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Abstract

In vivo effect of a single intravenous administration of lead
acetate or mercuric chloride on total hemolytic complement activity
(CH 50) in male Wistar rats was investigated, in order to assess the
influence of heavy metals to host defense mechanisms against infec-
tious agents. A significant reduction of the CH 50 values was observed
in both groups of lead and mercury treated animals.

INTRODUCTION

Several environmental contaminants, including heavy metals, have been
demonstrated to enhance the susceptibility to a variety of infectious agents"?.
Some of the heavy metals are apparently immunosuppressive®®, since circulating
antibody titers to the infectious agents in animals exposed to lead, cadmium
or mercury were significantly lower than those from the control animals. It
is also well known that complement plays an important role in nonspecific
humoral factor in resistance against various infectious agents, however, the
effect of heavy metals on the complement system has not been fully understood.

In the present study, a preliminary study was undertaken to evaluate whe-
ther the intravenous administration of a single dose of lead acetate or mercuric
chloride would alter the complement activity in male Wistar rats, as a part of
host defense mechanisms against infection.

MATERIALS AND METHODS

Male Wistar rats, 10-11 weeks old, were used in this study. The animals
were fed Oriental MF pellet and given tap water ad /ibitum. Two separate
experiments were carried out in two groups of 20 rats, and each group of rats
was administered freshly made solution of lead acetate (Merck) or mercuric
chloride (Wako) via tail vain, so that they received 2 mg, 1 mg or 0.5 mg of
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each metal for every 1 kg of body weight and the injection volume was 1 ml
/kg body weight. A group of 5 rats in each experiment was injected intra-
venously with an equal volume of saline solution and served as a control.
Twenty-four hours following the injection, animals were sacrificed under light
ether anesthesia, and blood was drawn from abdominal aorta with disposable
plastic syringes. A portion of blood was placed in a heparinized test tube and
the rest of blood was allowed to clot at room temperature for one hour, then
left standing overnight at 4°C in a refrigerator, and serum was separated by
centrifugation.

Total hemolytic complement activity of serum was assayed by a modified
method of Mayer et al.” as the 50 percent hemolytic unit (CH 50). Total
protein concentration of serum was determined by a modified biuret method
(Wako). Compositions of serum proteins were analyzed by the cellulose acetate
membrane electrophoresis®.

Concentration of lead in the blood was determined with an atomic absor-
ption spectrometer (Perkin-Elmer 503), equipped with a deuterium background
corrector and a graphite furnace (Perkin-Elmer HGA-2000)". Content of
mercury in the blood was assayed by the flameless atomic absorption method
with the Perkin-Elmer mercury analysis system (Type 303-0833)®. Concentration
of zinc in serum was assayed by the flame atomic absorption method®.

Erythrocyte 6-aminolevulinic acid dehydratase (ALA-D) activity was assayed
by the method of Tomokuni®. Hemoglobin (Hb) content was measured as
cyan-methemoglobin and hematocrit (Ht) value was determined by the micro-
capillary method. Blood urea-nitrogen level (BUN) was measured by the urease-
indophenol method (Urea NB-Test, Wako).

RESULTS

Effect of lead acetate on rat complement :

The i vivo effect of a single intravenous injection of lead acetate on serum
hemolytic complement activity (CH 50) is shown in Table 1. CH 50 levels in
the rats treated with various doses of lead acetate were found to be lower than

TABLE 1

Effect of lead acetate on rat complement and serum protein fractions

[ No. of Total protein Alb. «,-,l—gloh.r [ ;-glob. j’:,;-’(rﬂobtr mﬁﬁ&ﬁ ":r']ri
E‘-Tyeatment am‘ma{g - C[lSO g9/d1 P i ”7‘,, i 7 o [,’7‘ =9 A/G
Control 5 54A8H4,0(a) 6.75+0.07 50.32'1‘.38 18.93:0.91 5.81:0.99 13.22*0.57 12.8241.11 [8.89+1.08{1.01:0.05
0.5 mg Pb/kg 4 49.7+ 6.0 6.46+0.31 51.5611.91 17.27+0.36**|5,97:0.85 |3.34:0.77 [12.60+1.03 |9.27¢0.55/1.07:0.08
1.0 mg Pb/kg § 38.7:14.1 6.84:0.49 49.0541.01 18.42+0.92 |5.83$0.90 |3.59:0.75 [13.82+0.77 |9.30:0.82|0.96:0.12 |
£.0 mg Pb/kg 5 39.2& 7.5% 6.48+0.16% |45.8711.48%*[19,77+0.85 |7.27:0.97*4.51:0.97%14.59:0.70%|7.99:0.87 0.85‘0.05*:1

