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In recent years researchers have been devoting particular attention to different classes
of compounds which are converted into more active derivatives in the human body and in the
bodies of experimental animals and which have been designated 'precursor drugs.'" Differ-
ences between the activities of the original substances and their metabolites are the result
of a number of factors among which the following can be distinguished: 1) conversion of a
polar molecule into a less polar molecule making it more lipophilic, and consequently facil-
itating its transport across biological membranes, 2) changes in the rate at which the sub-
stances are excreted from the body, 3) increased intrahepatic circulation, and 4) redistri-
bution of the metabolites among the organs and tissues. 1In some cases ''precursor drugs' are
inferior to a metabolite in activity, but at the same time have a longer duration of activity.

Most often the physiological activity of "precursor drugs" is achieved as a result of
their dealkylation [1], oxidation of the alkyl chain of heterocyclic rings [2], oxidation of
tertiary amines to their corresponding N-oxides [3, 4] or splitting of the peptide bonds in
peptidoaminobenzophenones [5]. 1In some cases the unstable intermediary products of the
metabolism of heterocyclic compounds, especially carbinolamines [6, 7], may turn out to be
more active.

In the present work we conducted a search for anticonvulsant compounds which, as a re-
sult of dehalogenation or deacetylation in the bodies of white rats and mice, are converted
into 1,4-benzodiazepine derivatives.

RESULTS AND DISCUSSION

Administration of 5-chloro-2-[acetamido (acetamido) ]benzophenone (I) to mice results in its
being metabolized. Partition of chloroform liver extract fromanimals to which the substance was
administered has revealed the presence of two metabolites having Rf values of 0.62 and 0,32,
Identification of the compounds formed by physicochemical techniques has shown them to be
the corresponding 1,4-benzodiazepin-2-one (III) and its 3-hydroxyderivative (TV). We pre-
sume that the open form of probenzodiazepine (II) may be the intermediary product of the de-
acetylation of T which at physiological pH spontaneously forms a ring, thus producing the
corresponding 1,4-benzodiazepine.

MHGOGH, NHGO Gty NHCOGH ; NH
———— —_——
Gl — 0 ol —O
Cells CoHs
[ I
4 0 o
NH « NH.
cl =N cl =N
CuHs Gotis
I r

Further conversion of compounds III and IV is accomplished by the liver microsome hy-
droxylating complex of animals [8]. It should be mentioned that compounds III and IV are
currently being used in clinical practice in the form of the preparations nordiazepam [9] and
oxazepam [10], respectively.

The distribution of the original compound and its metabolites in certain mouse organs
and tissues is different (Table 1). A change in the concentration of the original substance
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TABLE 1. Concentration of I and Its Metabolites III and IV in
the Liver, Blood Plasma, and Brain of Mice Following Intra-

peritoneal Administration of the Original Compound in a Dose of
20 mg/kg (M *m)

Time period studied, min

Object studied Compound 15 | 30 | 120 ! 180

amount of the substance, {g in 1 mg (per ml)
I 26,0=0,25 | 19,2=0,38 1 17,5=0,14 g?igég
i 111 4,870,11 11,0=0,15 | 14,7=0,28 | 12,1=20,32
Liver v — — 5,270,20 6,4==0,50
1 16,6==0,31 | 30,0==1,15 | 27,6=0.95 | 20,2+0,98
Blood plasma 11 10,10,24 | 18,620,561 | 20,6=0,88 | 15,7+0,63
v — — 2,3%0,10 5,2720,42
I 10,2=0,21] 16,3=0,30 8,220,42 5,56=20,26
Brain 11 14,20,57 1 18,7%0,32 | 19,6=1.0 16,3=0,47
v — — — 3,8%=0,12

TABLE 2., Comparative Activity of 5-Substituted 2-[Acetamido~

(acetamido) ]-benzophenone Following Intraperitoneal Admin-
istration

Time period studied, h

I ! : I i

antagonism against the convulsant activity of corazole's EDy,, mg /kg

Com-~

pound 2 6 8

|
1 9 (7,4=10,2)] 11,5(7+ 15,6)
\4 3,0(1,9+4,5) | 6,2(2,8+10,6)

Note. The range of figures is indicated both here and in

Table 4.

