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SYNTHESIS AND STUDY OF THE EFFECT OF OLIGOMERIC QUATERNARY SALTS ON THE 

EXCRETION AND RESORPTION OF HEXAVALENT CHROMIUM FROM THE RAT ORGANISM 

V. M. Balakin, E. I. Sukhacheva, V. G. Buryndin, UDC 615.015.25:546.76].034 
V. M. Masna, and D. I. Semenov 

Investigations on the synthesis and biological testing of compounds that detoxify hexa- 
valent chromium in the organism are of theoretical and practical interest, since the group 
of persons who come in contact with this metal in their work activity is rather broad, and 
practically no drug preparations that reduce its toxic effect have been described in the 
literature. Earlier we synthesized water-insoluble ion exchange polymers, containing deriva- 
tives of pyridine, quinoline, and pyrocatechol [i], and their water-soluble analogs [2], which, 
when introduced into the stomach 1-2 rain before per0ral intake of sodium chromate, increased 
the excretion of chromium with the feces. Of substantially greater interest are compounds 
that give an effect when used in the long-term periods after the intake of chromium into the 
organism. For this purpose, by an interaction of an oligomeric polyether -- poly(2-hydroxy- 
propylenimine)-poly[ (l-chloromethimine)oxyethylene] hydrochloride (I) -- with pyridinium and 
quinolinium bases, we obtained poly(2-hydroxypropylenimine)-poly (oxyethylene-l-methylene- 
pyridinium) (II), -~-picolinium(III), -isoquinolinium (IV), -~-picolinium (V), and -4-methyl- 
quinolinium (VI) chlorides according to the following scheme [3]: 

HCR 

�9 OH CHICI Oll 
f 

- - -  . ~ - - ~ - c ~ -  c ~ - ~ - ) - ~ - ~ - o ~ -  o n~-- c ~ -  c~-c~_-:~ ~- 
l ; - i= 
OH CHZ-~.) C1 @ ~= 

~§ = 6"-8 

The purity of the compounds obtained, estimated according to the content of unreacted 
pyridinium and quinolinium bases, was determined by the method of thin-layer chromatography 
on plates of Silufol Uu The system ethanol--chloroform (1:6) was used. 

To demonstrate the structure we used the data of elementary analysis, IR spectroscopy, 
and potentiometric titration with a solution of silver nitrate, using a silver electrode. 

~ Lenin Komsomol Ural Forestry Institute. Institute of the Ecology of Plants and ANimals, 
Ural Scientific Center, Academy of Sciences of the USSR, Sverdlovsk. Translated from Khimiko- 
Farmatsevs Zhurnal, Vol. 15, No. i0, pp. 29-32, October, 1981. Original article sub- 
mitted February 13, 1981. 
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TABLE i. Characteristics of Oligomeric Quaternary Salts 

Corn- 
pound 

I 
I! 

IIi 
IV 
V 

VI 

Content, % 

Ionogenic group nitrogen 

Pyridinium c~nloride 97'68,66 
8-Picotinium chloride ] 9,00 
[Isoquinolinium chloride [ 8,66 
[a-Picolinium c~oride i 8,96 
~-Methylquinolinium chloridet 7,80 

total 
chlorine 

27,03 
21,28 
18,43 
15,65 
17,81 
14,6 

Molecular 
i?,~ 

8,4 430 
17,5 630 
16,8 625 
12,6 930 
16,1 640 
1~ 9 920 

The characteristics of the compounds are cited in Table i. 

The average molecular weight of compounds I~VI were determined by_the method of measur- 

ing the thermal effects of condensation according to the formula [4]: M n = [(K--Tst)-g'Ms]/ 
[gs. ATst], where K is the instrm~aent constant; ATst is the steady-state value of the tempera- 
ture difference; g is the weight of the investigated polymer; M s and gs are the molecular 
weight and sample weight of the solvent, respectively. 

The measurements were performed at 44~ the solvent was absolute ethanol. 

In the IR spectra of compounds II-VI there are new absorption bands in the region of 
1650-1590 cm -I, characteristic of the stretching and deformational vibrations of the bonds 

\ \  / /  ~ C  N _ C = C _  and =, of the pyridinium and isoquinolinium rings, in the region of 2930-2870 cm -I 
/ N / 
for the stretching vibrations of the C-H bond of the aromatic ring. 