(a) Mean:S.D.  Statistically significant * p<0.05 ** p<0.01
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those observed in the controls. Total protein concentration, electrophoretic
distribution of serum protein fractions (in percent) and A/G ratio are also
summarized in the same table. In the lead treated group (2.0 mg Pb/kg body
weight), total protein concentration, albumin fraction and A/G ratio were
significantly less than those of the controls, whereas «,-globulin, c,-globulin
and G-globulin fractions were significantly higher than those of the control
group (p<0.05). As the indices of lead body burden and its intoxication of
rats, blood lead levels (Pb-B), serum zinc levels (Zn-S), hematocrit values (Ht),
hemoglobin contents (Hb), erythrocyte ALA-D activities and BUN levels were
determined and summarized in Table 2. As shown in the table, Pb-B levels
in the lead treated animals were evidently higher than those of the controls,
according to the injected dose of lead acetate. Mean Zn-S level in the lead
treated group (2.0 mg/kg body weight) was significantly less than that of the
control group. Blood ALA-D activities were significantly reduced by the ad-
ministration of lead acetate.

TABLE 2

Effect of lead acetate on hematological findings and weights of organs

! ‘v'.deCyi

(b) N mg/rﬂ L q | (c) 7‘ (Ll

r S I - S R ==
"Tredt;venL Serum Zn Ht I ho ‘ ALA-D | Bun Body \'lein‘\t! Liver

No. of [mooa b
g/dl | [ g1 |

animals| pg/dl

|

| | | | [ B I
‘ n.d. 1214416 ?44.4>1.5‘|5.4’0.5 0.12:0.02 “22.2'12 306:40 |3.78:0.25 ;0.65'0403

Control |5
| |
| 0.5 mg Pbskg| 4 [16.3: 8.8(233:24 \44.5»2.2}153»0.9‘0.0@0‘04“ 122.6:1.6]  205:10 [3.70:0.13 {0.65:0.04 |
| | |
1.0 mg Pb/kg 5 136.4:11.2|215:25 146.312.2(16.3+0.5/0.01+0.005%*| 21.6+1.9 310620 |3.47:0.38 [0.68+0.04 |
2.0 mg Pb/kg 5 \8&5']540 178+11%*%1 43.6+1.0(15.5+0.2 n.d. 20.5+1.8 32816 ’"‘.. 350, 14% 0.67“).EJ‘
(b) w mol PBG /hr/ml RBC  (c) organ weiaht g/100 g body weight

Effect of lead treatment on the weights of the liver and the kidneys are also
shown in Table 2. Weights of organs are expressed as g per 100 g of body
weight. Among them, only the liver weight in the lead treated group (2.0
mg/kg body weight) was significantly lower than that in the control group.
Possible anticomplementary activity of lead acetate was determined 27 717 0.
Normal rat serum was diluted with gelatine-veronal buffer solutions (pH 7.5)
containing lead acetate (10°M-10°M) of various concentrations, and tested the
resultant mixture for total hemolytic complement activity. Results of the tests
revealed that no anticomplementary activity was observed up to lead concen-
tration of 10*M, and this level was much higher than the lead levels found in
the blood of the lead treated animals.
Effect of mercuric chloride on rat complement :
The 7n vivo effect of a single intravenous administration of mercuric chloride
on the CH50 levels is shown in Table 3. Mean CH 50 levels in the mercury
treated groups (1.0 mg Hg/kg and 2.0 mg Hg/kg body weight) were significantly
less than that of the control group. Total protein concentrations, percentages
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of serum protein fractions analyzed by cellulose acetate electrophoresis and

A/G ratios are also listed in the same table.

In the mercury injected rats,

albumin fractions, A/G ratios decreased, whereas «,-globulin fractions signifi-

cantly increased.
TABLE 3

Effect of mercuric chloride on rat complement and serum

-

otal protein|

No. of | T Alb. 0 |
‘ Treatment anima]s‘ £k 50 1 g/dl % J |
| Control 5 ‘44.6'1147 | 6.0810.11 48.45:0.82 [6.29:0.7114.
0.5 mg Hg/kg| 5 |32.5¢17.7| 5.96:0.13 ‘46.53'0.32**;7.!2!0.81 jna.
1 1.0 mg Hg/kg! 5 |24.6:11.5% 6.04:0.23 |41.19:1.67%* 5.71%0.20 |15.
|2:0 mg Ho/kg| 5 |35.2¢ 2.7% 5.86:0.30 43.40:2.25%%|7.09:1.12 | M.