TABLE 3. Concentration of IX and Its Acetyl Derivative X in
the Organs and Tissues of Mice and Rats to Which the Original
Compound Had Been Administered in Doses of 20 and 10 mg/kg,
Respectively (M +mnm)

} Time period studied, min
Object studied Compound 5 | 15 I 30 | 120
amount of the substance, Ug in 1 mg (per ml)
Mice

Liver IX 19,1=1,20 | 26,5=0,52 | 20,0=0,7! | 17,3=0,24
X 11,2==0,75 | 13,6=0,95 | 14,6=0,88 | 17,9=1,14

Blood plasma IX 10,2==0,33 | 16,4=0,84 | 12,6==0,56 | 18,5=0,56
X 6,7=0,11 9,4=%+=1,58 | 12,2=1,65 | 15,8=1,02

Brain X 8,6=0,62 | 17,6==1,02 | 21,5==2,73 | 19,1==0,55
X ] — 9,50,98 9,10,61 | 12,0==0,23

Rats

Liver IX 11,7%=0,64 | 16,472,43 | 26,4%=2,02 | 19,2=2,11
. X 6,6=+0,92 9,8==0,42 | 17,7=1,72 | 12,6=2,33

Blood plasma IX 15,4=*1,1 16,5==0,90 8,0=0,83 7,3%=0,12
X — 5,6=0,47 9,4=0,68 8,4=%0,93

Brain IX 6,270,42 8,2%0,15 | 15,4=1,04 | 20,1==1,20
X — 3,6%+0,12 9,8%0,78 | 10,570,93

and an increase in its metabolites 1is seen in the liver over a period from 15 min to 2 h

after the administration of compound I to the animals.

plasma. However, the results obtained for this b
unexpected, Usually a different pattern is seen

tion in the liver is significantly higher than in the blood [11-13].

A similar picture is seen in blood
iological fluid have proved to be somewhat
for 1,4-benzodiazepines; their concentra-
The possibility that

this difference is dependent on the physicochemical properties of the benzodiazepine mole-

cule has not been excluded.‘

Qualitative analysis of the metabolism of 5-

nitro-2-[acetamido (acetamido) |benzophenone

(V) in the bodies of mice has shown that only the original compound is found on thin-layer
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chromatograms after 30 min. After 2 h there are traces of a metabolite with an R¢ of 0.65.
The R¢ value, color in UV-light, color reaction for nitrazepam by treatment of the chroma~
tograms with a 2% solution of 4-dimethylaminobenzaldehyde in a mixture of acetic and hydro-
chloric acids (red reaction product), as well as the UV-spectrum of the metabolite, corre-
sponded to similar indices for nitrazepam (VII). Just as in the previous instance, cycliza-
tion of substance V occurs via substance VI.

NHCOCH, ‘NHCOCH- NHCOGHZNHl HH
AU /@;
O, =0 0N Ot

C.H= Cells CeHs
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The concentration of metabolite VII in the liver rises considerably 3-4 h after dosing.
In addition to these substances, an unidentified metabolite with an Rf of 0.83 and a Apax
at 212, 266, and 376 nm has been detected on the sheets. The possibility that this metabo-
lite may be an analog of V or VI with a reduced nitro group has not been excluded [14, 15].

A comparison of the processes of deacetylation with subsequent closing of the hetero-
cyclic rings of compounds T and V suggests that they are accomplished in the bodies of ex-
perimental animals at different rates. Thus far it is not known what effect substituents at
positions 5 or 1 in molecules related to compounds I and V have on the rate at which they are
deacetylated in the bodies of experimental animals. At the same time there is information
[16] indicating that the rate at which the ring of compounds such as II and VI closes depends
by and large on the nature of these substituents. Thus, electron donor substituents re-
tard and electron acceptor and N'-alkyl substituents speed up closure of the heterocyclic
ring and formation of metabolites IIT and VII. This process depends on the species of ex-
perimental animal and, in model systems, on solvent polarity. As solvent polarity increases,
the rate at which IT and VI close is accelerated.

