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STUDY OF GEROVITAL H, ACTION ON MITOCHONDRIAL
FRACTION IN RAT LIVER AND BRAIN
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Sumnary. The present paper disensses mitochondrinl fraction in rut liver amid brain by study-
imz  the following funetional aspects: Gl action on oxidative phosphorylation, binding
of sodium tons and of procaine hydrochloride to the mitochondrial membrane and the effect
o its struetural integrity at various eoncentrations.

The supplementary release of protons caused by the presence of 21073 and £.10°%M
procaine hydrochloride per mg protein, dependent on the jonie strengths, was at a maximum
at 50 mM NaCl. The procaine molecule, ‘)(IS“E\""_\‘ charged at pll 6.5, is able to form iome
Lond: with the proteins or phospholipids of the mitochondrial membrane, An important
increase of oxvgen and pl:usfhnrue: consumption was produced at the lower GHy; concentra-
tions of 10107 and 3.10°°M per mg mitochondrial protein. Higher GH, concentrations
{10793 per mg protein) produeed an inhibitory effect, blocking ADI phosphorviation to ATI,

Tt is possible that GH; in lower concentrations of 107%M per mg mitochondrial pro-
tein, produces the activation of the respiratory chain enzymes.

As clinical researches and pharmacologic investigations were undertaken with
a view of detecting the mechanism of action of the therapy based on procaine,
the studies earried out on beer yeast. as well as on rat liver homogenate with
the Warburg method [1, 2, 3] showed that the presence of procaine in the fest
tubes determined an inerease of the oxygen consumption due to the activation
by procaine of the processes of oxidative phosphoryvlation,

In 1972, Hrachovee published the results of comparative researches which
showed that Gerovital H, (GH,). (proeaine hydrochloride 29, benzoie acid 0.129
potassium metabisulphite 0.10%,, and disodium phosphate 0.01°,) had a more
pronounced inhibitive action than proeaine hyvdrochloride. upon the monoaminoxi-
dase in the brain, liver and heart of rats [4]. These researches were carried out both
upon homogenates én vitro and upon mitochondrial fractions, after the animals
had been inmjected intraperitoneally. In contrast to the properties of other classieal
MAO inhibitors, it was demonstrated that GH, is a weak, reversible and com-
petitive inhibitor of MAO [5, 6].

We have used the mitochondria to assess the effects of GH, on oxidative
phosphorylation, binding of sodium ions and procaine hydrochloride to mitochon-
drial membrane and the cffect on its structural integrity.

NATERIALS AND METHODS

We nsed female Wistar rats, the groups being divided as follows: young
rats (23 months). adults (6—8 months) and old rats (22—24 months).
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Liver and brain mitochondria were jsolated essentially as deseribed by Sehnei-
der and Hogeboom [7] in 0.25 M suerose, 0.05 M TRIS-HCL, pH 7.4.

Ouvidative phosphorylnfion was measured by elassieal Warbure manometric
methods at 38°C [8]. The main compartment reaction mixture (the final pH 7.5)
consisted of the following components in the Warburg flask: 1.2 ml of a solution
containing 0.02 M TRILS, 0.06 M potassium phosphate, 0.5 M suerose; 0.15 ml
of 0 5%, solution of bovine serum albumine (BSA); 0.6 ml of 0.05 M MgCl, solution;
0.30 ml of 2 solution of hexokinase (12,56 mg/ml); 0.6 ml of the mitochondrial sus-
pension (8—10 mg protein) and 0.1 ml of varions GH, (proeaine) coneentrations,
ranging from 1.5.107% to 1,102 M/mg protein. The side arm contained: 0.15 ml
of a solution of 045 M glucose, 0.15 ml of 0.05 M ADP solution and 0.15 ml of 0.1
suecinate. The central well contained a small wick of filter paper and 0.2 ml of
209, KOH. The reaction was stopped by the addition of 0.65 ml of 109, tri-
chloroacetic aecid. Inorganic phosphate was determined by the method of Fiske-
Subbarow [9].

