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HNE (4-hydroxynonenal) Metabolism &
Its Age Dependency

AABBSSTTRRAACCTT  Mammalian cells possess highly active pathways of aldehyde including 4-hydrox-
ynonenal (HNE) metabolism. As primary HNE products in many cell types the HNE-glutathione
conjugate (HNE-GSH), the hydroxynonenoic acid (HNA) and the corresponding alcohol – 1,4-di-
hydroxynonene (DHN) were identified. The very rapid HNE metabolism underlines the role of
HNE degrading pathways as important part of the secondary antioxidative defense mechanisms in
order to protect proteins from modification by oxidative stress products. 
From blood plasma and various tissues of human beings and further mammalian species it is known,
that HNE levels increase with increasing age. It is not clarified if that is due to whether accelerated
formation of HNE or to diminished metabolism of this compound. In the model of human skin fi-
broblasts from donors of different age the age dependency of HNE degradation rate was analyzed.
It was found, that the overall HNE degradation rate strongly decreases with age. Both the forma-
tion of HNE-GSH (due to reducing intracellular GSH) and of HNA are reduced with increasing age.
It is concluded, that the drastically diminishing HNE metabolism contributes strongly to increas-
ing HNE levels with age.
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ÖÖZZEETT  Memeli hücreleri, 4-hidroksinonenal (HNE) metabolizması dahil olmak üzere yüksek
derecede aktif aldehid yollarına sahiptirler. Çoğu hücre türündeki birincil HNE ürünü olarak, HNE-
glutation konjugat  (HNE-GSH), hidroksinonenoik asit (HNA) ve ilgili alkol– 1,4-dihidroksinonen
(DHN) belirlenmiştir. Çok hızlı HNE metabolizması, proteinleri oksidatif stres ürünleri ile
modifikasyondan korumak için ikincil  antioksidatif savunma mekanizmalarının önemli bir parçası
olarak HNE degrade edici yolların rolünü ortaya koyar. 
Plazmadan, çeşitli insan dokularından ve diğer memeli türlerinden, HNE seviyelerinin artan yaş ile
birlikte yükseldiği bilinmektedir. Bunun sebebinin HNE oluşumunun hızlanması mı  yoksa bu
bileşenin azalan metabolizması mı olduğu bilinmiyor. Farklı yaştaki donörlerden alınan insan cildi
fibroblastlarından, HNE degradasyon oranının yaşa bağımlılığı analiz edildi. Genel HNE
degradasyon oranının yaş ile birlikte yüksek oranda düştüğü bulundu. Hem HNE-GSH (azalan
hücreler arası GSH nedeniyle) ve HNA oluşumu artan yaş ile birlikte düşüşe geçmektedir. Büyük
ölçüde zayıflayan HNE metabolizması yaş ile birlikte artan HNE seviyelerine büyük katkı sağlar.
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HNE (4-HYDROXYNONENAL) LEVEL AS
BIOMARKER OF OXIDATIVE STRESS AND 
AGING

he le vels of li pid pe ro xi da ti on (LPO) pro ducts
such as MDA (ma lon di al dehy de) and HNE (4-hy-
droxy no ne nal) in cre a se in hu man se rum with in-

cre a sing age. That age-de pen dency is al so tru e for MDA,
HNE, and al so for pro te in car bonyl con cen tra ti ons in
dif fe rent cells and tis su es. The MDA and HNE ac cu mu -
la ti on in se rum cor re la tes with a dec re a se of GSH and an
in cre a se of di sul fi de in red blo od cells.1-4 The ac cu mu la -
ti on of LPO pro ducts such as HNE may be du e to an in-
cre a sed for ma ti on ra te and/or to a dec re a sed ra te of the
re mo val of LPO pro ducts. 

THE PATHWAYS OF HNE METABOLISM

HNE is ra pidly me ta bo li zed in eu ca ri o tic cells.5,6 The ve-
lo city and the pat tern of HNE me ta bo lism we re stu di ed
in va ri o us cell types, furt her mo re in sub cel lu lar or ga -
nel les, and even in who le or ga nisms. HNE me ta bo lism
was stu di ed in he pa tocy tes, he pa to ma cells, as ci tes tu -
mor cells, mu co sal cells, syno vi al fib rob lasts, thymocy -
tes, in vas cu lar smo oth musc le cells and al so in or gans
such as he art and kid ney.7-25 The ra pid HNE deg ra da ti on
and in tra cel lu lar me ta bo lism imp li ca tes that HNE en ters
ra pidly the cells. The ve lo city of HNE entry in to the cells
was tra cer ki ne ti cally ob ser ved in va ri o us cell types.17

In all stu di es the ove rall me ta bo lic ra te of exo ge no -
usly ad ded HNE was so high, that al re ady wit hin a few
mi nu tes or even fas ter equ i lib ri um con cen tra ti ons in the
na no mo lar ran ge we re ob ta i ned. From the se ex pe ri -
ments one can al so conc lu de, that HNE even at very high
li pid pe ro xi da ti on ra tes ne ver can ac cu mu la te to hig her
and hig her le vels. The hig hest le vel which we ever me -
a su red was 6.5 μM.26 That was analy zed in ex pe ri ments
with rat in tes ti ne du ring pos tisc he mic re per fu si on pe ri -
od. In all ex pe ri men tal mo dels which we re in ves ti ga ted
a mul ti tu de of HNE me ta bo li tes was iden ti fi ed and qu -
an ti fi ed. Ho we ver, one may se pa ra te the se me ta bo li tes
in to pri mary and se con dary in ter me di a tes. The pri mary
me ta bo li tes – HNE-GSH, HNA and DHN which are for -
med by the ma in enz ymes in vol ved in HNE me ta bo lism:
glu tat hi o ne trans fe ra ses, al dehy de dehy dro-ge na ses, and
al co hol dehy dro ge na ses - are un der go ing furt her me ta -
bo lic con ver si on le a ding to se con dary in ter me di a tes.5,6
So me of the se con dary in ter me di a tes are stab le end pro -
ducts. Pos sibly one may use be si de the HNE it self stab le
HNE pro ducts – such as mer cap tu ric acids - as bi o mar -
kers for oxi da ti ve stress and aging, to o. 

