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ABSTRACT

The dose of radioabelled methyl mercury hydroxide (MMOH) and 

route of administration effected the extent of tissue damage at the 

administration site and the tissue levels of mercury. A subcutaneous 

dose of 20 or 40 mg MMOH/kg produced damage of the injection Site, 

whereas, when given orally, the 40 mg/kg dose and not the 20 mg/kg 

dose resulted in stomach lesions. The tissue concentrations of methyl . 

mercury were sginificantly higher when an equivalent dose was given 

orally rather than subcutsneously. When light or heavy rats were 

given 20 mg MM0H/kg orally tissue levels of methyl mercury in the 

heavier rats were higher.

A second series of studes was. performed to assess the ability 

of 2-3 dimercaptopropanol (BAL) or D-penicillamine (DBA) to remove 

203 Hg labeled mercury from tissue and prevent or reverse toxic signs 

of methyl mercury poisoning.

Therapy, begun 1 day after the last of 3 daily doses of 13.3 

mg MMOH/kg, with either BAL (30 mg/kg twice each day) or DBA (1200

mg/kg once each day) administered subcutaneously for 5 days prevented
• . 

the appearance of neurological signs, reversed weight loss, and re

sulted in lower mercury concentrations in tissues. When administered 

12 days after the last dose, neither agent effected weight loss or 

existing neurological signs.



CHAPTER 1

INTRODUCTION

The history of metal complexing therapy for the treatment of 

organo-mierctiry poisoning has generally been a story of unsuccessfnl= 

attempts. Recent reports regarding the clinical effectiveness of var

ious complexing agents in alkyl mercury poisoning have indicated that 

recovery, if it occurred, was not necessarily correlated with the Use 

of these agents. Bakir and coworkers (Bakir et al. 1976) and Rustam 

and Hamdi (1974) indicated that there was no appreciable improvement 

among severe cases of methyl mercury poisoning in humans affected in
' i . - "the Iraqi epidemic either with or without the complexing therapies—

D-penicillamine, N-acetyl-D,L-penicillamine, or 2,3-dimercaptopropattol 

sulfonate. Moderately affected individuals improved regardless of the 

therapy used. Furthermore, these results were observed even though 

therapy decreased blood levels of mercury as well as increasing the uri

nary excretion of mercury. Maghazaj i (1974) reported that there was 

improvement of psychiatric and neurological symptoms in some cases of 

methyl mercury poisoning but these again were not correlated with the 

use of complexing therapy.

Positive experimental evidence for the effectiveness of complex

ing therapy in organo-mercurial poisoning is basically of two different 

types. First, many agents have been shown to enhance the excretion of

1



mercury from the body and therefore it is assumed that these agents 

reverse or prevent the toxic effects of mercury. Second, some agents 

used in animal studies have been found to prevent the lethal or other 

toxic effects when given soon after, simultaneously with or before the 

administration of an organic mercurial.

Complexing agents such"as D-penicillamine have been shown to 

enhance excretion 1) of mercury from humans exposed to organic mercury 

(Bakir et al. 1976), 2) of mercury from humans having normal blood

levels (Suzuki, Shishido and Ishihara 1976) or 3) to selectively re

move organic mercury from a patient exposed to mercury ,vapor (Ishihara, 

Shiojima and Suzuki 1974). Work with animals has been more extensive.

Agents such as D-penicillamine, N-acety 1-D,L-penicillamineand meso-
. ■ - • \

dimercaptosuccinic acid have been shown to enhance urinary or bil

iary excretion of mercury and to reduce mercury levels in various tis

sues including brain after exposure to organic mercury (Aaseth 1976;

Friedheim;and Corvi 1975; Gabard 1976; Hirota .1969; Swensson and Ulfvar- 

son 1967; Ulfvarson 1973; and Norseth 1973). Two of these agents, 

D-penicillamine and N-acetyl-D,L-penicillamine have also exhibited an 

ability to remove mercury from fetuses exposed to organic mercury by 

administering the agent to the mother (Aaseth, Wannag and Norseth 1976; 

Matsumoto et al. 1967). In some instances the effect of complexing 

therapy was studied using measures other than tissue burden or excre

tion. Matsumoto et al. (1967) were able to prevent morphological de

fects in the fetal and maternal brain after treatment with D-penicil

lamine . Swensson and Ulfvarson (1973) indicated that repeated oral



dosing with D-penicillamine beginning 48 hours after a single I.V. dose 

of methyl mercury hydroxide hastened mercury excretion, reversed weight 

loss, decreased mortality and the frequency of neurological signs of 

toxicity..

The compound 2,3-dimercap topropanol (BAL), originally designed 

as an antidote against the toxicity of organic arsenicals, as been 

found effective in some cases of inorganic mercury poisoning (Ahlborg 

and Ahlmark 1949). Only very limited clinical success in tirgano- 

mercurical poisoning has been obtained using 2,3-dimercaptopropanol 

(Hook, Lundgren and Swensson 1954). Hook et al. observed in two of 

three cases improvement of symptoms correlated with BAL treatment, and 

it is generally assumed to be ineffective in the treatment of chronic 

organo-mercurial poisoning (Glomme and Gustavson 1959; Kantarjian 1961; 

see also Kark et el- 1971). These results suggest that the relation

ship between treatment and remission may only have been coincidental 

and the patients would have recovered regardless of therapy.

Animal studies have shown that 2 ,3-dimercaptopropanol would de

crease kidney levels and enhance urinary excretion of mercury but did 

not effect survival (Swensson and Ulfvarson 1967) after exposure to a 

methyl mercury salt. Further contraindication for the use of 2,3- 

dimercaptopropanol is the observation that it increases brain levels of 

mercury after injection of a methyl mercury compound (Berlin, Jerksell 

and Nordberg 1965; Ulfvarson 1973) or after a dose of mercuric chloride 

(Magos 1968). This effect is apparently due to the enhanced lipid



solubility of the 293-dimercaptopropanol-mercufy complex over that of 

the mercury compound or mercuric ion alone.

There are certain characteristics common to the animal studies. 

Complexing therapy was initiated no more than three days after the 

last dose of mercury compound. Hirota (1969) observed highest brain 

levels of mercury 15 to 20 days after a single intramuscular adminis

tration. A single oral dose of 34 mg methyl mercury dicyandiamide per 

kilogram in rats produced peak brain levels 5 to 6 days after dosing 

(Rusiecki and Osicka 1972). Using a relatively low intravenous dose 

(- .5 mg/kg MMOH) Swensson and Ulfvarson (1968) reported maximum con

centration of mercury in various brain regions were reached between 2 

to 9 days after the dose. Because the brain is the most sensitive 

organ to the effects of organic mercury (Takeuchi et al. 1962), the 

initiation of complexing therapy occurred in previous studies during 

the initial distribution phase before maximal tissue concentrations 

had been reached. No evidence is available for the ability of therapy 

to be effective after peak levels of mercury in brain have been reached. 

A second characteristic is that very little effort has been made to 

use measures of toxicity other than death to study the effectiveness 

of therapy. A notable exception is the work of Swensson and Ulfvarson 

(1973) who reported qualitatively that weight loss in rats was reversed 

and the frequency of neurological signs was reduced when D-penicillamine 

was used to hasten mercury excretion. These authors administered a 

single I.V. dose of MMOH equal to 3 0 'mg Hg/kg. This was followed 48
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hours later by twice daily intraperitoneal injections of 50 mg DPA/kg

5 days per week for 4 weeks.

Three main points can be derived from the above summary:

1) Clinical data indicate that completing therapy is not likely to 

promote recovery from mild organo-mercury intoxication and the body 

recovers on its own. In severe, casess the damage apparently becomes 

irreversible and completing therapy will not reverse symptoms (Clark

son 1971) even though excretion is enhanced; 2) animal data have shown 

that completing therapy hastens excretion of mercury when given soon 

after exposure and in some cases will prevent the appearance of toxic 

effects such as death; 3) it is not known when chelation therapy will 

no longer be effective in the course of poisoning and how this "crit

ical” time will be related to the appearance of neurological signs, 

the level of mercury in tissues, and the relative ability of complexing 

agents to remove mercury from tissue at various times after exposure 

to organic mercury.