The binding of Nu™. Mitochondrial fraction from the liver of adult rat was
suspended in 0.25 M sucrose at 50 mg protein per ml. The suspension was kept
at 0°C and used within 4 hours. The pH changes in the mitochondrial suspen-
giong were followed with a combination glass electrode linked to an Orion pli-
meter. From the initial and final pH values the amount of H* produced in
medinm was evaluated. In this experiment pH units were transformed in coneen-
tration of hydrogen ions by logarithmic ealeulation. The binding of Nat* was
measured aceording to the procedure of Gear[10]. Mitochondrial suspension contain-
ing 2.5 mg protein per ml in 0.256 M suerose, was mixed with different Na('l
solutions (80 mM, 160 mM. 240 mM. 520 mM) at three pH values: 6.5.7
and 8. A constant osmolarity of 160 mosM was maintained with suerose excepl
for the final 320 mM NaCL

Biunding of procaine molecule. Rat liver mitochondria were added (5 mg pro-
tein) to make a total volume of 2 ml containing increasing NaCl concentrations
from 80 to 320 mM.at pH 6.5. The net cjection of H™ was monitored. In another expe-
riment the medium contains 2.10 % and 8,107 M procaine hydrochlorie per mg pro-
tein. Results are expressed as nanomoles of H* ejected per mg mitochondrial
protein. Mitochondrial protein was determined by the Lowry procedure [11].

The influence of different eoncentralions of GH, on wmitochondrial protein
coneentration in supernatant was studied at six levels of GH, (M/mg protein)
added to b ml aliquots of mitochondria: 1.5.,107% 3.107%, 1.5.10 4, 3.107%, 1.10°%,
2.1073, These were incubated at 25°C for 10 minutes and then centrifuged at 15000 ¢
for 10 minutes. The protein content was estimated in the supernatant and the
variations were expressed in per cent.

RESULTS

Mitochondrial fractions of rat liver suspended in salt-free isotonic sucrose
with buffered media eontaining NaCl of various coneentrations, release H* ions
into the medium. The amounts of H* released increase with pH and with the
salt concentrations. At pHl 6.5, 7 and 8 the increase of salt concentrations is accon-
panied by a large release of H* into the medium (Table 1).

Measurement of proton release by the mixture of mitochondria with diffe-
rent NaCl concentrations (80 mM, 160 mM, 240 mM, 320 mM) is thus a sensitive
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Table 1

I ejection during proe binding (o rat Niver mllochondria

pH 6.5 pH 7 pll 8
= — . =
H0L 160 | 240 [ 520 80| 160 | 240 | n20 | so| ||'.|1‘

| 240 220
mM L mM | mM | mM | ;A | M| oM | mM | mM| mM

mM | m ¥

means of following a eation binding. Procaine-hydrochloride was therelore added
o 4 sodinm-containing medium at pH 6.5 and the proton ejection monitored during
one minute. The supplementary release of proton caused by the presence of 8,108
M oand 21072 M procaine  hydrochloride per mg protein, dependent on ionic
strengths, was maxinun at 80 mM NaCl

Sinee GH, appeared to be bonnd to mitochondria, it was expeeted that the
effects would be more l'JIlr-'l‘]_\' related to the ratio of rlr'n-_;: |r1itu-_'huu-|1'i:|l |!1’||E--i.'|_
than to the initial molarity of drug in the inenbation medinvm. The results revealed
the variation between 19, and 70%, of protein concentrations in supernatants
with the GH, concentration comprehended between 15,108 M and 2,103 M

1. The ir
ochondrial protem conecentrations at six le
proteint added to 5 ml aliquots of mitochondria: L1077 (A}
A078 {TH), 1530400, 510 (1)), 11073 (E), 2,103 (F).

rent coneet of GHy m

Is of GiHy (M/myg
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per mg of mitochondrial protein (Fig. 1). Having in view this aspect, the effect
was studied of the treatment with GHy in vifro. at various concentrations, on
oxidative phosphorylation. For this purpose the determinations were performed
on rat liver and brain mitochondrial preparations.

The effects of GH, on oxygen consumption and P/O ratio are shown in Tables
2, 3 and 4. The results demonstrate that the treatment with GH, in vifro at two
levels of concentration (L5.10°% M and 30075 M per mg of mitochondril

Tabla 2

Effeet of GH, fa vitee on axvidalive phospherylation and respirtion in liver and brain mitochondrin of younz ml
Ceatoms ng proteis 07}

3 | Liver Brain
liHly con- | gty = =
l'““”r“t-"”' | Oxvgen Phosphorus | Oxyzen Phosphorus
(M/me CONSUI- | COnsim- P CONSUTP- CONSILIL- /o
protein) | tinn tion | tion I tinn |
|
1
208-L008 [ 3842011 1.84-L0.08 2942008 440025 | 1.B=0.04
. - 1 = | _ F s i

