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Effect of catecholamic acid on detoxication and distribution of NiCl, in

mice and rats!

YAN Xue-Ming®, TAO Zheng-Qin. LIANG You-Yi, CHEN Zhen-Jia, ZHANG Jian-Shi, XU Xin-Hua
( Shanghai Instinde of Materia Medica , Chinese Academy of Sciences, Shanghai 200031, China }

KEY WORDS chelating agents; catecholamic acid;
mickel; lethal dose 50; auotoradiography; tissue
distribution

AIM: To study the effect of catecholamic acid
(CBMIDA) on detoxication of NiCl,. METHODS:
Mice and rats were imjected s¢ or im CBMIDA
immediately after ip NiCl;. Each mouse was injected
ip CBMIDA afier iv ®NiCl, 185 kBq, and
radioactivities of various tissues were measured with
liquid scintillation counter at 24 h. The localization of
®Ni was shown by the whole-body autoradiography.
RESULTS: CBMIDA sc 0.5-1.5 g-kg~* markedly
reduced the mortality from acute poisoning of ip NiCl,
500 mg-kg~!. Afier ip NiCl in mice, the LD, was
82.7 mg kg~'. Mice were injected sc CBMIDA 1.5
or 2.5 g-kg~?! after Ni poisoning, the LDy, of NiCl,
were maised t© 789 or 820 mg - kg~', respectively.
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The LDg of NiCl; was 39 mg - kg™ in mat. If
CBMIDA was injected im 0.5 g+kg™! after ip NiCl,,
the LDy, was 332 mg-kg~!. CBMIDA 1.5 g-kg™!
im after iv ®*NiCl,, decreased the contents of ®Ni in
blood and lung of mice vy control mice at 24 h. The
contents of ®Ni in brain, beart, spleen, and kidney
were similar to those of the control mice. The content
of “Ni in bone was more than the control. The
excretions of ®Ni through urine and feces were not
increased by CBMIDA at 24 h. The whole-body
autoradiograpy showed that the radioactivity was highly
localized in the kidney, lung, and Harder's gland.
There was a moderate level of ®Ni in the liver, bone,
skin, and blood. A pronounced accummlation
occurred in the bone. There was a marked reduction
of ®Ni in the lung, skin, liver, and blood after ip
CBMIDA. CONCLUSION: The CBMIDA
markedly maised the survival rate of nickel-poisoned
mice and rats, and decreased ®Ni levels in lung and
blood.
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Nickel compounds widely used in industry were
absorbed into the body and deposited mainly in lung.
so the lungs are the critical organ after exposure to
nickel. A long period of exposure to nickel
compounds may cause lung cancer’, and most
chelating agents are ineffective to treat nickel
poisoning .

Catecholamic acid [ catechol-3, 6-bis ( methylenei-
minodiacetic acid), CBMIDA | first synthesized by
Prof XIE Yu-Yuan in our Imstitute was a chelating
agent of a low toxicity®), and increased excretion of
uranium'® and plutomium-*) in rats.

CH,N(CH,COO0H),
HO,

HO
CH,N(CH,COOH),
Catecholamic acid { CBMIDA )

The purpose of the present study was to explore
the effects of CBMIDA on detoxication, removal, and
tissue distribution of NiCl; .

MATERIALS

Kunming mice { $ ) and Sprague-Dawley rats ( 5} were
obtained from Shanghai Experimental Amimal Center, Chinese
Academy of Sciences, Certificate No 005,

Catecholamic acid was synthesized by Department of
Synthetic Chemistry in our Instimte, purity >95 % and mp
184 T. 1t was dissolved in distiled water with the aid of
NaHCG,, pH 6 - 7. and prepared before 30 min administration.
NiCL (AR} was produced by Shanghai Qingong Chemical Plant,
“NiCl, was made by the Radiochemical Center Lid, UK
(radicactivity 247 GBq+ L™'). The X-ray film was LKB
Ultrafilm S-161 25 Bromma, Sweden. The whole-body section
was made on Lipshaw Cryotome 1800-N freezing microtome .,
USA. Liquid scintillation counter (model Y5J-78) was made
by Shanghai Institute of Nuclear Research, Chinese Academy of
Sciences.