The anticonvulsant activity of substances I and V in question depends in many respects
on the rate at which their heterocyclic rings are deacetylated and opened up (Table 2). The
greatest activity of substance I is evident within 30 min to 2 h, and of compound V, within
4-6 h after their administration to mice. At the same time it should not be ruled out that
the activity of the original compounds also depends on the structure of the substance itself.
As far as the differences between the maximum amount of anticonvulsant activity of compounds
I and V is concerned, they must then be due to the nature of the substituents at position
5. In addition, it is well known that nitrazepam is more active than nordiazepam in the spec-
trum of its pharmacologic action [17].

In previous research we demonstrated that the deacetylation of 1,4-benzodiazepines and
their acetylation was partially reversible. This characteristic was noted in mouse and rat
liver [13, 14], the digestive tract [18], and the formed elements of blood [19]. All these
studies were carried out with 1,4-benzodiazepines containing an acetyl or amine group at po-
sition 7.

In order to conduct further research into the nature of deacetylation we synthesized 3~
acetamido-1,4-benzodiazepin-2-one (X) in our laboratory. Administration of this compound to
mice and rats did not result in its deacetylation, yet acetylation of its 3~amino derivative
(IX) does occur in these animals.

O
NH:
NHy —=— NHCOCI‘P7
= =— N
CoHs

CeHs
X X

In mice, the highest amount of compound IX and its metabolite, X, was observed in the
liver 15 min and 2 h, respectively, after administration of the original substance. FEssen-
tially similar results were obtained with respect to blood plasma and the brain (Table 3).

The concentration of compounds IX and X reaches a maximum in 30 min in white rat liver
and brain, and after 15 and 30 min, respectively, in blood plasma following the adminstration
of IX (see Table 3).
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A comparative characterization of the anticonvulsive action of the acetylated oa— andi
B-oximes (XI, XII), as well as of the 2-amino-5-bromobenzophenone-a- and B-oximes (XIIT,
XIV) showed (Table 4) that it is considerably greater in the former. In making the com-
parison it was noted that there was a great difference between the activity of compounds
XI and XII, whereas it was essentially the same for XIII and XIV. This feature can be ex-
plained by two reasons. In the first place, compounds XI and XII differ from XIIT and XIV
in the way they are metabolized. Whereas 1,4-benzodiazepine formation is their character-
istic metabolic pathway for the acvlation of oximes in mice, compounds XIII and XIV remain
unchanged. Secondly, the metabolism of substance XI is not identical to that of compound
XIT. Demoxepam is the chief metabolite found in the liver of mice to which aceylated a-
oxime was administered, and oxazepam was the chief metabolite found in those which received
acylated B-oxime.

It should be mentioned that oxazepam is more effective than demoxepam [20] in the cor-
azole antagonism test. If compound XVIII were formed in the process of acylated oxime metab-
olism, then it might make a definite contribution to the overall activity of the original
compounds. But no such compound was found in the bodies of the mice. A structural feature
of the substances in question, independent of their metabolism, apparently also played a def-
inite role in the manifestation of anticonvulsant activity. This was shown, in particular,
for the benzophenones which did not turn into 1,4-benzodiazepin-2-ones by forming rings in
the bodies of experimental animals. The most active, in terms of this, turned out to be
2-(chloroacetamido)-5~bromobenzophenone. However, no relationship was noted between the num-
ber of chlorine-substituted hydrogen atoms in these compounds and their anticonvulsant ac-
tivity.

EXPERIMENTAL BIOLOGY

The anticonvulsant activity of the compound synthesized (XI-XVIII) was determined in ac-
cordance with the corazole (pentamethylenetetrazole) test in CBA strain mice weighing 20-25
g. The substances being investigated were administered intraperitoneally in the form of a
Tween emulsion. A 100 mg/kg dose of 17 corazole solution was injected into the mice sub-
cutaneously 40 min later. The EDso and its limits of confidence, s EDso, were located
graphically by the mortality-analysis method [21]. 1In order to compare the anticonvulsant
activity of compound I and V, corazole was injected subcutaneously in a dose of 100 mg/kg,
successively at 30 min, 2, 4, 6, and 8 h after the original substances were administered to
the mice intraperitoneally. Determination of the EDso and quantitative assessment of the
range of anticonvulsant action were carried out by the same method [21].