Blood mercury concentrations (Hg-B), Zn-S,
ALA-D activities and serum BUN levels
mercury body burden and its intoxication.

8121.73!14443-&94**&15.

protein fractions

,z»gylob. [ u;—g’]ob | f-glob. E ‘,'~glvob.—( A/G \
R ‘ R } S ]: A
65’0.45i 9.88+1.36 114.63&1.18 15.05‘0.47 0.94:0.03 ‘
8340.42(11.55+1.14 114.89:0.91 i5.09‘0,86‘0.37‘0.03
8310.93|14.6011.16%* |16.29:0.58* |5.39:0.47 |0.70:0.05%* |
b5 116113 5.16-1.2610.77‘0.07**l

Ht values, Hb contents, erythrocyte
were measured as the indices of
The results are summarized in

Table 4. Among them, Hg-B levels and BUN levels were markedly increased
by the administration of mercuric chloride, while Zn-S, Ht values, Hb contents
and erythrocyte ALA-D activities were unchanged.

TABLE 4

Effect of mercuric chloride on hematological findings and weights of organs

—

7 BUN

| T No. of | Blood Hg |Serum Zi | Ht v Hb | ALA-D } VDUVZJ; eight; VLiver { {i%dneys ‘
} Treatment |ohinals 1g/dl ug/dl | 4 g/dl1 ‘ (b) ‘ mg/dl ‘ g (c) | (c)

| PRSP N R S — 1 . | —_— - —

| Control 5 10,02.‘0.004 278146 i42.3)1.3‘13,9'0.4‘0.]7:004‘ 16.2x 3.0 ‘ 234+ 9 3.73:0.24/0.78+0.03
0.5 mg Hg/kg 5 10.35:0.06%*| 262:33 |42.2:2.6 13A5<0.3‘0.ZU-0,O4 53.7:]6.6**i 234+ 6 ‘3.36'0.33‘1.00'0.03**
1.0 mg Ho/kg| 5 0.68 (“)! 233134 ‘41.3-1.2 13.000.5 0.17‘0.03; 94.6:10.6%%| 23811 33,63~O.24 1.01:0.05%* |
‘Z,U mg Hg/kg 5 O_S]'O,ZZ**i 248147 \40,3‘4.2&110'1.Z‘0,16'O.U3]1 2‘.]1.7**} 240: 5 J13%!2’0,]8 ].UO‘O.lO**l

(d) n=2

Effect of mercuric chloride on the weights of the liver and the kidneys per
100 g of body weight are listed in the table. Among the organs, weights of
kidneys in the mercury treated groups (0.5 mg Hg/kg, 1.0 mg Hg/kg and 2.0
mg Hg/kg body weight) was found to be significatly higher than that of the
control group (p<0.01).

Anticomplementary effect of mercuric chloride in concentrations of 10°M to
10°M was also determined 77 vif70, however, no anticomplementary effect was
observed up to 10°M, and this mercury level was much higher than that
observed in the blood of mercury treated rats.

DISCUSSION

Heavy metals such as lead, cadmium or mercury are environmental con-
taminants for which immunosuppressive effects have been demonstrated™®.
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Interferon synthesis was also suppressed by lead acetate. It is also well
known that complement plays an important role in nonspecific humoral factor
in resistance against various infectious agents, however, only a limited number
of reports for the in vivo effect of heavy metals on complement system are
available in the literature, in which Fonzi et al.'® demonstrated that the total
hemolytic complement activity in rabbits was reduced by the intravenous ad-
ministration of lead acetate.

The present findings indicate that the CH 50 levels in the rats were
significantly lowered by a single intravenous administration of lead acetate.
It is also demonstrated that total protein concentrations of sera, albumin frac-
tions and A/G ratios were significantly reduced in the lead acetate treated rats.
These findings are essentially in agreement with the previous observations of
Fonzi et al.'®

In the mercuric chloride treated rats, CH 50 levels, serum albumin fractions
and A/G ratios were significantly reduced. It seems likely from the data of
the present study that the increased susceptibility to infectious agents caused
by lead or mercury could be due in part to alterations in complement system,
together with decrease in antibody production or interferon synthesis as reported
previously by others® 119,

It must be emphasized that the present investigation is of a preliminary
nature and that further studies should be carried out to acertain which co-
mponents of the complement system are being affected.
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