In order to expand our knowledge concerning the effectiveness 

of complexing therapy, the following studies will examine the efficacy 

of therapy at various times after methyl mercury intoxication. As in

dices of toxicity, neurological signs specific to poisoning with methyl 

mercury and changes in weight will be observed. These in turn will be 

correlated with mercury levels of various tissues and the ability of 

complexing therapy, 2,3-dimercaptopropanol (BAL) or D-penicillamine 

(DPA) to reduce or alter these tissue levels.



Before these studies were attempted an appropriate model of 

methyl mercury toxicity in the rat was developed. To develop this 

model various doses of methyl mercury will be given by either, subcuta

neous (S.Co) or per os (P*0o) routes to rates of different weights.

The development of neurological signs and the distribution of mercury 

within various tissues were used to define, the animal model for methyl 

mercury poisoning. An index of symptoms was developed using modifica

tions. of the description of neurological signs described for the mouse 

by Suzuki (1968) and the rat by Takeuchi (1972).



CHAPTER 2

METHODS AND MATERIALS 

Chemicals

Methyl mercury hydroxide (MMOH) was obtained from the Alpha
' ' 14division of the Ventron Corporationo Radiolabeled C methyl mercury

203chloride was obtained from New England Nuclear and Hg methyl mercury 

chloride was obtained from ICNo The complexing agents 2,3-dimercapto- 

propanol (BAL) and D-penicillamine (DPA) were purchased from the Sigma 

Chemical Company, The scintillation cocktail used was Handifluor, a 

premixed product from Mallinkrodt Chemical Company•

The concentration of MMOH given to animals in each of the fpil

lowing experiments was always 3.33 mg MMOH/ml of 5 mM Na^COg. The pH 

of all MMOH solutions was adjusted to approximately 10 in order to aid 

solubility. Dose was varied from 40 mg/kg to 13.3 mg/kg by giving dif

ferent volumes of this stock solution. Mixtures of labeled and unlar 

beled methyl mercury were used for the determination or estimation of 

mercury levels in various tissues. The specific activity of these mix

tures will be described below. DBA was dissolved in distilled water, 

the pH adjusted to 7.0 with concentrated NaOH and then diluted to a 

final concentration of 100 mg/ml. The DPA solution was frozen, if it 

was not used within a few hours, to pervent oxidation. BAL was dis

solved in peanut oil to a final concentration of 30 mg/ml.

■ /



Animals

Female Sprague-Dawley rats were obtained either from Hilltop 

Lab Animals or from the Department of Animal Resources, Arizona Health 

Sciences Center. Animals from the Arizona Health Sciences Center were 

the offspring of animals originally obtained from Hilltop assuring a 

uniform genetic population.

Isotope Counting Procedure

The tissue preparation prior to counting was the same regardless
1 a orvo o a  q

of the isotope used9 either C or Eg. Since Eg emits both beta 

as well as gamma particles9 and emits beta particles, standard 

scintillation counting techniques could be xused for both isotopes.

The tissues used were blood, liver, kidney, and brain. Two to 

four drops of blood were obtained from the tail while the experiment 

was in progress or at sacrifice blood was obtained from the heart. A 

piece of liver about 30 to 40 mg was taken from the center of the lobe.

A thin transverse section of kidney (30 to 40 mg) was removed from the 

middle of the organ. After removing the brain it was divided into its 

right and left halves (700 to 1100 mg) and one of these halves used. 

Blood or other tissues were placed directly in a 20 ml capped and pre

weighed glass scintillation vial. The vial arid tissue were reweighed 

and the difference used as the weight of the tissue sample. To digest 

samples of blood, liver, or kidney 1 ml of 0.6 N ,NaOE solution was 

added to the tissue and 4 mis of NaOE was added to the brain sample.

The vials were then tightly capped and allowed to digest in a Thelco
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drying oven at 70°C for 2 to 4 hours» After digestion, the volume of 

digested brain was measured using a 5 ml graduated serological pipette, 

and 1 ml placed in another scintillation vial. To the 1 ml aliquot of 

brain and to all o f .the other tissues 4 drops of glacial acetic acid were 

added to neutralize the base and the samples shaken. The neutralized 

samples were then bleached by the addition of 4 drops of 30% Hg&g.

After 10 to 30 minutes o.5 ml of H^O and 10 ml of Handifluor were 

added and the vials then mixed on a Vortex mixer. The samples were 

counted 24 hours later to allow the efficiency and CPM?s to stabilize.

A Beckman model LS-3133P was sued to determine radioactivity in
14 14the samples. For C labeled methyl mercury a standard G narrow

window of 300-500 log energy units was used. The energy spectrum for
203an unquenched sample of Eg labeled methyl mercury was determined

and found to have an E-max at 420 with approximately 75% of its energy

in the range of 300 to 615 log energy units. Below 300 log energy

units chemiluminescence was significant. On the basis of the energy

spectrum and chemiluminescence a window of 300 to 615 was chosen for 
203counting Eg in Eandifluor.

14 203The method for correction of quench in both C and Eg. 

samples was the External Standards Ratio technique. A known quantity 

of DPM of either isotope, was accurately pipetted into a vial, cocktail 

added and then CPM determined. Nitromethane was added in increments 

of 2 to 5 yl in order to produce increasing quench and the sample re

counted in both normal and external standard windows. A curve of ESR 

versus percent efficiency was calculated.



10
A background was determined by counting a vial containing all 

the components described above except 1 ml of 0.6 N NaOH was substi

tuted for the 1 ml of tissue digest. Comparisons had shown that there 

was no significant difference in background between samples with or 

without unlabeled tissues. The DPM per sample could be calculated 

using the equation

^ rc e # £ t i S a £ c y / g O  * DPM background.

The quantity of mercury (Hg) per mg of tissue sample was calculated

using slightly different procedures for the two isotopes because of the
203relatively brief half life of Hg (4659 days) compared to that of 

"^C (5570 years), Hie activity of labeled MMOH was adjusted to 

1,487 x 10^ DPM/ml by adding the labeled chloride salt to unlabeled 

methyl mercury hydroxide. The final concentration was the equivalent 

of 3.33 mg MMOH/ml. The specific activity of the dose was then

17.76 x 10^ DPM/40 mg MMOH/kg. The DPM/ng Hg was determined by the

equation:

17.76 x 10 DPM .. 1 0 - 6  _ DpMyng 1Ig , 0 ,5 X4 8

40 mg MM0H( ;)

where

2 0 0 . 6  = molecular weight of mercury

232.6 = molecular weight of MMOH 

-6.10 = conversion factor for DPM/mg Hg to DPM/ng Hg

The activity of ~ ^ H g  labeled methyl mercury was increased to allow for 

decay between the time administered and the time a tissue sample was



11
6counted but was approximately 16 yCi/40 mg MMOH/kg or 35.52 x 10 

DPM/40 mg MMOH/kg. A. 100 to 200 ml sample of the injection solution 

was counted at the same time the tissue samples were counted. This 

method simultaneously adjusts for decay as well as variations from the 

approximately 16 yCi/kg dose. A value of BPM/ml injection solution 

and thus DPM/ng Eg on the day counting took place whs calculated as 

follows:

" *  *  r o f i n j l c n p r s o l u t S ; n c o u S g  ♦ * •'* ”  x  10"6

where

2.875 - mg Hg/ml in 3.33 mg MMOH/ml solution

10 ^ « conversion factor for DPM/mg Eg to DPM/ng Eg.