RESULTS AND DISCUSSION 

In the preliminary tests of compounds I-VI, rats received i00 mg of the preparation in- 
tragastrically in 1 ml of solution (pH % 6.0), and after 1-2 rain, 0.4 ml of a sodium chromate 
solution, labeled with radioactive chromium, with specific activity 25 ~Ci/ml, was introduced 
by the same method. The initial oligomeric polyether (I) for the synthesis of oligomeric 
quaternary salts had no pronounced effect on the distribution of hexavalent 51Cr. The dif- 
ferences from the control in the levels of retention of the element in the body and its excre- 
tion in the feces were statistically insignificant (P = 0.36 and 0.74, respectively). Com- 
pounds II, V; and VI lowered the excretion of chromium from the gastrointestinal tract from 
73.32% in the control to 52.63, 15.79, and 34.50%, respectively. The oligomeric quaternary 
salt, containing ~-picolinium chloride groups (III), increased the excretion of the radioiso- 
tope in the feces to 81.58%. The chromium content in the feces was unchanged under the ac- 
tion of compound IV (73.64%) in comparison with the control, but in this case its deposition 
in the liver and excretion through the kidneys were decreased, which indicates that this com- 
pound decreases the absorption of chromium from the gastrointestinal tract. Therefore, the 
hydrochlorides III and IV were taken for further study. The effect of the preparations in 
the case of a twofold reduction of the introduced dose of chromium proved to be the same 
~Tab le 2A)o 

In the case of intraperitoneal injection of compounds III and IV in the maximum tolerable 
doses, in addition to their intragastric administration, no effect was noted; on the contrary, 
a certain decrease in the exretion of 51Cr through the intestines was observed (Table 2B). 
In the case of intraperitoneal administration 30 min after the introduction of chromium into 
the stomach, compound III had no effect on the exretica of the element from the organism, 

TABLE 2. Effect of Oligomeric Quaternary Salts on the Dis- 
tribution of Hexavalent SXCr in the Rat (% of balance; 
96.00 _+ 3.53%; M -+ m) 

Object of] 
investigaJ Control 
tion | 

Live  1,45• 
Body 2a 87 _+ 2,84 
Urine 2: 12 • o,  51 
F e c e s  172,59• 

_ Compound I!I Compound IV 

AIBFc 
0,59--0,2910,36•177 180 37• c03IO 09• 05 
18,48• O, 63133,88• 12,67137,95• 12,07126,23• O, 80]42,75• I ,  a7 15', 23 • 7:58 
1,25-----0,45 2 , 3 1 •  0 , 7 4 • 1 7 7 1 7 7  08-+7,18 
79,68• O, 85 63,45::h ~ 14,40 61,24• 12, 15 71,85• O, 06 55, 11 • 1 ,3911,60•  O, 86 

*All the tissues, with the exception of the liver. 
Note. A, B, and C are explained in the text. 
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TABLE 3. Effect of Oligomeric Isoquinolinium Salt on the Dis- 
tribution of S~Cr after Intramuscular Injection (% of balance; 
93.97 + 1.81%, M + m) 

Object of investiga- 
tion 

Body* 
Wall of cecum 
Chyme of cecum 
Urine 
Feces 

Control 

3,75+0,64 
1,10q-0,28 

20,64~7,04 
0,91~0,12 
73,60~3,80 

0,5 

Periods of injection, h 

2,24+_0,51 
0,26-+-0,08 
7,11 • 
0,76-+0,29 

89,63___3,16 

2,68-4-0,25 
1,53+_0,55 

18,52• 
0,87• 

76,40+__2,69 

*All tissues, with the exception of the cecum. 

2,10+_+_0,75 
0,06~0,01 
3,88+_.1,42 
0,40:!:0,17 

93,56• 

while compound IV increased its excretion with the feces by 11% and reducdd the deposition in 
the liver and body (Table 2C). The chromium content in the blood 24 h after administration 
was 0.04% of the introduced dose, which is 16 times lower than in the control rats. 

From Table 2 it follows that the oligomeric quaternary salt containing isoquinolinium 
chloride groups (IV) proved the most effective in accelerating the excretion of chromium 
from the organism. Therefore, its effectiveness was studied in the case of intramuscular 
administration at various periods after intragastric introduction of hexavalent S:Cr. The 
dose of the compound was 7 mg per kg of body weight, which corresponds to approximately 
I/2LDI~o in the case of intraperitoneal injection; LDso~o for this preparation is 21.09 
(18.50-24.04) mg/kg at P = 0.05. Investigations showed that the most pronounced effect of! 
compound IV is observed when it is adm&nistered after 4 h (Table 3). Excretion with the feces 
in 24 h was 93.6% in comparison with 73.6% in the control (P = 0.045); the total level of 
resorption from the gastrointestinal trace was halved. The content in the cecum- the main 
depot of chromium retention in the organism after administration per os- was decreased. In 
the wall of it, 18 times less SlCr was found than in the control, and in the chyme five times 
less. Excretion of the element through the kidneys was virtually unchanged. Administration ~ 
of IV after 2 h gave an effect close to that described. Injections after 30 min and 241~h did 
not produce any significant changes in the levels of resorption and excretion of chromium. 

