung weights of newborns were assessed. Serum
copper (Cu) levels and ceruloplasmin (Cp) activities of the maternal and newborn groups and lung rissue elastin, desmosine
(DES) and isodesmosine (IDES) levels in the newborn groups were measured with comparing with the control groups. Atomic
absorption spectraphotometer and spectrophotometric methods were used for Cu and Cp measurements respectively. High
Performance Liquid Chromatography (HPLC) was used for the determinarion of DES and IDES, the specific cross-linking
amino acids in elastin, and elastin levels. The results showed that DPA induced copper depletion caused loss of skin elasticity
and reduction in body and lung weight in experimental newborns group. The serum Cu levels and Cp activity in maternal and
newborn experimental groups were found 24.33£3.05mg/dl, 16.3142.96 U/L and 11.70+1.75mg/dl, 3.50+0. 76U/
respectively. In the maternal and newborn of contrel groups Cu and Cp values were 64.38+7.38mgldl, 54.05+4.81U/L,
55.44+4.56mg/dl, 22.96+2.26U/L respectively. The lung DES, IDES and elastin values of control were 24.78+12.81mg/g,
7.16+1.50mglg,  170429.92mglg  wer-tissue and in experimental groups were 10.90+3.83mglg, 4.90x] 58mele,
90.57+24.62mele wet-tissue respectively. The statistical evaluations of data were made using Student-t and Mann-Whitney U
tests according to the number of groups. We found significant difference for Cu levels and Cp activities between cantrol and
experimental groups (p<0.001). DES, IDES and elastin levels showed significant decreases in experimental newborn group
compared with the control group (p=0.0004, p=0.0020, p=0.05). In conclusion; our experimental model includes both
gestational and postnatal periods and this model may be useful for working with the effect of DPA induced copper depletion
on the maturation of the newborn connective tissue. Another conclusion drawn from this study is that Cu depletion in middling
quality due to DPA administration induces change in cross-linking in lung elastin during the perinatal period.
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monstrated to contain less mature elastin than normal
rats (16-18).The effect of DPA on elastin cross-link-
ing is associated with its being a chelating drug arfd
Cu being an important cofactor for lysyl oxidase

INTRODUCTION

D-Penicillamine (dimethylcysteine) is a degradati-
on product of penicillin and is prepared by its hydro-

lysis. Only the D isomer of penicillamine is recom-
mended for clinical application and is used mainly in
the therapy of Wilson's disease (1-3), cystinuria (4)
and rheumatoid arthritis (3). DPA is also an effective
chelator of copper (Cu), mercury, zinc and lead, pro-
moting the excretion of these metals in urine (6). The
wide use of DPA in human therapy and the reports in
the literature associated with pathological events ha-
ve stimulated a series of experimental studies on the
effect of this drug on various organs and systems (7 -
12). Elastin is a rubber-like insoluble protein presents
in mammalian connective tissue (13,14) mostly, liga-
ments, blood vessels and lung. The extreme insolubi-
lity of elastin is due to the presence of covalent cross-
links between groups on the side chains of lysine re-
sidues, which lie in proximity to adjacent polypeptide
chains (15). DPA-treated weaning rats ave been de-

(19). Desmosine (DES) and Isodesmosine (IDES) are
specific cross-linking amino acids and isomers for-
med by the condensation of three-aminoadipic acid d-
semialdehyde (allysine) residues with one lysine resi-
due in elastin (20) and a number of investigations re-
lated to the cross-linking in various pathologies have
been published in literature (21 - 23). Elastic and col-
lagen fibers confer recoil and tensile strength to the
pulmonary vasculature, airways, alveolar walls, and
pleura. These durable extracellular matrix componen-
ts are primarily synthesised during lung development
and growth, and are expressed at very low levels in a-
dult rat lung (24). DPA is the most commonly long-
term used drug in some metabolic diseases such as
Wilson, scleroderma (25). and rheumatoid arthritis,
its usage in pregnancy is a controversial issue becau-
se of an association with a generalised connective lis-





