The value of ng Eg/mg net weight of tissue was then:

DPM/mg tissue 
DPM/mg Eg

initial Characterization of MMOH 
Induced Neurological Signs

Rats weighing 151 ± S.D. 5.3 gms at the beginning of the exper

iment were housed in sawdust lined tubs, 2 or 3 to a tub. ' One group of 

rats, n = 3, received 20 mg MMOH/kg once each day for 2 days with con

trol animals, n = 2, were given an equivalent volume of vehicle. An

other group, n - 3, was given 13.3 mg MMOH/kg daily for 3 days while 

control rats, n = 2, were administered the equivalent volume of ve

hicle.
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Beginning on the day of the first dose of methyl mercury each 

rat was weighed and observed for changes in posture and locomotion 

daily for 1 0  days, and thereafter at various intervals for a period of 

3 weeks or longer.

* Methyl Mercury Distribution as a Function of
Dose, Route, and Animal Weight

In the first of 2 experiments the effect of dose and route of 

administration were studied for their effects on methyl mercury distri

bution. In another experiment animal weight was varied. In the dose 

and route study 63 rats with an average weight of 191.2 ± S .D. 11.54
14gms were used. They were given C labeled methyl mercury in doses of 

20 or 40 mg/kg either orally (P.O.) or subcutaneously (S.C.). Oral 

dosing was performed with a 16 gauge, 5 inch long animal intubation 

needle. For S. C. dosing a 5/8 inch 26 gauge needle was used to in- 

j ect methyl mercury under the skin on the back.■ In order to delocal- 

ize the caustic effects of the high S. C. dose (40 mg/kg) it was di

vided in half and administered in each of 2 separate sites on the back. 

The animals were lightly anesthetized with ether during dosing. The 

number of rats using each of the dosing conditions are given in Table

2.(page 24). At 10 hrs, 24 hrS, 3 days, 5 days and 7 days animals 

from each dosing condition were sacrificed by ether inhalation.

Samples of blood, liver, kidney and brain were taken, prepared, 

counted and Hg levels calculated as described above. The value of 

ng Hg/mg tissue would be an estimate of actual Hg content since the 

label is on the methyl group not the Hg itself and the carbon-Hg bond



■ 13
is known to dissociate in vivo to a small extent (Garcia et al. 1974; 

Norseth and Clarkson 1970).

For the experiment evaluating the effect of body weight5 18 

rats, 9 with an average weight of 140.9 gms (the "light” group) and 9 

with an average weight of 263.9 gms (the "heavy” group) were used.

Groups of 3 animals from the light and heavy rats were sacrificed at 

10 ? 24 and 72 hours after an oral dose of 2:0 mg/kg HMOH. The MMOH 

used was labeled. The estimated mercury concentration for blood5

liver> kidney and brain were determined.

. ' ' " • 
Effect of Complexing Agents on Neurological 

Signs and Hg Distribution

The following experiments were divided into two phases: 1) the

determination of Hg levels in tissues after complexing therapy (Ex), 

and 2) the*observation of methyl mercury intoxicated animals to deter

mine if the development or presence of neurological signs or symptoms 

is altered by Ex.

Effect on Mercury Distribtition

Complexing agents BAL or DPA, were administered beginning at
203two different times after the initial dosing with Hg labeled methyl 

mercury. A total of 40 mg MMOH/kg was administered orally over a 

three day period (equal amounts of 13.3 mg/kg on days 0, 1 and 2). 

Animals were lightly anesthetized with ether to facilitate intubation. 

Regardless of the day Rx was begun, rats in the groups treated with



14
BAL or DBA were dosed over a 5-day period, BAL was administered in a 

dose of 30 mg/kg twice each day with an interval 6 to 10 hours between 

doses on each day over the Rx- period for a total of 300 mg/kg BAL in 

the 5 day period, DBA was administered once each day over this period 

in daily doses of 1 2 0 0  mg/kg or a total of 6 , 0 0 0  mg/kg,

BAL or DBA dosing was initiated early (24 hrs) after methyl

mercury treatment in one experiment. In the second experiment Rx began 

on the 14th day after the first dose of methyl mercury and continued 

to the 18th. For each experiment, four groups of animals were used,

One group was sacrificed the day Rx was initiated without receiving 

either BAL or DBA, a second group was given BAL and a third given DBA.

A methyl mercury control group was not given BAL or DBA but was sacri

ficed along with the BAL or DBA groups the day after the last dose of

DBA or BAL. Tissues were removed, prepared, counted and mercury con-
203centration determined as described above for the Hg isotope. The 

number of rats in each group and the average weight for each group of

rats are given in Tables 10 and 11 (pages 35 and 36).

Assignment of rats to each group in the early Rx experiment 

was by random selection. In the late Rx experiment assignment to 

groups was performed using a counterbalancing technique on the basis 

of Hg concentration in blood determined early in the morning the day 

Rx was initiated. The reason for this was that variability in blood 

concentration of Hg increased considerably with time and simple random 

assignment often created groups with widely different average blood 

levels of Hg. To obtain blood concentrations of Hg a few drops of
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blood were taken from the tail after cutting a 1 or 2 mm portion from 

the tip of the tail. These samples were prepared and counted as de

scribed previously.

Animals for these studies were housed in metal tubs 3 per tub 

and given free a c c e s s  to Wayne lab blocks and water.

Effect of Completing Therapy on 
Weight and Neurological Signs

In this series of experiments animals were treated with MMOH,

13.3 mg/kg once daily under light ether anesthesia for 3 days and then 

Ex was initiated on day 3 after the initial MMOH dose (early group) or 

on the 14th day (late group). For a period of 47 days these animals 

were weighed daily, and at various intervals throughout the period, 

observed for the appearance of neurological signs. In both the early 

and late Ex experiments the same 5 different treatment groups were 

used. These included three groups treated with MMOH; one given BAL . 

subcutaneously 30 mg/kg twice each day, another DBA subcutaneously 

1200 mg/kg per day and a third the MMOH only group consisted of some 

animals receiving oil in the same volume per injection as the BAL 

group but without BAL and the others receiving water in the same volume 

as the DPA group but without DPA.

Two other control groups were also utilized. First, a matched 

weight control group were given reduced amounts of food in order to 

keep their weight at approximately the same weight as the MMOH only 

group. This group was anesthetized with ether and was given a volume,

4 ml/kg, of 5 mM NagCO^ buffer per day equal to the volume of MMOH
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given to the other groupse The purpose of this group was to provide 

an appropriate control for MMOH which included weight loss and thereby 

would provide evidence if any symptoms or signs appeared because of 

weight loss only. The amount of food given was determined on the basis 

of two factorse In a pilot study the amount of food consumed each day 

after dosing with 13• 3 mg/kg .MMOH once on each of three consecutive 

days was determined» Three MMOH treated rats were housed in a tub and 

a known weight of. Wayne, lab blocks given. The following day all food 

was removed and reweighed. The difference in weight divided by 3 was 

the average food consumption for that day. The average amount consumed' 

each day provided an estimate of the amount that would be required to 

maintain the untreated rats at the same weight as the MMOH treated . 

rats. The second factor was the weight of the MMOH treated animals.

If the average weight of the matched weight control (MWC) group was 

above or below the MMOH groups on a given day the estimated amount of 

food per animal they would receive the following day was decreased or 

increased accordingly.

Second5 a control group where no treatment (including ether5 

MMOH3 Rx? or reduced food) was administered was also used. The last 

group was to provide information about the normal growth of rats during 

the observation period. They were also used by the person observing 

rats for neurological signs for comparison as known untreated animals.

Assignment of animals to the various groups was.random in the 

early Rx study and for those groups not given MMOH in the last;Rx study.

A counterbalancing technique based on Eg concentration of blood was

(
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used to group MMOH treated rats as described in the last Rx study.

Blood samples were taken from the tail the day complexing therapy was
203begun and analyzed using Hg scintillation counting procedures. In 

order to compare the effectiveness of BAL and DPA to remove mercury 

from the body with the results of the distribution study, tail blood 

samples were again taken and analyzed the day after therapy was 

stopped, on day 8 in the early Rx study and on day 19 in the late Rx 

study.

