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KONZENTRATION DER NIKOTINAMID-KOENZYME UND AKTIVITÄT EINIGER ENZY
ME DER ATMUNGSKETTE UNTER DEM EINFLUSS DER NITRITE 

N. Nestorov, N. Ivanöv, J. Profiröv 
Institut für Fleischwirtschaft - Sofia 

Zusammenfassung
Es wurden Untersuchungen durchgeführt über die Gesamtzellenkonzen- 
tration der oxydierten Formen der Nikotinamid-Koenzyme (NAD* und 
NADP+), den Sauerstoffverbrauch, die Aktivität der NADH-Zytochrom 
C Reduktase, der Sukzinat-Dehydrogenase und der Zytochromoxydase 
in von der Leber und von der femoralen Muskulatur isolierten Mito- 
chondrien, sowie auch über den Prozentgehalt an Methämoglobin im 
Blut von Ratten, die wahrend JO Tage mit frischen, verschiedene 
Natriumnitritmengen enthaltenden Brühwürsten verfüttert wurden.
Der Versuch wurde mit 3 Gruppen von je 10 weissen männlichen Rat
ten durchgeführt. Die erste Gruppe erhielt Würste, die kein NaNO^ 
enthielten, die zweite Gruppe - Würste mit einem normalen NaN02- 
Gehalt (8 mg %) und die dritte Gruppe - Würste mit einem 4-mal hö
heren NaN02-Gehalt (32 mg %).
Die Verfütterung mit NaN02 enthaltenden Würsten verursachte eine 
Verminderung des Sauerstoffverbrauches des Leberhomogenisates und 
eine Erhöhung der Aktivität der NADH-ZytochTom C-Reduktase und 
der Zytochrom-Reduktase in den Lebermitochondrien. Diese Ergebnis
se sind nur bei der Gruppe, die mit Würsten mit einem 4-mal höhe
ren NaN02~Gehalt verfüttert wurde, mathematisch gesichert.
Die Aktivität der untersuchten Mitochondrienenzyme ist ein Hin
weis dafür, dass man den verringerten Sauerstoffverbrauch auf ein 
anderes angegriffene Glied der Atmungskette oder auf eine verrin
gerte Zufuhr von zu oxydierenden Substraten zurückführen konnte.
Den erhöhten Gehalt an oxydierten Formen der Nikotinamid-Koenzyme 
kann man teilweise mit der NADH-Zytochrom C-Reduktase verbinden, 
sowie auch mit der Oxydation der reduzierten Koenzyme in einem 
System von Reaktionen, die zu einer Reduktion des NaN02 zu NO 
führen.
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Résumé

Des études ont été effectuées sur la concentration celWlf^ 
globale des formes oxydés des coenzymes nicotinamidiques (NAD 
NADP*), la consommation d'oxygène, l'activité de la NADH - 
chrome C - reductase, de la succinate - déhydrogénase, de 1* 
chrome - oxydase dans des mitochondres, isolées du foie et <1® ^  
musculature fémorale, ainsi que le pourcentage de la méthémoS*0̂  
ne dans le sang de rats, nourris pendant 30 ¿jours avec des 0flUodiu®'sons cuits-fumés à une quantité différente du nitrite de so< 

L'expérience a porté sur trois groupes de 10 rats blancs* 
premier groupe a reçu des saucissons ne contenants pas de Na^2’ 
le deuxième groupe - des saucissons contenants la quantité hat)i 
tuelle de NaN02 (8 mg %) et le troisième - des saucissons coPte 
nants une quantité de NaN02 quatre fois plus élevée (3 2 mg ^

L'alimentation à saucissons contenant du NaN02 provoque di'

minution de la consommation d'oxygène de l'homogénat de foi0 et

l'accroissement de l'activité de la NADH - cytochrome C - rédUÎ
.et*'

se et de la cytochromréductase dans les mitochondres du foi0. 0&s

résultats sont prouvés mathématiquement pour le groupe rece’»van*
des saucissons à une quantité de NaN02 quatre fois plus éiev®0^  

L'activité des enzymes mitochondriques étudiés montre <lüe 
consommation réduite d'oxygène peut etre due à l'atteinte d,u,a
autre maillau de la chaîne respiratoire ou à l'apport dimi^1jnué 1

substrats à oxyder. La teneur élevée des formes oxydées des NA$zymes nicotinamidiques peut être liée partiellement avec la 
cytochrome C - réductase et l'oxydation des coenzymes dimiDU^

Na$°Zdans un système de réactions qui mènent à la réduction de 
au NO.