EXPERIMENTAL (CHEMICAL) 

Compound I was produced by the method of [5]. 

Compuund IV. In a three-necked flask we loaded 5 g I and 40 ml isoquinoline and con-:~J 
ducted the reaction at 95~ for 9 h with constant mixing. After the end of the reaction, the 
excess isoquinoline was decanted. The residue was dissolved in absolute ethanol and precipi- 
tated with absolute ether. Reprecipitation was carried out three to four times. The product 

obtained was dried in a vacuum desiccator over P2Os. 

Compounds II, III, V, and VI were produced analogously to IV. 

EXPERI~ENTAL (BIOLOGICAL) 

Methods of Biological Testing. A determination of the biological effectiveness of oli- 
gomeric quaterna~j salts were conducted on female rats in the Wister line with an average 
weight of 264.2 +_ 5.2 g with intragastric introduction of radioactive sodium chromate and var- 
ious modes of administration of the preparations studied. After administration of chromium 
and compounds I-VI, the rats were kept for 24 h in metabolic cages, permitting the collection 
of urine and feces separately, after which they were killed under ether anesthesia. The con- 
tent of the metal in the excreta and tissues was determined according to the ~ activity of 
51Cr in the samples on a Tesla setup with a NaI(TI) se• p~kup (Czechoslovakia). 
The toxicity of the compounds was established according to the death of the animals over a 
period of 30 days after intraperitoneal injection of solutions of the compounds. 
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CARBOLINES. 

XII. BASICITY CONSTANTS OF IH-PYRIDO[2,3-b]INDOLES AND THEIR RELATION 

TO CYTOTOXIC ACTIVITY 

N. N. Pogodaeva, V. V. Kononova, 
E. I. Terskikh, and A. A. Semenev 

UDC 616.277.3:547.42.062 

To correlate the structure with the cytotoxic activity and subsequently predict the 
most active compnund, we have already studied [i] the basic properties of certain 2-chloro- 
~-isocarbolines containing alkyl substituents in positions 1 and 1,3. 

Since the strongest cytotoxins were found in ~he series of 1,4-substituted 2-chloro-~- 
isocarbolines [2], it was interesting to estimate the basicity of these compounds, which we 
measured spectrophotometrically. The pK values obtained are listed in Table i. 

Because of the poor solubility in water of compounds III, VIII-X with bulky substituents, 
their basicity constants were determined in 25% aqueous ethanol solutions. For the most cor- 
rect evaluation of the results, under these conditions we measured the has• constant of 
compound IV. The literature data [3] and our results (Table i) show that an increase in the 
p~oportion of ethanol leads to a decrease in the pK value. However, at lower ethanol con- 
centrations, this decrease is insignificant. 

4 

I n  t h e  c z - i s o c a r b o l i n e  m o l e c u l e ,  t h e  4 - p o s i t i o n  can  b e  c o n s i d e r e d  a s  t h e  m - p o s i t i o n  a n d  
position 3 as the p-position with respect to the reaction center (Ng). It is known that p- 
substituents exert a stronger:influence on the reaction center than substituents in the m- 
position [4]. In fact, it was found that alkyl substituents (methyl, ethyl, propyl) in the 
3-position increase the basicity of IV by 0.59 pK unit, and in position 4 -- by only 0.35 pK 
unit. The methyl group in the p-position decreases the biological activity of IV, and in the 
m-position (compound V) increases it. In:the homologs of V, the toxicity towards tumorigenic 

TABLE i. Basicity Constants of a-Isocarbolines 

Com- 
pound 

I 
II 

III 
IV 

V 
VI 

VII 
VIII 

IX 
X 

a -  Isocarbolines 

1-Methyl- 
1,4-Dimethyl 
1,4-Diphenyl- 
1-Methyl-2-ehloro- 

1,4-Dimethyt-2- chloro- 
1-Methyl-2- chloro-4-ethyl- 
1-Mettiyl-2- chloro-4-propyl- 
1- Methyl- 2- ebloro- 4- hexyl- 
1-Methyl-2-ehloro-4-phenyl_ 
1-Methyl-2- ehtoro- 4-(3',4 -di-  

me thoxy)-phenyl 

pK• 

7,93+__0,04* 
8,35+0,01. 
7,51• T 
7,10-t-0,04" 
6,91• 
7,45• 
7,46• 
7,48• 
7,00• 
6,55• 

6,84• 

Mean-square Number 
t of degrees 

error, S Iof freedom, 

I 

0,02 9 
0,07 14 

0,05 8 
0,04 8 
0,03 7 
0,03 9 
0,06 l0 
0,04 9 

7 0,05 

*Data of [i]. 

*The determination was carried out in a 25% aqueous solution 
of ethanol, and in the case of VII, in a 30% aqueous solution 
of ethanol. 
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