Animals were observed on various days after the initial MMOH 

dose, The days of observation varied slightly between experiments to 

include days during the middle of the Rx period and days while the 

symptoms were rapidly developing as indicated by the results of the 

earlier symptom characterization study. Each animal except those in 

the No treatment group was scored for the presence of various signs by 

an observer without knowledge of the group identity of the animals.

An assistant, using a randomized sequence, removed the animals indi

vidually from their cages and brought them to the observer who then 

compared posture and various aspects of their gait with one or two 

rats from the No treatment group and scored as present or absent var

ious changes in posture or gait related to methyl mercury poisoning.

The signs and a brief descrip tion are given in. Table 1. Each sign ob

served was assigned a value of 1. In cases where severe ataxia or 

paralysis were seen it was either not possible to determine the pres^ 

ence or absence of the other symptoms. Since severe ataxia and paraly

sis were the most severe semptoms and always occurred after the other



18
Table 1., The neurological symptoms observed after treatment of

female rats orally with either 20 mg MMOH/kg or 13.3 mg 
MMOH/kg for 2 or 3 days respectively to a total dose of 
40 mg/kg.

Symptom Description

Hunch Back arched.

Waddle Rump moves from side to side while walking.

Paddle Wide based gait or splaying, feet angle out from 
body and may slip while walking.

Tuck One or both rear legs are pulled in strong flexion 
close to the body when the animal is held by the 
tail.

Severe ataxia Both rear legs move while walking but with consid
erable flailing and incoordination.

Paralysis One or both rear legs are not moved during obser
vation. Paralysis was flaccid.
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symptoms had already appeared, hunch, waddle, paddle and tuck were 

scored as present when either of these two severe symptoms were evi

dent. By adding together the number of symptoms exhibited by each 

animal on a given day a symptom index was caculated for each animal.

The average symptom index per group could be determined.

The animals during these experiments were housed individually 

in hanging cages and with the exception of the matched weight control 

groups were given free acess to food, usually Wayne lab blocks, and 

water. The initial average weights and numbers of rats per group are 

given in Figures 3 and 4 (pages 41 and 42). As the experiments pro

gressed some animals became very light in weight, sometimes less than 

120 gins. One possible problem from the loss of weight would be weak

ness and the inability to eat food in hard pellet form. In an attempt 

to prevent severe weight loss and resultant death powdered Wayne lab 

blocks and sucrose in a weight:weight ratio of about 5:1 was wetted 

and fed to rats 120 gms or less. The sucrose was added to enhance 

palatability and most rats given the mixture would readily attempt to 

eat it. If the animal continued to survive after one or two weeks the 

sucrose was discontinued but powdered diet was still given. If a rat 

does not chew on hard objects, its incisors grow long and prevent eat

ing . Once weekly rats given powdered diet were checked for tooth 

growth and the incisors clipped with a pair of 4% inch diagonal wire 

cutters if necessary.
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Data Analysis

The following tests were used for data analysis, Students 

"t", or the analysis of variance followed by- appropriate post hoc 

Scheffe tests. Reference to the analysis of variance and Scheffe tests 

can be found in Myers (1972). All the analysis of variance and Scheffe 

tests were performed by computer using the SPSS program (Nie . et al. 

1975). The Scheffe test takes groups analyzed by an overall analysis 

of variance and compares all possible combinations of groups. Groups 

significantly (p < .05) different from each other are placed into sub

sets . Individual subsets however are considered as statistically dif

ferent from other subsets. For example, of four groups A, B, C, and 

D the following results could be obtained: one subset only (A, B, C,

and D) indicating no groups are different. Another result might occur 

with three subsets (A), (B,C) and (C,D) where A is different from all 

others, B is different from D and A but not C. In this example group 

C is also not different from D.

Students ”tn tests were used to compare the tissue levels of 

mercury after either the subcutaneous or oral routes of administration 

The same test was used to compare mercury levels in the tissues of 

heavy versus light rats at various times after a single oral dose of 

20 mg MMOH/kg.

The analysis of variance was performed on the data from the 

experiments when Rx was utilized. In the tissue levels study (Tables 

10 and 11, pages 35 and 36) an analysis was performed for each tissue: 

blood, liver, kidney, and brain comparing the following groups:
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Pre-Rx MMOH only, post-Rx MMOH only, post-Rx MMOH and BAL, post-Rx MMOH 

and DPA. The tail blood levels given in Tables 12 and 13 (pages 44 and 

45): were analyzed with one analysis for each set of data, early or late 

Rx, which included all six group means involved. The weight data 

(Figures 3. and 4* pp.. 41 and 42) were analyzed on a day by day basis.

The groups MMOH only, matched weight control, MMOH and BAX., MMOH and 

DPA, and No treatment groups were compared oh each day for which data 

is given on these Figures (3. and 4, pages 41 and 42). The symptom 

data (Figures 1 and 2, pages 37 and 38) were also analyzed on a daily 

basis. Each analysis included all the groups used for the weight data 

except the No. treatment group for which data was not taken. Following 

each analysis of variance a Scheffe test was performed among all group 

means compared by a single analysis of variance.



CHAPTER 3

RESULTS

Characterization of Neurological Signs 

The development of symptoms in rats treated with a total dose 

of 40 mg MMOH/kg over 2 or 3 days varied considerably. Some rats ex

hibited no or only a few symptoms while others would show progressive 

deterioration to a point when death would occur-. In most cases the 

symptoms stabilized and could be observed for several weeks.

The following general pattern of symptoms developed. About 6  

days after the first 20 mg/kg dose or 10 days after the first 13.3 

mg/kg dose some rats developed a hunched posture and did not extend 

their rear legs while walking as completely as did untreated controls. 

After a few more days a waddle appeared during locomotion which con

sisted of rump movement from side to side to a greater extent than a 

normal rat. Both hunching and mild waddling were difficult to distin

guish from the normal rat's posture and locomotion. It was essential 

to simultaneously compare a control and treated animal in many instances 

to confirm these symptoms.

The first easily detectable symptom was a characteristic hind 

limb flexion (Takeuchi 1972) when the rat was picked up and held by the 

tail. One or both hind legs were tucked in. close to the body. A nor

mal rat held in this way extended both rear legs or kicks vigorously.

22 V  . ■
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The tucking usually appeared one or more days after hunching or wad

dling was observed.

With further deterioration of gait the rear feet splay out while 

walking. The appearance was that of paddling with the rear feet in a 

reptilian gait. With continued degradation the ataxia might become 

even more severe and locomotion more difficult. The rear legs would 

still move though in a very incoordinated manner5 and the considerable 

flailing;would do little to propel the animal. Finally in one rat 

given two 2 0  mg/kg doses paralysis of both rear legs was observed.

This rat was observed six weeks later and the paralysis had abated but 

severe waddling was still present. One death occurred in each of the 

two treated groups. A listing of observed symptoms together with a 

brief description of each is found in Table 2.

A symptom not observed during the initial symptom characteriza

tion study and therefore not included in the symptom index was seen 

in later experiments. This symptom involved the front legs and oc

curred when the animal was picked up and held by either the tail or 

picked up and supported around the thorax. One or both front legs 

would be extended out from the body or less frequently fold across the 

chest. In either case the limb or limbs were held rigidly, the digits 

of the involved limb were flexed and movement of the limb was slow.



Table 2. Mercury levels in blood at various times following oral or subcutaneous dosing with
20 mg MMOH or 40 mg MMOH per kg.