CONCENTRATION OF NICOTINE AMIDE COENZYMES AND ACTIVITY OF SOME 
ENZYMES FROM THE RESPIRATORY CHAIN UNDER THE ACTION OF NITRITES 
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Summary
Studied was the allcellular concentration of oxydized forms of ni- 
cotineamide coenzymes (NAD* and NADP*), oxygen demand, activity 
of NADH-cytochrome C-reductase, succinatedehydrogenase and cyto- 
chromoxydase in mitochondria isolated from liver and thigh musclee 
and percentages of metchaemoglobine in the blood of rats fed for 
30 days with fresh coocked sausages, containing different quanti
ties of sodium nitrite.
The test was made with three groups, each of 10 white male rats. 
The first group received sausages without NaN02, the second with 
normal quantity of NaN02 (8 mg %) and the third with four times 
higher content of NaN02 (32 mg %).
Feeding with sausages containing NaN02 evoked a lowering of oxy
gen demand of the liver homogenate and on increase of NADH-cyto
chrome C-reductase activity as well as the cytochromereductase in 
the liver mitochondria which was mathematically proved only with 
the group receiving four times higher content of NaN02»
The activity of the investigated mitochondrial enzymes shows that 
the diminuished oxygen need could be the result of on impairement 
of another link in the respiratory chain or a lower inflow of sub
strates for oxydation. The increased content of the oxydized forme 
of the nicotineamide coenzymes we could partly link with the NADH 
cytochrome C-reductase and on oxydation of the reduced coenzymes 
in a system of reactions, leading to a reduction of NaN02 to NO.

KOHItEHTPAliHH H0KOT0HAM11ÆHHX K03H3HM0B H AKTHBHOCTi HEKOTOi’1* 
MOB ÄHXATiüiLHQii KEIM IlPtf flEldCTBBH HMTP0TOB 

H.HeciopoB, H.HBaHOB, fl.Dpa$apOB 
Uhcth TyT uhchoA npoMiumieHHOCT» -  Co$bh

AHHOiaitfH H»*»*"1*’
,0*í°

HcMeaoBatia oCnemieioRHas KOHuempamiH o k h c m h h u x  $opM 
HBRHEX KO3H3UU0B (NAD+ II NADF+ ) ,  nOTpe&leHMe KHCAOpOSH 
h o c t b  miMxpoM C-peajKTa3ti, cyKiDfHaTaeniaporeHa3R a naioxp' 
M3N b MBToroHAP*«x, M30MpoBaHHux Ha ne<ieHH a öeapeHBoti «  
Typu, a npORSHT ueireMornoCHHa b k p o b m  Kpsc, oTKopujieHHRX 
Hae 30 a«ea BapeHtma Koaöacaiui c pa3JU!'iHiui coaepxaiueii 811 Haipan.
Ohht npoBeseH Ha ipex rpynnax oaimoB-Kpuc no 10 xbbothhx

¡¡or

oK
I rpynna nonyiana Konöacu öes NaN0? , I I  rpynna -  Hopuani8“^  -r
R6CTB0 NaN02 (8 nr %) a III - b 4 pa3a OojiLiuee cosepxaHHe 
NaNO»
lia T3HH6 Kpuc KOJiöacaua, coaep*anaua NaNO.

e I,°r
w2 , BR3B3JI0 Sf"

peöjieHHH KHonopoaa roiioreHaiou neneHH a yBajia>ieHHe 
Toxpou C-peayKTaau a naraxpoupeayKTasR b  i u i i o x o h a p h h x  ne1* 
S0KB3aH0 uaienaTB>iecKH tojibko y Kpuc, noxynaionax KOAÖacH 
mail coaepxaHHeu HHTpaia ( I I I  rpynna).

AKiaBHOOTi HccneaoBaHHRX uHTOXOHapHaniHHX 3H3HU0B noKa3i 
yueHiieHae noipeöneHHH Kacnopoaa npoaoxosai, b s p o b t h o ,
Te noBpeiaeHHH HeKOToporo apyroro 3BeHa auxaieniHoA nelUI y?ejii,)6‘ 
CHH6TCH y u e H M e H a e u  nooiynjieHHH oyCcipaia ana OKHcneHHfl- 
Hoe ooaepiaHHe o k h c h 6h h r x  $opu HHKOTHHauaaHRx k o 3h 3Bu o e ’
H00TH, UR uoxeu CBH3aTï C NADH-imTOXpOU C-peayKTa30ii a c eai¡i¡)lü' 
HBeu OKHOAHTeiiHO-BOCOTaHOBHTeniHRX K03H3HU0B B CaCT8Me P 
BOociaHaBJuaBacmax n «n o 2 b k o .
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^CENTRATION O? NICOTINEÀM3DE COENZYMES AND ACTIVITY OP SOME
^ZYMES pro m the r es p i r a t o r y c hain u nder the action o p nitrites
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 ̂ The widespread use of nitrites in the food industry, impedes 
®Per investigations of their action on the different biochemical 