The metabolism and distribution of substances I, IX, and X were studied in mice and male
rats weighing 180-220 g. Compounds I, IX, and X were administered to the mice intraperi-
toneally in a dose of 20 mg/kg, and to the rats in a dose of 10 mg/kg. The compounds were
extracted with chloroform according to a previously described method [22], and partitioned
using thin layer chromatography (TLC) on sheets of Silufol, UV-254 in a chloroform—hexane—
acetone (3:2:1) system. The substances were identified by a combination of thin-layer chro-
matography and UV and IR spectroscopy. UV spectra were taken in ethyl alcohol on a Specord
UV-VIS spectrophotometer. In order to measure the compounds quantitatively the corresponding
spots on the chromatograms were dissolved in 4 ml of ethyl alcohol and their optical density
was measured on an SF-16spectrophotometer (5-chloro-2~[acetamido(acetamido) ]Jbenzophenone at
240 nm, nordiazepam at 230 nm, oxazepam at 230 nm, 7-chloro-5-phenyl-3-amino~1,2-dihydro-
1,4-diazepin-2-one at 230 nm, 7-chloro-5-phenyl-3-acetamido-1,2~dihydro~3H-1,4~benzodiazepin-
2-one at 232 nm). In all of the trials, parallel control studies were conducted with the
biological fluids of intact animals. The quantity of the substances was determined on stan-
dardized curves for these substances. The data obtained were analyzed statistically [23].

EXPERIMENTAL CHEMISTRY

The following analogs of 5-bromo-2-aminobenzophenones were synthesized: XIII, XIV, XVII
in accordance with [24], XV in accordance with [25], and XVI in accordance with [26]. Ana-
logs of 1,4-benzodiazepines which were synthesized were: IX and X in accordance with [27],
ITT in accordance with [28), and VII in accordance with [29].

5-Chloro-2-[acetamido(acetamido) ]Jbenzophenone (I). A suspension of 2.32 g (0.0l mole)
of 5-chloro-2-aminobenzophenone and 2 g (0.012 mole) of acetylglycine acid chloride hydro-
chloride in 20 ml of dry chloroform are boiled for 3 h, then cooled, diluted with water, neu-
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tralized with ammonia, the chloroform extracts are partitioned, and the water layer is ex-
tracted three times with 15 ml of chloroform. The chloroform extracts are combined, dried,
and vacuum-evaporated. The dry, solid residue is recrystallized from toluene. The yield
is 2.9 g (8.8%), the melting point 134-135°C. ¥Found, %: C, 61.6; H, 4.6; N, 8.5.
C17H:15C1N,05. Calculated, %: C, 61.7; H,4.5; N 8.5 IR spectrum, em™': 1710, 1650, 1670,
3370-3290. ' ‘

5-Nitro-2-[acetamido(acetamido) Jbenzophenone (V). Compound V is obtained by the method
described above from 1.7g (0.007 mole) of 5-nitro-2-aminobenzophenone and 1.2 g (0.0072 mole)
of acetylglycine acid chloride hydrochloride.. The yield is 2 g (84%), the melting point
184°C. Found, %: C, 60.1; H, 4.6; N, 12.5. C,,H,sN30s. Calculated, %: C, 60.0; H, 4.6;
N, 12.5. IR spectrum, em™': 1500-1600, 1710, 1650, 1670, 3370-3290.

5-Bromo-2~chloroacetamidobenzophenone-a-oxime (XI). The yield is 3.4 g (95%), the
melting point, 187°C. Found, %: C, 49.3; H, 3.5; N, 8.0. C,,H,;BrCIN,0,. Calculated, Z:
C, 49.0; H, 3.3; N, 7.6.