Blood 1 0  hrs
ng Hg/mg wet weight 

24 hrs. 3 days 5 days 7 days

SC-20 45.35 ± 3.66 
n = 3

72.97 ± 3.80 
n = 3

73.77 ± 4 
n = 6

.23 75.14 ± 3 . 6 8  
n = 3

58.50 ±2,60 
n = 3

SC-40 95.80 ± 2.07 
n = 3

134.90 ± 1.39 
n - 3

139.96 ± 8  
■ n — 6

.98 127.86 ± 11.04 
n = 3

108.47 ± 8 . 6 8  
n = 3

PO-20 137.86 ± 4.77c 
n = 3

121.47 ± 3.70b
n = 3

108.21 ± 6 
n = 3

.59°

P0-40 253.16 ± 9.59d 
n = 3

273.00 ± 9.65d 
n = 6

242.94 ± 5 
n = 6

. 31d 210.32 ± 20.14c 
n = 3

Statistical (Students "t") comparisons were made between the mean mercury levels of those groups 
differing only by the route of administration. The levels of significance are: a) p < .05;
b) p _< .02; c) p <_ .01; d) p < .001. labelled CHgCHgOH Was used and all tissue levels
are expressed as average ng Hg/mg wet weight of tissue ± SEM.

tsl
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Effect of Dose3 Route and Weight on Distribution 

Dose and Route

Oral dosing with MMOH regardless of amount produced peak blood 

levels much earlier than did either subcutaneous administration (Table 

2)» Oral administration resulted in peak levels after a 10 or 24 hour 

period, the two earliest time points studied, and thereafter declined* 

After a single subcutaneous dose blood levels reached a maximum at 1 

day and maintained a plateau until the 5th day after the dose* Further

more the maximum level of Eg reached by an S . C* dose of 20 or 40 mg/kg 

was always lower at all time points than that measured for same dose 

given orally* At each time, where comparisons were possible "t" tests 

between equal oral and subcutaneous doses showed Eg levels in blood to 

be significantly higher after the oral dose*

Obvious tissue damage occurred at the site of injection after 

both the 20 and 40 mg/kg S*C. dose arid after the P.O 40 mg/kg dose* 

Subcutaneous injections resulted in a collection of fluid at the site 

after a day and lasting a few more days until a hard nodule replaced 

the softer material* When the stomachs of animals given 40 mg MMOE/kg 

were observed 24 hrs after the dose they exhibited large areas of 

bleeding and were often filled with fluid* After 3 or more, days red

ness had disappeared but some stomach tissue was white and numerous 

adhesions of the stomach to the surrounding tissues were seen. These, 

effects did not occur with the lower oral dose*
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The.levels of radioactivity in liver and kidney tends to follow 

those of the blood although the differences between oral and subcuta

neous dosing were occasionally not statistically significant (Tables 3 

and 4).

The time at which maximum mercury levels in brain were reached 

was longer than for any other tissue regardless of the route of adminis

tration (Table 5) » The maximum levels of Eg in the brains of animals 

treated with either dose subcutaneously was not reached until the 5th 

day. When the oral route was employed no time points beyond 3 days in 

the PO-20 or 5 days.in the PO-40 conditions were studied. However, it 

was at the times last studied with oral dosing that mercury levels 

were highest.

Weight

Even though both heavy (264 grams average body weight) and 

light, (141 grams average body weight) were given 20 mg MMOH/kg, the 

amount of mercury per mg tissue was higher in the heavier rats. (Tables 

6 5 7 5 8 and 9). Students fltTf tests were used to compare mercury 

levels between heavy and light rats at various times after dosing.

Blood levels were significantly higher in the heavy rats after all time 

periods but in the other tissues these differences were not as pro

nounced. This was especially true of the kidney.



Table 3. Mercury levels In liver at various times following oral or subcutaneous dosing with
20 mg MMOH or 40 mg MMOH per kg.

Liver 1 0  hrs 24
ng Hg/mg

hrs
wet weight 

3 days 5 days 7 days

SC-20 7.90 ± 0.33 12.53 ±1.43 20.92 ± 2.70 22.53 ± 1.16 21.44 ± 0.58

SC-40 18.05 ± 0.81 2 2 . 76 ± 2 . 0 0 33.90 ± 2.92 43.43 ± 2.85 38.70 ± 3.49

PO-20 29.75 ± 2.40d 18.73 ± 1 .0 1 c 15.96 ± 0.72
-

PO—40 50.61 ± 3.39d 57.94 ± 2 ..0 .6 d 43.64 ± 3.92 62.-35 ± 8.91

Statistical (Students "t") comparisons, were made between the mean mercury levels of those groups . 
differing only by the route of administration. The levels of significance are: -a)•p < *05;
b) p £  .02; c) p '< .01; d) p. < .001. labelled CHgHgOH was used and all tissue levels are
expressed as average ng Hg/mg wet weight of tissue ± SEM.



Table 4. Mercury levels in kidney at various 
20 mg MM0H or 40 mg MM0H per kg.

times following oral or subcutaneous dosing with

NG Hg/mg wet weight
Kidney 1 0  hrs 24 hrs 3 days 5 days 7 days

SC-20 33.31 ± 1.98 43.45 ± 1.49 46.12 ± 3.14 45.73 ± 4.47 36.76 ±3.27

SC-40 38.97 ± 1.96 61.79 ± 5.13 81.25 ± 5.16 68.22 ± 8.33 72.93 ±5.77

PO-20 63.27 ± 8.25 81.36 ± 4.40° 75.62 ± 13.99*

P0-40 164.05 ± 19.27° 116.67 ± 11.69b 126.31 ± 11.12° 103.51 ± 12.92*

Statistical (Students "t") comparisons were made between the mean mercury levels of those groups 
differing only by the route of administration. The levels pf significance are: a) p .05;

. b) p j< .02; c) p j< .01; d) p _< iOOl. -^C labelled CH^HgOH was used and all tissue levels are 
expressed as average ng Hg/mg wet weight of tissue ± SEM.

to.oo



Table 5. Mercury levels in brain at various 
20 mg MMOH or 40 mg MMOH per kg.

times following oral or subcutaneous dosing with

Brain 1 0  hrs
ng Hg/mg wet weight 

24 hrs 3 days 5 days 7 days

SC-20 0.97 ± 0.10 2.39 ± 0.10 4.22 ± 0.17 5.25 ± 0.08 5.19 ± 0.25

SC-40 1.78 ±0.04 3.93 ± 0.33 7.47 ± 0.16 9.51 ±1.16 9.28 ± 0.50

PO-20 4.21 ± 0.54d 5.40 ± 0.10d 6.37 ± 0.49°

PO-40 6.43 ± 0.08d 10.08 ± 0.56d 13.31 ± 0.31d 15.50 ± 0.66b

Statistical (Students "t") comparisons were made between the mean mercury levels of those groups 
differing only by the route of administration. The levels of significance are: a) p 5  .05;
b) p < .02; c) p < .01; d) p < ,001. labelled CH^HgOH was used and all tissue levels are
expressed as average ng Hg/mg wet weight of tissue ± SEM.

N)vo



Table 6, Mercury levels in blood of "light11 vsv "heavy11 rats at 10, 24, and 72 hours after a single
oral dose of 20 mg MMOH/kg.

1 0  tars. 24 hrs. 72 hrs.

light 136.58 ± 5.57 107.52 , ± 2;59 83.17 ± "1.95
n = 3, E* II u> n = 3
142.7 gm ± 1.8 138.0 gm ± 8.1 142.0 gm ± 2 . 1

heavy 176.78 ± 4.54C 149.00 + 9.82^ 130.57 ± 11.63b
n = 3 n = 3 • n = 3
2 65.7 gm ± 4.7 263.0 gm ± 4.5 263.0 gm ± 1 0 . 0

Statistical comparisons using Students "l were made between levels in a specific tissue at a
given time between light and,heavy rats. The levels of significance are2 a) p < .05; b) p < .02; 
c) p j< .01; d) p < .001. C labelled CHgHgOH was used and all tissue levels are expressed as 
average ng Hg/mg wet weight of tissue ± SEM. The number (n) and average weight of each group is 
indicated.

30



Table 7. Mercury levels in liver of "light" 
single oral dose of 20 mg MMOH/kg.