METHODS AND RESULTS

Detoxication of nickel by CBMIDA  Mice

{weighing 20.0 £ 5 1.6 g) injected ip NiCly 500

mg- kg~ were divided into 5 groups, 20 mice/group.
Then the control group mice were injected sc 0.9 %

saline, and other 4 groups were immediately injected sc
CBMIDA 0.5, 1, 1.5, and 2 g-kg™', respectively.
The mortality was recorded within 3d. The
diarrho;a. respiratory distress. and lethargy were noted
in toxicity tests. All mice of control group died. In
the CBMIDA-treated groups, 0.5 — 1.5 g« kg™!,
exhibited a dose-response relationship ( Tab 1) .

Tab 1. Detoxificating effect of sc catecholamic acid
{CBMIDA} after ip NiCl, 500 mg - kg™! within 3 d.
P<0.01 vs 0; P>0.05, P<0.05 vs 0.5; P>0.05
vs 1.

CBMIDA /g kg ™! Injected mice Survived mice
0 20 0
0.5 20 13°
1.0 20 17
1.5 20 202
2.0 20 20

Various chelating agents on detoxication of
nickel Mice (weighing 19.8+ 5 1.3 g, divided into
9 groups, 40 mice/group) were injected ip NiCl, 70.
150, 250, and 500 mg-kg~', (n =10). After
nickel poisoning, 7 chelating agents were injected sc:
CBMIDA 1.5 or 2.5: sodium dimercaptosuccinate
(Na-DMS) 1; qunamic acid (QA) 0.5; penicillamine
(PCA) 0.3; 1,2-cyclohexylene dinitrilotetraacetic acid
(CDTA) 0.15; edetic acid 0.15; dithiocarb ( DDC)
0.5 g'kg~!. CBMIDA remarkably raised the survival
rate of mice, as compared with other chelating agents.
The effect of CBMIDA 1.5 g-kg™' was similar to that
of 2.5 g-kg '(Tab 2).

Tab 2. Swurvived mice after s¢ 7 chelating agents after
ip NiCl,{ n=10).

o NiCL/mg- kg™

Chelator/g- ke 20 40 250 500
3 0 0

CEMIDA 1.5 10 10 10 10
2.5 10 10 10 9

CDTA* 0.15 10 2 0
Dithiocarb 0.5 0 1 1 0
Edefic acid ~ 0.15 10 8 2 0
Na-DMS 1 10 10 6 2
Penicillamine 0.3 10 10 0 0
Qunamic acid 0.5 10 7 D 0

"1, 2-cyclohexylene dinitrilotetraacetic acid
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Fig 1. Autoradiograms from * mice iv BNiCl, alone or followed by CEMIDA 3 h after Ni

(A) or Ni+ CBMIDA (B);
B h after Ni (C) or Ni+ CBMIDA (D).
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Effects of chelating agents on LDy, of
NiCl, Mice ( n = 260, weighing 20.4 + 5 1.5 g)
were divided into 5 groups. Control group was
injected 1p only NiCl, at varions doses (n = 10).
Other 4 gronps were respectively injected sc: CBMIDA
1.5 or 2.5, Na-DMS 1, edetic acid 0. 15 g-kg™! after
ip NiCl;. The 3-d LDy (95 % confidence limits)
were calculated by Finney's way .

After ip a single dose 10 mice, the LDs, of nickel
chloride was 82.7 mg-kg~', they were immediately
injected sc chelating agents. the LDy of NiCl, was
raised as the following order: CBMIDA > Na-DMS >
edetic acid {Tab 3).

Tab 3. LDy, of ip NiCl; alone or followed by chelating
agents.
Dose LDs,/mg" kg™’
Species n Chelator 1..1 Route (95 % confidence
&'ke limits )
Mice 70 - - -  8.7(76.9-83.9)
50 CBMIDA 1.5 sc 789 (693 -899})
60 2.5 sc 820 (693—970)
40 Edetic acid 0.15 sc 187 {132- 230}
40  NMNa-DMS 1 sC 310 {245-392})
Ram 0 = - - 38.8 (36.7—-41.0
3 CBMIDA 0.5 m 332 (305 -362)

Rats (n = 100, weighing 182 = 5 21 g} were
divided into 2 groups. The toxic group was injected ip
various doses of NiCl,. The detoxification group was
injected im CBMIDA 0.5 g-kg~! after ip NiCl,. The
LDy, of NiCl, was elevated from 39 to 332 mg- kg ™',
about 8.6 times of that in toxic group { Tab 3).