^cesses in the organism.
Better information for the technological use of nitrates and 

^■^ites, and the metabolicàl action of nitrosamines, could be seen 
the review of Wolf and Wasserman,1972.
In the present paper, we tried to investigate the influence 

the increased quantities of nitrites and coenzymes having connec 
*°b with the biological exydation.

.Material and Methodics
The test was made with three groups of young male white rats 
in age, and having a liveweight of 150 g each.The first group 

c®ived a determined quantity of fresh coocked and smAked sausage 
^thout nitrite, the second group - the same sausage containing 
^5% NaN0 2 * the third — sausage containing fourfold quantity nit—

- 52 m^6. Feeding of the rats was made only with the said free! 
aii8ages and continued for 3 0 - 3 5  days. During this period the 
^®als did not receive any other food. On the 30 - 35 <lay the 

s were killed, and the oxygen need of liver and muscle tissue
Of
*Uc,

Established, the allceljular concentration of oxydAsed forms 
the nicotineamide coenzymes and the activity of cytochromoxydase
’c ibe dehydroge: and NADH—cytochron-C— reductase in the mito—

 ̂°ahria of liver and thigh muscles. Also, the percentage of met— 
^oglobine was established.
^  The oxygen consumption of liver and thigh muscles was establi— 

manometrically with the Warburg apparatus by incubation of ho- 
^Senate for 30 min at 37°C in media containing 120 mM of NaCl,
0f 11114 of tris-Cl with pH = 7-h, 3 mM of K2HP04, 1 mM of MgCl2,and 
 ̂ csCl2. The vessels contained 2.8 ml buffer and 0.2 ml 10% KOH 
^  the side branch. The concentration of NAD+ and NADF+ was estab—
 ̂ spectrophotometrically after the method of Ciotti and Kap- 
^'^956. Mitochondria were isolated after the method of Schneider

and Hageboom (1950) in 0,25 M saccharose and centrifugation at 
8,500 x g. The activity of cytochrome oxidase, succinatehydro- 
genase and NADH-cytochrom-C reduction was determined spectropho
tometrically on tha bases of changes in extinction ( E), measu
red at 550 NM following the oxydation, respectively the reduction 
of cytochrom C (Cooperstein and Lazarov, 1951» Goulidova and So
rokina, 19^7» Mahler, 1955)» The reduction of the cytochrom C was 
made with sodium hydrosulfite. The methaemoglobine in the blood 
was determined after the method of Evelyn and Malloy (1938).

Results and Diskussion
After evaluation of the quantity of sausage used for feeding the 
experimental animals, it was established, that the rats of the 
second group had consumed about 10 mg nitrite to a kilogram live- 
weight, and those of the third group - about 40 mg. While feeding 
with sausages after the accepted pattern, the weight gains of 
the rats from the different groups was almost one and the same, 
with a certain tendency of an increase for the second group.
Por 30 days the rats from group one gained 66 g, from group two — 
72 g and from group three - 65 g.
Pathologic—anatomical changes in the liver and stomach were not 
observed.
Prom table 1 is seen, that feeding with sausages, containing nit
rite leads to a decrease of oxigen consumption of the liver tis
sue almdst with 16%, which is mathematically true only for the 
third group, receiving an increased amount of nitrite. The oxy
gen consumption of muscle tissue from the animals receiving nit
rite, showed a slight tendency towards decrease. The higher level 
of nitrite increases the concentration of nicotineamid coenzyms 
oxyforms (table 2) while normal quantities do not.
The activity of cytochromoxidase (table 3) in the mitochondria 
of the liver is increased under the influence of feeding sausa
ges with about 30%, but mathematically this is true only for tne 
difference between the control group and the group receiving 
higher nitrite quantities» In the thigh muscles, the activity 
of the enzyme does not change significantly.

flavine coenzymes, ascorbic acid and others, which can be an en
zymatic or nonenzymatic process is a well Vr̂ cwn fact (Pox, 1966; 
Brown and Snyder, 1969)» but for the liver the expenditure of 
hydrogen following this pattern, has no big significance. We be
lieve, that in it, there is a deviation of H from the respirato
ry chain, mainly following the second pattern - reduction of ni
trite to nitrogen oxyde.
The formation of NO from nitrite with the participation of NADH 
is shown by Evans and McAuliffe (1956), and Fox and Ackerman 
(1968), while Koizumi and Brown (1971) prove that this process 
could be effected also with the participation of NADFH. The re
duction cculd be enzymatic and nonenzymatic. Walter et al.(1968) 
propose the following scheme for reduction of nitrite by the in
termediary of reducted cytochrom C and reduced NADH.