' vs. "heavy" rats at 1 0 , 24, and 72 hours after

1 0  hrs. 24 hrs. 72 hrs.

light 23.97 ± 0.32 19.32 ± 3.05 17.79 ± 0.82

heavy 39.88 ± 2.83c 27.54 + 1.56 32.39 ± 1.69c

The number per group and average weight ± S.D. are given in Table 10. Statistical comparisons 
using Students 11 tn were made between levels in a specific tissue at a given time between light and 
heavy rats. The levels of significance are: a) p £  .05; b) p- <_ .02; c) p <_ .01; d) p <_*'.001.

labelled CHgHgOH was used and all tissue levels are expressed as average ng Hg/mg wet weight 
of tissue ±.SEM.

wH



Table 8.. Mercury levels in kidney of "light" vs."heavy" rats at 10, 24, and 72 hours after
single oral dose of 20 mg MMOH/kg,

1 0  hrs. 24 hrs. 72 hrs.

light 65.33 ±5.01 63.59 ± 1.19 43.20 ±1.61

heavy 62.12 ± 4.54 64.48 ± 5.16 67.10 ± 2.40c

The number per group and average weight ± S.D. are given in Table 10. Statistical comparisons 
using Students "t” were made between levels in a specific tissue at a given time between light and 
heavy rats. The levels of significance are: a) p < .05; b) p .02; c) p < .01; d) p x  .001.

labelled CHgHgOH was used and all tissue levels are expressed as average ng Hg/mg wet weight 
of tissue ± SEN.

wro



Table 9. Mercury levels in brain of "light" vs0 "heavy11 rats at 10, 24, and 72 hours after
single oral dose of 20 mg MMOtt/kgo

1 0  hrs 24 hrs 72 hrs

light 3.61 ±0.06 4.31 ± 0.05 4.84 ± 0 . 1 0

heavy 4.82 ± 0.21c 5.42 ± 0.10d 7.15 ± 0.97

The number per group and average weight ± S.]>. are given in Table 10. Statistical comparisons
using Students "t" were made between levels in a specific tissue at a given time between light and 
heavy rats. The levels of significance are: a) p j< .05; b) p £  .02; c) p £  .01; d) p _< .001.

labelled GHgHgOH was used and all tissue levels are expressed as average ng Hg/mg wet weight 
of tissue ± SEMi s

coCo
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Effects of Complexing Agents on Mercury Distribution 

The concentrations of mercury in blood5 liver* kidney, and 

brain before and after Ex are presented in Table 10 for early therapy 

and Table 11 for late therapy.

DPA whether administered beginning day 3 or day 14 significant

ly (as determined by a Scheffe test using a = .05), reduced mercury 

levels in all tissues studied. The mercury levels in tissues of the 

groups treated with DPA, either early or late, were lower than the re

spective early or. late pre and post Ex MMOH only as well as BAL treated 

animals. BAL was much less effective both in terms of absolute reduc

tion of tissue levels and in the statistical significance of these 

changes. Only with early treatment beginning on day 3 did BAL signif

icantly (by Scheffe test) produce lower blood, liver and brain levels 

when compared to animals treated with MMOH only. Even though BAL re

duced mercury levels in blood, liver, and kidney when therapy was ini

tiated on day 14 none of these differences were significant. Brain 

levels were not changed at all after late treatment with BAL.

Effect of Complexing Therapy on Weight and Signs 

The effects of early and late Ex on symptoms or the development 

of symptoms are presented in Figures 1 and 2. The average symptom in

dex was modified from the description given earlier. The symptom hunch 

was not included because it was observed as often in the matched weight 

controls as it was in the MMOH only group. Because hunch did not dis

criminate between the.effects of MMOH and weight loss and could produce



Table 10. Mercury levels in blood* liver * kidney * and brain following early eomplexing
therapy * begun 1 day after the last of three daily doses of 13,3 mg/ MMOH/kg/day.

3 day (pre) 8 day (post). 8 day (post) 8 day (post)
MMOH only MMOH only MMOH + BAL MMOH + DPA

Blood 220.25 ± SEM 5.63 224.60 ± SEM 6.77 114.10 ± SEM. 10.97 2 4 . 0 1 + SEM 5.84

Liver 51.00 ± SEM 4 . 9 4 62.70 ± SEM 2.17 39.80 ± SEM 2.45 7.13 ± SEM 1.11

Kidney 135.80 ± SEM 4.35 120.50 ± SEM 5.35 95.90 ± SEM 8.55 21.46 ± SEM 2.81

Brain 11.28 + SEM 0.55 18.05 ± SEM 1.48 13.99 + SEM 0.54 5.76 ± SEM 0.02

n 4 4 3 4
x weight 150.00 ± S.D.11.52 150.20 + S.D.9.98 153.30 ± S.D. 8.14 152.80 ± S.D.7.37

Complexing therapy consisted of 5 daily subcutaneous injections of either DPA (once each day)* BAL 
(twice each day) or vehicle (saline once each day or oil twice each day), 2 0 was used and levels 
are the average ng Hg/mg wet weight of tissue ± SEM. The number of animals and average weight 
± S.Do per group are shown. 203ng labelled GH^HgOH was used and mercury levels are given as aver
age ng Hg/mg wet weight.

wUi



Table 11, Mercury levels in blood, liver, kidney, and brain following late complexing therapy,
begun 12 days after the last MMOH dose.

14 day (pre) 
MMOH only

19 day (post) 
MMOH only

19 day 
MMOH +

(post)
BAL

19 day 
MMOH +

(post)
DPA

Blood 142.04 ± SEM 16.55 109.04 ± SEM 15.10 77.66 ± SEM 6.02 6,31 ± SEM 0.89

Liver 46,82 ± SEM 6.51 32.48 ± SEM 3.26 29.00 ± SEM 2.26 4.13 ± SEM 0.48

Kidney 101.72 ± SEM 6.32 83.03 ± SEM 4,81 73.88 ±.SEM 8.56 20.90 ± SEM 1.50

Brain 13.04 ± SEM 1.84 9.57 ± SEM 1.08 9.86 ± SEM 0.80 3.91 ± SEM 0.44

n 6 5 6 6

x weight 156.16 ± S.D. 1 0 . 6 8 156.00 ± S.D.10.98 160.00 ± S.D.9.21 156.30 ± S.D.9.59

Complexing therapy consisted of 5 daily subcutaneous injections of either DPA (once each day), BAL 
(twice each day) or vehicle (saline once each day or oil twice each day). • %g, was used and levels
are the average ng Hg/mg wet weight of tissue ± SEM. The number of animals and average weight 
± S.D. per group are shown. 203#g labelled CHgHgOH was used and mercury levels are given as aver
age ng Hg/mg wet weight.



EARLY TREATMENT, SYMPTOM SUMMARY
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Figure 1. Average symptom index as described in the text for those animals treated early, complex- 
ing therapy begun 1 day after the third of three daily oral doses of 13.3 mg MMOH/kg/day.

Complexing therapy consisted of 5 days of daily subcutaneous injections of DPA or twice 
daily subcutaneous injections of BAL, equal volume subcutaneous injections of vehicle, 
saline once each day or peanut oil twice each day. The matched weight control rats did 
not receive either MMOH or complexing therapy but were fed only enough food to maintain 
their weight at the same level as that of the MMOH only rats.
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LATE TREATMENT, SYMPTOM SUMMARY
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Figure 2. Average symptom index for those animals treated late after the appearance of symptoms.
Complexing therapy was begun 12 days after the third of three daily oral doses of 13.3 
mg MMOH/kg/day.

Complexing therapy consisted of 5 days of daily subcutaneous injections of DPA or twice 
daily subcutaneous injections of BAL, equal volume subcutaneous injections of vehicle, 
saline once each day or peanut oil twice each day. The matched weight control rats did 
not receive either MMOH or complexing therapy but were fed only enough food to maintain 
their weight at the same level as that of the MMOH only rats.
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confusing results it was not used. Mention of hunch is made because 

it occurred before the other symptoms after MMOH, and since it was in 

many cases so obvious as to easily be considered a postural effect of 

organo-mercurlal poisoning rather than weight loss.