Effect of CBMIDA on ®Ni tissue distribu-
tion and elimination Mice ( weighing 20.4 % 5
0.5 g} were divided into 2 groups, 10 mice/ group.
The control group was injected iv ®NiCl, 185 kBq/
mouse; the treated group was injected ip CBMIDA 1.5
g kg~! after iv ®NiCl,. Each mouse was kept in a
metabolism cage for 24 h, and then killed. The heart,
lung. brain, liver, spleen, kidney, bonme, and blood
were weighed, and 7 — 15 mg. were digested in 0.1
mL formic acid and 0.1 mL H, O, at 80 T for 30 min.
Radioactivity was measured in 8 mL of 0.01 %
POPOP and 0.4 % PPO with liquid scintillation
counter for 1 min. In the CBMIDA-treated group, the
contents of ®Ni were reduced remarkably in blood and

lung, but increased in bone. *Ni in urine, feces. and
other tissues were similar 10 those of control group at
24 h (Tab 43}.

Tab 4. Tissue radicactivity at 24 h after iv ¥NiCl; 185
kBq and ip CEMIDA 1.5 g-kg ! in mice n = 10,
P = 0.05, P<0.01 vs control.

Radiocactivity {kBg/g wet tissue)

Control CBMIDA
Bloed (L) 067 £ 367 433 = 100°
Bone 0.532+0.13 1.8x0.7°
Brain 0.55+0.22 0.38+0.18°
Heart 0.60+£0.25 0.47+£0. 227
Kidney 2.9x1.1 2.8x1.2
Liver 0.8x04 0.7+0.3*
Lung 1.920.5 0.55+0.22¢
Spleen 1.1x0.6 1.1+0.8*
Urine (24 h) 105+ 33 109+ 37°
Feces (24 h) 15+ 14 17 16

Effect of CBMIDA on ®*Ni localization in
mice Mice {n = 4, weighing 28 g) injected iv
®NiCl, 370 kBg/mouse were divided into 2 groups, 2
mice served as control, the other 2 mice were
immediately injected ip CBMIDA 1.5 g-kg™'. At 3
and 8 h, respectively, 1 mouse in each group was
anesthetized with ether, and frozen in mixwre of dry
ice and hexane ( —75 T ). Autoradiography was
made!® .  Whole-body sections were made 20 pm in
thickness, ai ~20 T, the X-film was exposed for 43
wk for the 3-h group, and exposed for 48 wk for the
8-h group.

At 3 h after the mice were injected iv ®NiCl,, the
concentrations were high in kidney. lung. and Harder’s
gland; moderate in bone, liver, skin, and blood.
There were trace radioactivities in intestines { Fig 1A} .
In the CBMIDA-treated mice, the mdioactivities were
high in kidney, bone, and Harder's gland: moderate in
lung, liver, and blood. Remarkable accumulation of
“Ni was found in bone, and reduced in lung and skin
(Fig 1B).

At 8 h, in general, radioactivities were reduced in
tissues after iv ®NiCl,. The radioactivities were
moderzte in kidney, lung, blood, and urine, and low
in bone, intestine, skin, and liver (Fig 1C}). In
CBMIDA-treated mice. the levels were increased in
kidney, bone, intestine, and skin, but remarkably
decreased in [ung and blood {Fig 1D}.
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DISCUSSION 4 Fukudo S, bda H, Hseih ¥Y, Ohen WZ.

Antidote principle of chelating agent was to
cambine with metal ion to form complex with a lower
toxicity, it reduced the metal ion to the target organs
poiscned or enhanced the urinary excretion of the ion.
The present study showed that CBMIDA markediy
raised the survival rate of NiCl,-poisoned mice and
rats. but the excretion of ®Ni through urine and feces
was not increased at 24 h. The detoxificating effect of
CBMIDA pn nickel might be that the chelate was
combined with nickel, to form complex of lower
toxicity in body.

The tissue distribution and localization of **Ni
were similar. The ®*Ni deposited in organs showed as
the repors'®, whereas given CBMIDA is more
effective for removing nickel from lung, but to
accumulate in bone. The metabolism of CBMIDA was
mainly deposited in bone except the excretion'”'. It
might be that CBMIDA fommed the complex of
CBMIDA-Ni, and enhanced the ®Ni content in bone
due to its action in affinity bone .

In conclusion, CBMIDA markedly raised survival
rate of nickel-poisoned mice and rats and decreased
content of *Ni in lung and blood.
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