NO" ♦ Fe (II) Cyt.C ---NOFe (Ill)Cyt. C
NOPe (Ill)Cyt.C + NADH NO + Fe(II)Cyt.C

It is established also, that nitrite and NO interact with SH 
groups (Mima et al., 1969, 1974) which could also reflect on 
the biological oxydation.
The increased concentration of oxydised forms of nic otineamid 
coenzymes, which we establish in feeding to rats, we explain 
namely with oxydation of their reduced forms by the said patte 
and as a result of the higher activity of NADH-cytochrom-C-re- 
ductase.

Conclusion
Feeding rats for one month with fresh coocked and smoked sau
sages containing 8 and 32 % of sodium nitrite, evokes a decrease 
of oxygen consumption of liver and an increase of the activity 
of cytochromoxydase and NADH-cytochrom-C-reductase in liver mi
tochondria, which is mathematically true only for the groups 
receiving sausages with a fourfold conteite of nitrite in com
parison with the control. In the group is increased the content
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of NAD* and NADF. The activity of succinatedehydrogenase does 
not change under the influence of nitrite.
The thigh muscles do not exhibit any changes for the different 
groups of rats. The percentage of methaemoglobine in the blood 
does not exhibit any changes also.
The activity of the investigated mitochondrial enzymes show, 
that the decreased oxygen consumption of the liver is a result 
of an effect from some other link in the respiratory chain or 
there is a limit to H abundancy.
We believe, that a part of the hydrogen is deviated, and instead 
of being used in the respiratory chain it is used for the reduc
tion of nitrate to NO. The increased content of oxydlsed forms 
of nicotineamide coenzymes we assign namely to rhis and the 
higher activity of NADH-cytochrom-C-reductase.

Table 1
Oxygen consumption of liver and thigh 

muscles homogenates (ml/ 3 0  m)g fresh tissue
'■'\j3roup fed with 

^ \ 8 a u s  age s
Tissue

no NaN02 8 mg/ % 
NaN02

52 mg/ % 
NaK02 n

555 297 296* 8
100 % 85,7 % 85,4 %

Thigh muscles 81
100 %

79
91,9 %

75
90,1 %

9

• p ^0,05

Table 2
Allcellular concentration of NAD+ and 

NADF /mg/g fresh tissue
*s— -»^oup fed with 

^'"^^sausages 
Tissue

no NaN02 8 mg/ % 
NaN02 32 mg/ % 

NaN02 n

L i v e r 735 
100 %

751
99,5 %

812* 
111 %

8

Thigh muscles 49
100 %

45
9 1 ,8  %

45
91,8 %

9

‘P <0,05

Percentage of methaemoglobine to 
total haemoglobine in the blood

Table 6

\ - ä £ o u p  f8d *ith no HaN0o ^"\^sausages 2
Tissue

8 mg/ % 
NaN02 32 mg/ % NaN02 n

L i v e r
2,10 

100 %
2,40 

114,3 %
2.29 

109,1 %
9

Thigh muscles 

• p <  0,05

363 
100 %

384
106,1 %

364
100,1

9

Tab1® ̂
Activity of cytochromoxydase 

/n moles/m/mg mitochondrial protein
'̂ ■''-ijroup fed with 

^'''\sausage s 
Tissue

no NaN02 8 mg/ % 
NaN02

32 mg/ % 
NaN02 a

L i v e r
81

100 %
105 

130 %
104* 

128 %
8

Thigh muscles 93
100 %

96
103,2 %

84
90,3 %

9

• p <  0,05
Tab1® 4

Actvity of succinate dehydrogenase 
/n moles/m/mg mitochondrial protein

^'"-'-^oup fed with 
^'''\saus ages

Tissue ^
no NaN02 8 mg/ % 

NaN02 32 mg/ % 
NaN02

n

L i v e r 29
100 %

26
89,6 %

50
103,5 %

8

Thigh muscles 19
100 %

16
84,2 %

17
89,5 *

9

Tati« 5
Activity of NADH-cytochrom-C-reductase 
/n moles/m/mg mitochondrial protein
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