Early therapy with either BAL or DPA effectively prevented the 

appearance of symptoms (Figure 1). The fluctuations by the groups 

treated with BAL and DPA from an index of 0 (no symptoms evident) were 

the result of occasional observations of a waddle and on occasion a 

paddle in one or two animals in these groups. Symptom indices were not 

statistically different between any groups until the 11th day. On day 

11 the MMOH only group exhibited significantly more symptoms than the 

matched weight control and BAL treated but not the DPA treated group. 

Each day observations were made after day 11 the MMOH only group had a 

significantly higher index than the matched weight control, BAL treated 

or DPA treated groups. The weight control, BAL and DPA groups were 

never significantly different from each other.

Late therapy with BAL or DPA (Figure.2) did not effect symptoms. 

The maximum or near maximum symptom index was reached by either day 11 

or 13. Treatment with BAL or DPA produced no distinguishable change 

either from the maximum score or from the MMOH only group. By day 11 

all MMOH groups including those which received BAL or DPA showed sig

nificantly more symptoms than the matched weight control group. The 

MMOH only, BAL and DPA groups were not significantly different from 

each other. Similar statistical results were obtained after analyzing 

the data from all days beyond day 11 with one exception. On day 26
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the MMOH only group was not significantly different symptomatically 

from the matched weight control group.

Early treatment, as well as preventing the appearance of symp

toms, also reversed the weight loss produced by MMOH to the extent that 

before the end of the 4 7 day observation period there was no weight 

difference between the BAL or DPA treated groups and the entirely un

treated group (Figure 3). A summary of the statistical analysis of 

the data in Figure 3. is as follows» From day 0 through day 3 all 

groups were similar. By day 4 the untreated group became differentiated 

from all other groups. The BAL and DPA groups were significantly heav

ier than matched weight control and MMOH only by day 13.- This trend 

continued until the 33rd to 47th days where overlaping of subsets oc

curred.

Data from the late treatment experiment produced no clear evi

dence that either DPA or BAL reversed weight loss from MMOH treatment 

(Figure 4) . A summary of the statistical analysis shows that on days 

0 through 2 no differences between any of the groups existed. From day 

3 through 47, with only two exceptions the untreated group weighed sig

nificantly more than all of the other groups. The other groups, BAL, 

DPA, MMOH only and matched weight control groups were not different 

from each other. The two exceptions were on days 9, when the BAL 

treated group became different; from the matched weight control, and 

day 40 when the DPA treated group was not different from the untreated 

group.
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Figure 3. Average weight of all groups in the early Rx study when 
complexing therapy was begun 1 day after the last of 3 
daily oral doses of 13.3 mg MMOH/kg/day.— Complexing 
therapy consisted of 5 days of daily subcutaneous injec
tions of DPA or twice daily subcutaneous injections of BAL, 
equal value subcutaneous injections of vehicle, saline once 
each day or peanut oil twice each day. A No treatment group 
received no MMOH or complexing therapy and were given free 
access to food.
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Figure 4. Average weight of all groups in the late Rx study when 
complexing therapy was begun 1 2 days after the third of 
three daily oral doses of 13.3 mg MMOH/kg/day.— Complexing 
therapy consisted of 5 days of daily subcutnaeous injec
tions of DPA or twice daily subcutaneous injections of BAL, 
equal value subcutaneous injections of vehicle, saline once 
each day or peanut oil twice each day. A No treatment 
group received no MMOH or complexing therapy and were given 
free access to food.
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In order to determine the effectiveness of Rx in animals which 

were studied for weight and symptoms9 the level of mercury in tail 
blood samples was measured before and after Rx (Tables 12 ,and 13).

For the early and late Rx experiments9 an analysis of variance 

among all six average mercury levels (pre Rx and post Rx for the BAL 9 

DPA and MMOH only groups) was performed and found significant at the 

p < .001 level. Subsequent Scheffe tests produced similar results for 

early and late Rx. For each experiment the mercury content of blood 

after DPA was significantly lower than the levels after BAL which was 

in turn signifieantiy lower than the others. Both DPA and BAL were . 

effective in lowering methyl mercury levels, DPA being the most effec

tive. Before Rx during each experiment no difference was found, in 

blood mercury levels between the individual groups to be treated.

When the complexing agents were administered early no. deaths 

occurred in any group. The number of animals in each group of the 

early Rx study exhibiting symptoms above an index of 1 relative to the 

number of animals in the group was MMOH only— 5 of 7, MMOH and DPA— 1 

of 7, MMOH and BAL— 1 of 7, matched weight control*— 0 of 7. When com

plexing therapy was postponed until day 14 (late Rx) 6 deaths out of 

36 MMOH treated animals before Rx was initiated and one from the MMOH 

only group after Rx was completed. The number of rats exhibiting 

symptoms above a symptom index of one in each group were: matched

weight control 1 of 8 , MMOH only— 9 pf 10, DPA— 11 of 11 and BAL— 8 of 

9. The rat belonging to the MMOH only group which died after the Rx
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Table 12. Tail blood mercury concentrations, determined the day
completing therapy was initiated and 1 day after it was 
completed. Early Rx.-̂

Pre. Rx Post Rx
Da y 3 Day 8

MMOH only 
n = 7 - 212.79 ± : 2.82 213.65 ± 9.90

MMOH + BAL . 
n = 7 195.82 ± 10.56 94.59 ± 4.40

MMOH + DPA 
n = 7 218.81 ± 7.65 14.50 ± 1.62

^These were days 3 and 8 (see Figure 3) when completing therapy was 
begun 1  day after the last of the three daily doses of 13.3 mg 
;MMOH/kg/dayfe: Completing therapy consisted of 5 daily subcutaneous
injections of either DPA (once each day) 9 BAL (twice each day) or 
vehicle (saline once each day or oil twice each day)..; . ^%jg was 
used and levels are the average ng Eg/mg wet weight of tissue ± SEM.
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Table 13. Tail blood mercury concentrations determined the day com
pleting therapy was initiated and 1 day after it was 
completed. Late Rx.-*-

Pre Rx 
Day 14

Post Rx 
Day 19

MMOH only 
n = 1 0 136.08 ± 8.96 92.20 ± 8.98

MMOH + BAL 
n = 9 120.82 ± 10.78 52.83 ± 6.27

MMOH + DPA 
n = 1 1 128.47 ± 5.83 4.05 ± 0.50

^These were days 14 and 19 (see Figure 4) when completing therapy was 
begun 12 days after the last of three daily doses of MMOH. Completing 
therapy consisted of 5 daily subcutaneous injections of either DPA 
(once each day), BAL (twice each day) or vehicle (saline once each 
day or oil twice each day). 203Hg was used and levels are the average
ng Hg/mg wet weight of tissue ± SEM.



period was included for the calculation of average weight and symptom 

index for that group until its death on day 2 0 .



CHAPTER 4

DISCUSSION

The concentration of mercury in blood9 liver9 kidney and brain 

was affected by both the route of administration and the weight of the 

animal dosedo After a single dose of MMOH* all tissue levels were 

higher after an oral dose than after a subcutaneous dose over the perir- 

od of 3 to 7 days. This occurred with both of the doses used, 40 and 

20 mg/kg. The subcutaneous fluid that collected at the site of subcu

taneous injection probably acted to retain methyl mercury at that site 

and slowed the rate of entry into the circulation. This was evidenced 

by the subcutaneous doses reaching maximum tissue values later than 

after oral doses.

When the animal weight was varied even though the amount of 

methyl mercury .given per kg body weight was the same, tissue levels 

after an oral dose were higher in the heavy rats as compared to light 

animals. This finding may be important with respect to the toxic; ef

fects of methyl mercury. Since the nervous system appears to be the 

target organ for organon-mercurial toxicity, the higher brain levels ob

served in heavier rats would be expected to result in greater toxicity. 