Lad0™ | @.71-4+016 1500013 2.00-=0.10 | 062010 13.90=-0.21 | 2.053=006
8 (e B.884.0,08 | 7,05 =000 | 1,94 0,06 L E008 | TBOS016 | 1912008
{9 L 50800040 | L.58-0.10 181004 280012 604014 18040404
(i (e [ 1884006 | 3.46-L0,18 | 1.84L0,02 204008 355000 174008

Eneh value given is an aversge by five animuls (mean £ 8.EAL)

Table 3

Effect of GHly in vilre oo oxidative phosphorsiation and respirmion o tiver and benin mitochondria of adult rat
(paloms/mg proteinfdn |

| Liver l Brain
GH; con- |— = — —=
centration Oxygen  |Phosphorug (rxyveen | Phosphorus |
(M/mg Consinp- | eonsump- Po vonsumps | consump- "/
protein) fon tinn I | tion tian
2054008 | 3.83 +0.25 LET-L0.04 2.40-L0.00 L8018 | 187009

Gt L1G | 12.64 2024 195007 T.10-=0,18 13.633:0.25 | 1.92-0.06

MO 105005 | 796009 | LOIL010 | 5381042 | 0.681022 ) 1802004
B 008 [826.£0.47 | 1802010 | 5240006 [ 6.76.40.16 | 1.78.£0.0¢
B0 0.10 13124023 1.74 0,08 236-+0.04 L16-L0.10) 1.85+0.10
1107 | 1805009 [29220.14 | 1642007 | 150001 | 3.00£0.06| 1602007
LI | 0.8040.08 - 4' | 0454008 |

* BEaoh value ig an average by five aninals (mean £ S E.M.
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Table 4

Effect of GH, i0 vilre on wxidative pliosphorslaiion and respication in Yver and betdn mitochondria of old mal
(o0 atodms ing jirolein/20°)

Liver Mrain
Gy con- | — — S e — —

centration | (yygen | Plhosphoris | | Phosphaorus
(M/mg | COnsuEp-  consump- | I’ COnEIm |- COnsHm)- o
protein) | tion | tien | tion tion
1
| |
- | 200 -£0.09 | 3.784-0.19 1,59 0,08 2.58-+0.11 {42 41,24 1.85 L0000

LO.A07% 16451012 [15,11-40.20) 2.08-£0,07 G.08-L0.18 12.80-4£0.22 | 2,04 40,07

310 | 4.06-£0.13 | .99 L0018 | L9740.04 | 5004010 | 118240381 | 1.92 10,02
45,10 310014 | 5.6040.22 | 1.80+0.12 | 3103008 5,58 020 | 1.BDL005
G.107% : 1.80::0.11 | 3.21 40,16 | L.78-40.07 208 +L0.13 3.75+0a8 | 1784004

Earh value s an averaege for five animals (mean £ 8,053 )

protein) produce an inerease of oxygen and phosphorus consumption with a slight
modifieation of the P/O ratio. GH, concentration at 6.1073 M/mg protein slightly
deereases oxveen conswmption and ADP phosphorylation to ATP. Phosphorylation
activity and mitochondrial respiration in the brain were increased in young, adult
and old rats at two levels of (iH; eoncentration: 1.O.1073M and 3.1078 M per mg
of mitochondrial protein. These effects deerease at the eoncentration of 4.5.10 3
M GHy 61075 M GHy per mg of mitochondrial protein slightly inhibits oxygen
consumption and deereases the P/O ratio. Studies of oxidative phusphor}flanuu
were performed on mitochondrial preparations from the liver and brain of adalt
rats in the presence of GHy at the ratio of L1079 per mg of protein and 1.10°%
M per mg of protein. It \\:h observed that 1.107 G, mg of mitochondrial protein
inhibits oxygen and phosphorus ?mMI!ll]lTluu with a change of the P/O ratios,
and 1.10-33f GH, per mg of protein blocking ADP phosphorylation to ATP.

BISCUSSTON

The release of H* jons in the medinm by the mixture of mitochondria with
different salts solutions represents a sensitive means of following this effect with
proeaine hydrochloride added to the medinm. The process ntlghl be caused by
diapls acement of H* from protonated anionie groups of the mitochondria by the
binding of Na* in good agreement with the data reported by Gear and Le ‘hnin-
gor [10]. Procaine hydrochloride in forming the salt, in aqueous solutions, vields
the positively charged quaternary amine ion, R = NH* for short. Dissolved in
water, the eation is in dissociation equilibrum with the base according to the
following:

R=NH*=2 H*4+ R=N

The direction of this dissociation depends on the prevailing concentration
of hydrogen ions. At pH 6.5 proeaine hydroehloride (pK, = 8.9) is positively
charged and releases HT ion on binding. The suppleme ntary release of protons
cansed by the presence of 8107 M and 2.107* M procaine ]|\'||rn< hloride per mg
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protein dependent on ionic strengths, being at a maxinwm i 80 mM NaCl, sugzests
an analogy between the Na® behaviour and that of quaternary amine apr'(‘.lflr
to the proeaine molecule at pH 6.5,

In many respects mitochondria suspended in suerose solutions behave like
particles of a cation exchange resin in the protonated form, which ean release H
to the media in exchange with a variety of different cations. like quaternary amine
of the procaine moleeule.