HNE METABOLISM AS AN IMPORTANT
COMPONENT OF 
ANTIOXIDATIVE DEFENSE

The ca ta bo lism of HNE is a very im por tant part of the
an ti o xi da ti ve de fen se system of cells and or ga nisms.5,6

This is du e to the fact, that HNE as ot her al dehy dic pro -
ducts of LPO is ab le to exert cyto to xic, mu ta ge nic, sig nal,
and can ce ro ge nic ef fects. If HNE can be deg ra ded to less
to xic in ter me di a tes, that di mi nis hes the re ac ti ons bet -
we en HNE and bi o mo le cu les and, the re fo re, ef fec ti vely
con tri bu tes to the an ti o xi da ti ve pro tec ti on of cells and
or ga nisms. This pro tec ti ve ef fect is mo re ef fec ti ve as mo -
re ra pid the me ta bo lism of HNE le ads to stab le HNE pro -
ducts, which can be ea sily ex cre ted.5,6,22-25

As mo re slow the me ta bo lic path ways of HNE are
as mo re HNE re acts di rectly with bi o mo le cu les such as
pro te ins and pep ti des le a ding to func ti o nal de te ri o ra ti on
up to func ti o nal loss of the se bi o mo le cu les. The pri mary
im por tan ce of HNE-deg ra ding path ways as one im por -
tant part of the an ti o xi da ti ve de fen se system, which
func ti ons al so at physi o lo gi cal and pat hoph ysi o lo gi cal
HNE le vels, se ems to be the pro tec ti on of pro te ins from
mo di fi ca ti on by al dehy dic LPO pro ducts. That wo uld be
va lid es pe ci ally in re gi ons with high HNE for ma ti on ra -
te such as in pos tisc he mic or re per fu sed tis su es or in syn-
o vi al tis su e of jo ints du ring rhe u ma to id art hri tis and
un der ot her inf lam ma tory con di ti ons.5,6,27-37

HNE METABOLISM IN FIBROBLAST

The ve lo city of HNE me ta bo lism in pri mary syno vi al fi-
b rob lasts was high, in one ran ge with that in he pa tocy -
tes, thymocy tes etc.10,17,18 The oxi da ti ve path ways of
HNE me ta bo lism we re mar kedly hig her than the re duc -
ti ve path ways. HNA and se con dary pro ducts of HNA
such as mem bers of cit ric acid cycle and wa ter – for med
ma inly in the mi toc hon dri a - and GSH-HNE con ju ga te
we re the qu an ti ta ti vely le a ding pro ducts in HNE deg ra -
da ti on of fib rob lasts. Si mi lar da ta on the pat tern of HNE
me ta bo li tes we re ob ta i ned with skin fib rob lasts.

AGE-DEPENDENT DECREASE OF
HNE DEGRADATION RATE IN 
HUMAN SKIN FIBROBLASTS

The HNE deg ra da ti on ra te was me a su red in hu man skin
fib rob lasts of do nors of dif fe rent age (bet we en 20 and 90
ye ars). Ad di ti o nally, the ra te of oxi da ti ve path ways was
qu an ti fi ed by HNA me a su re ment. Furt her mo re, glu tat -
hi o ne was analy zed to es tab lish GSH con sump ti on for
the for ma ti on of HNE-GSH. 
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The most im por tant re sults which we re ob ta i ned
we re: In skin fib rob lasts the HNE deg ra da ti on ra te
strongly dec re a ses with in cre a sing age of the cell do nors.
In fib rob lasts the re duc ti on of the HNE me ta bo lism is
du e at le ast to two fac tors: one fac tor is the lo we ring glu-
tat hi o ne con cen tra ti on with age le a ding to a dec re a sed
ca pa city for the for ma ti on of HNE-GSH con ju ga te, a ma -
jor pri mary HNE in ter me di a te. A se cond fac tor is the de-
c re a sed for ma ti on of HNA as anot her ma jor pri mary
HNE me ta bo li te. 

The dec re a se of ove rall HNE deg ra da ti on ra te in fi-

b rob lasts from do nors with in cre a sing age is an in di ca tor
for a re duc ti on of the me ta bo lism of al dehy dic LPO pro -
ducts such as HNE du ring aging.

The fin dings con firm the as sump ti on that in cre a -
ses in LPO pro duct le vels du ring aging are du e rat her to
lo we ring ra tes of me ta bo lism of LPO pro ducts than to
in cre a sed oxi da ti ve stress inc lu ding li pid oxi da ti on it self.
Hor me tic pro-aging pro tec ti on, the re fo re, co uld be di-
rec ted to im pro ved se con dary an ti o xi da ti ve enz yma tic
mec ha nisms such as HNE me ta bo lism rat her than to di-
rect an ti o xi da ti ve pro tec ti on aga inst LPO.
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