Using LDjq as a measure of toxicity Lin, Malaiyandi, and Romero-Sierra 

(1975) found a decrease in LD^q as a function of increasing body weight«

47
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There are a number of possible mechanisms which could explain 

the increased tissue levels in heavier rats. A change in the qualita

tive or quantitative characteristics of body constituents may alter 

distribution. Tribukait (1960) observed, for example, that the ratio 

of blood volume to body weight decreased as total body weight increased. 

Perhaps the initial distribution into a proportionally smaller volume 

such as blood would result in higher initial, blood levels«, This in 

turn could be reflected in higher tissue levels for those organs to *

which methyl, mercuric hydroxide distributes more slowly. That there 

are differences in the rate of distribution to various tissues was 

shown by Swensson and Ulfvarson (1968) who observed that maximum tissue 

levels of mercury were reached sooner in blood and liver than in brain, 

and kidney. After an oral dose, the rate of absorption may differ be

tween rats of different weights either because of the greater volume 

given to heavier rats or differences in absorption rates across the 

gastrointestinal tract. Elimination rates may also be different among 

rats of varying weights. Any of these factors may have acted alone or 

together to produce the differences in tissue distribution, observed in 

the present study. Which factors are important will not be known until 

distribution studies using body weight as an independent variable are 

performed. - " _

Because tissue damage was.evident for both high and low subcu

taneous doses of MMOH and for only the high oral doses suggests that 

optimal absorption and minimal secondary effects (e.g., reduced food 

consumption), would result from low multiple oral doses. The multiple
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dosing regime of 13.3 mg MMOH/kg for 3 days used in all the following 

studies was chosen for these reasons.

The abilities of BAL and DPA to remove methyl mercury from tis

sue or prevent the uptake of methyl mercury into tissue were not equal 

in the early Rx experiment. Rats treated for three days with MMOH 

followed one day later by a series of DPA injections produced dramatic

ally lower mercury levels in all tissues compared to animals not given 

any Rx whereas similar treatment with BAL resulted in significantly 

lower levels only in blood, liver and brain but not kidney. Even with 

the ,differences in ability to reduce eventual mercury levels in tissue, 

both complexing agents were equally able both to prevent the appearance 

of neurological symptoms specific for methyl mercury poisoning and pro

duce enhanced weight gain. Recovery from weight loss and the preven

tion of symptoms appeared complete. Treatment with BAL or DPA returned 

weight to that of rats receiving no mercury and prevented the continua

tion of the few cases of mild symptoms which were scored during the 

first few weeks of the study.

The apparent dissociation between the reduced ability of BAL 

to remove mercury or prevent its continued uptake into tissue rela

tive to DPA but equal ability to prevent symptoms may be explained by a 

precise critical level of mercury which must be reached in the brain, 

spinal cord or peripheral nerves. This threshold amount must then 

probably be maintained at that level for a certain period before damage 

becomes significant. If the dose given produced tissue levels near 

that critical level or threshold then even slight reductions produced
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by treatment with BAL or any other compound would prevent neurological 

signs. Threshold mercury levels for brain have been suggested by Su

zuki (1968) and MacDonald and Harbison (1977) at 20 ng Hg/mg for mice 

and Berglund and Associates (1971) at 10 ng Hg/mg for various other 

species. The mercury level in brain after 8 days both with and without 

BAL falls within this range. More careful determinations of the crit

ical level of mercury in tissue rleative to minimal irreversible damage 

and the time of exposure at that level are required.

In late treatment experiment, where treatment was initiated 

after the appearance of symptoms, neither BAL or DPA were effective in 

reversing symptoms or in changing the weight gain of MMOH treated ani^ 

mals. The inability to reverse symptoms occurred in spite of the en

hanced removal of ^^Hg from tissues produced by DPA.

Clinical reports described in the introduction to this paper 

did not provide any conclusive evidence that complexing therapy, regard

less of the agent used, was effective in reducing toxic effects after 

organo-mercury poisoning. In a clinical setting a patient poisoned 

with an organic mercurial compound is generally unaware of the exposure 

until symptoms appear. Using the model developed in the present experi

ments complexing agent treatment starting after the time that symptoms 

have appeared is ineffective even though mercury excretion is increased.

The results of the present experiments support these clinical findings.
. v

A problem which continually appeared during the course of these 

experiments was the variability of the animals in terms of response to 

methyl mercury. In any given group of animals administered 13.3 mg
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MMOH orally over a 3 day period show the entire range of possible toxic 

signs9 that is 9 signs from no detectable difference with no weight 

loss or any symptom to paralysis and even death. Between experiments 

variations in the possible range of responses would also occur. Even 

though animals from the same supplier having the same weight were used, 

symptoms and weight loss would be less evident than at another time.

The present results suggest at least four new lines of study:

1. At what point after exposure to MMOH does the lesion occur 

or become irreversible? This might be answered by determining at what 

point the poisoned animals will no longer respond either by prevention 

or reversal of symptoms to DP A v

2 . If such a critical p o i n t  is found, it should be related to 

a threshold both in terms of concentration and time. Also at this 

point might be the most appropriate to concentrate efforts on biochem

ical, histological and more specific behavioral experiments to deter

mine what the major irreversible lesion is.

3. Even if recovery is observed as was the case above follow

ing early Rx is recovery complete or would sensitive behavioral or 

biochemical tests find less obvious change? For example, would life 

span be decreased, etc.? This question would be related to long-term 

effects of low doses of MMOH.

4. Would complexing therapy be effective in preventing or re

versing the toxic effects on fetuses explosed to MMOH in utero or to 

neonatal exposed for example via mothers milk (Zenick 1974; Spyker 

1975).



Summary

The distribution studies provided basic information about the 

effects of dose, route of administration, and animal weight. This in

formation was used to decide which dosing regime would be used in the 

subsequent experiments concerned with the ability of metal complexing 

agents to prevent or reverse the neurological symptoms of methyl mer

cury toxicity. Large doses, 40 mg/kg of MMOH, were found to produce 

tissue damage in the stomach or the skin depending on the route given. 

Lower doses, 20 mg MMOH/kg, still produced skin lesions but no grossly 

observable damage to the stomach. Oral dosing resulted in significant

ly higher tissue levels than did an equal subcutaneous dose. Heavier
203rats were observed to have higher tissue levels of Hg after receiv

ing the same 20 mg/kg dose of MMOH. On the basis of these findings the 

following conditions were used in the studies. A.multiple dosing regi^ 

men using a relatively low dose was used to reduce tissue damage. This 

multiple dosing regime was found to produce neurological symptoms as 

well as reduce tissue damage from the dose itself and so seemed the 

most appropriate technique. The oral route was chosen because mercury 

levels in the tissues could be reached with a lower dose than would be 

required if given subcutaneously. Finally* the weights of all rats in 

subsequent experiments were kept with as small a range as possible to 

eliminate the differences in distribution of methyl mercury as a func

tion of weight.

Complexing therapy initiated early after exposure to toxic 

amounts of methyl mercury has been shown to prevent symptoms and



overcome weight loss. Two completing agents DP A, a very effective 

mercury removing agent in the doses used and BAL3 a less effective 

agent in the dose used were both equally effective in their ability to 

prevent symptoms and overcome wieght loss. Therapy using doses of BAL 

and DPA shown effective with early treatment were completely ineffec- 
htive if administered after neurological symptoms had already become 

maximal. The inability of these agents to reverse symptoms or weight 

loss with late treatment occurred even though one agent DPA was able 

to significantly reduce the brain concentration of mercury. These re

sults tie together earlier data showing the effectiveness of various 

complexing agents in their ability to enhance excretion or prevent 

death with recent clinical evidence that they are. ineffective when 

given to symptomatic patients. Treatment should be effective if given 

early, before enough damage to the nervous system has produced symp

toms of disordered gait or posture.
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