5-Bromo-2-chloroacetylamidobenzophenone-B~oxime (XII). The yield is 3 g (83.3%), the
melting point, 170°C. Found, %: C, 49.1; H, 3.6; N, 7.9.Calculated, %: C, 49.0; H, 3.2, N, 7.6.

2,12-Dibromo-5,7,15,17-tetrahydro-10,20-diphenyl-6H,16H-dibenzo [df] [1, 9, 2, 6, 10],
14-dihydroxytetraazocyclohexadecine-6,16-dione (XVIII). This was obtained under conditions
similar to those described in [30]. The yield is 5 g (25%), the melting point, 320-322°C
(with decomposition). Found, %: C, 54.1; H, 3.6; N, 8.7. CsoH22BroN.O.. Calculated, %:
C, 54.5; H, 3.3; N, 8.4.
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EXPERIMENTAL STUDY OF THE ANTIHYPOXIC ACTION OF RIBOXIN

. Ya. Kaplan, I. K. Sokolov, UDC 615.272.7.015.4:612.273.2
. S. Losev, G. A. Asoyan, D. V. Kulaev,
. M. Maksimova, A. I. Novokshonov, V. M, Gukasov,

M. Chushev, S.S. Nurmagomaev, and V. I. Smiryagina

[aa o= I~ e 1

There are only isolated reports in the literature concerning the antihypoxic action of
inosine in ischemia of certain organs [1-5].

The purpose of the present study was to investigate the antihypoxic effect of the prepar-
ation riboxin (inosine) on different experimental models of hypoxia, and also to study its
mechanism of action on processes giving rise to lipid peroxidation products (LPP) [6] which
accompany hypoxic states.

EXPERIMENTAL METHODS

The study was carried out on white randomly bred mice and rats of both sexes weighing
20-25 and 200-250 g respectively, as well as on mongrel dogs weighing 8-24 kg.

The antihypoxic activity of riboxin was investigated on three experimental models of
hypoxia: acute hypoxic, mixed (circulatory-hemic), and 'thermal ischemia” of the kidneys
(interruption of circulation in the organ im situ).

Acute hypoxia was induced in mice in a flow-through chamber. The animals were raised
to an altitude of 6000 m at a speed of 200 m/sec and kept there for 2 min; then they were
raised to an altitude of 10,000 m at the same speed and maintained there until they died.
Riboxin was administered intraventricularly as a 17 solution in a dose of 250 mg/kg 30 min
or 24 h before the start of the experiment. We kept track of the time the animals sur-
vived under conditions of acute hypoxia.

The mixed (circulatory-hemic) form of hypoxia, accompanied by hemodynamic disorders and
a decrease in the erythrocyte count, was brought about by using an artificial circulation ap-
paratus (ACA). The effect of riboxin was measured in terms of the animals' ability to main-
tain homeostatic indices (blood pH, blood morphology and viscosity, level of hemolysis) at
a certain level. Blood samples were taken for study after the onset of the surgical stage
of anesthesia, before the ACA was switched on, and 30, 60, 90, and 120 min afterwards, as
well as immediately after disconnecting the apparatus and 30 and 60 min after the switch-
over to natural circulation. Temperature was also recorded in the subcutaneous compartment
of the animals' forelimbs and hindlimbs, their esophagus, soft palate, liver, and pericardium
using a multichannel thermograph based on a KSP-4 potentiometer. The state of central hemo-
dynamics and myocardial contractility was investigated by measuring pressure in the major
vessels and the left ventricle of the heart. The EKG was also recorded. Riboxin was ad-
ministered by intravenous drip in a dose of 40 mg/kg 60 min after switching on the ACA. The
preparation was administered for a period of 1 h.

Research Institute of Biological Testing of Chemical Compounds, Moscow Region, Central
Laboratory, N. I. Pirogov II Moscow Medical Institute. Translated from Khimko-Farmatsevti-
cheskii Zhurnal, Vol. 13, No. 8, pp. 69-73, August, 1979. Original article submitted October
30, 1978.
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