Water lysed rat liver mitochondria which have lost about 50%, of the total
mitochondrial protein in soluble forms. were found to release H* when mixed
with NaCl medium [12]. In agreement with the data veported by Gear [9]. dis-
soeinting groups conld be contributed by either the protein o phospholipids of
the membrane, the latter source appears more likely.

Quaternary amine of the procaine molecule positively charged is able o
form iomic bond with eppoesitely charged (€00, POF). Alter Feinstein [13]). pro-
aine oleenles compete with caleinm for charged regions on the polar tails of
phospholipid moleenle. In Fig. 2 is represented o model of bridge complex for-
mation between one procaine moleenle and (wo phospholipid molecules. The polar
aromatic amine (--8) and aliphatic amine groups are shown oriented toward the
oppositely  charged phosphate groups. Proeaine moleenle could  displace Ca**
hound to a variety of phospholipids. in agreement with the relative nonspeeifieity
of salts in promoting HT release from mitochondria.

GiH; with 29 procaine hvdrochloride was tested in vifro for its effects on
oxidative phosphorvlation at various concentrations. The inerease of oxyvgen and
phosphorus consumption was produced at the lower GH, concentrations of 1.5.10°8
M per mg protein and 3.10°% M per mg protein. Higher G, coneentrations
(1003 AL per mg profein) produced inhibitory effeets and damaged membrane integrity,

haline choline
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Fig, 2. — Proposed model of bridge complex formation between one pro-

vaine molecile and  two  phospholipid  molecales,

These results agree with the studies earried out on beer veast as well as upon
rat liver homogenate by the Warburg methoed [1]. Research on yeast suspension
shows that. th'pl nding on the dose. the action of procaine upon respiration was
(hreefold: small doses (0.001%,) had a stimulating effeet. large doses (19,) had
an inhibitory effeet and average doges (0.019;) did not affeet the oxygen con-
sumption.

Previously, we have reported [14] the effeet of GH, on suecinate dehydro-
genase activity in liver and bramn mitochondria. An important inerease of enzyme
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activity at lower GHy coneentrations was found (11075 M per mg protein), cspe-
cially in the nervous tissue. The brain mitochondria are in this respeet much
more sensitive than those extracted from the liver. It is possible that GH, in
lower concentrations stabilises the mitochondrial membrane through fixation on
it. preserving its integrity and, at the swme time, influencing the membrane
transport process and the aetivity of the respiratory chain enzymes,

Résumé. Les recherches ont été effectudes sur la fraetion mitochondriale du foie et du ecer-
vert de rat, en abordant les aspects fonetionnels swivants: Faction du Gérovital Hy sur
i phosphorylation oxvdative, le rattachement des jons de sodium et de la proeaine hydro-
chlurique & la membrane mitochondrinle, ainsi que U'action exercde par le Gérovital I, <o
Uintégrité strueturale mitochondriale aux diverses eoncentrations.

La libération supplémentaire de protons, produite par 2007 — 81073 M procaine
hyvdrochlorigue par mg de protéine, dépend de la teneur fonigue, en présentant un maximum
a 80 m M NaClL La moléenle de procaine ehargée positivement & pll = 6.5 est en mesure e
former des laisons joniques avee les protéines ou les phospholipides de lo membrane mito-
chondeiale, Gérovital Tlg, & de petites concentrations, de Vordre e 1,6.10°% — 3,107\ paar
my. e protéine mitochondriale, détermine wne consommation angmentée doxygine et de
phosphere.

Les eonventritions p!li.-i gr:ulllrs de Giérovital ”r de Pordre de 1073M par mg il pro:
téine, ont un effet inhibiteor, en bloguant Ja phosphorylation de PADP a I'ATP.

1l est ||u:=:~'ihh‘ que le (rérovitnl H,, en concentration de Vordre de 107 M par myg
de protéine mitochondriale, produise une petivation des enzvmes e Ta chaine respiratoire,
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