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INTRODUCTION 

The unlimited use of vario,us. mercury compounds·· as fun

gicides and for other purposes during the last thirty years 

has resulted in widespread contamination of the environment. 

Toxic trace metals such as mercury, cadmium, and arsenic 

are present in some fossil fuels and.may be emitted.in sub

stantial quantities during the course of energy production 

(Fowler et al., 1974). Release of. these elements into;·'the 

environment from power plants may lead to their accuni.u- · ~ 

lation in soil, water and edible biota at appreciable·· 

distances from the original source. Ingestion of water or 

food organisms, such as fish, contaminated with these ele

ments represents a potential human health hazard of'unknown 

magnitude. 

Several episodes of methylmercury poisoning in man. 

have occurred in Japan, Iraq, Pakistan, and Mexico 

(Miyakawa et al., 1970). The implications of inorganic 

mercury contamination of the milieu are less clear. In 

spite of the recent advances in studies of the biotransfor

mation of inorganic mercury by microorganisms, the exact· 

mechanism is not very clear (Brunet al., 1976). 

The problem of assessing biological effects in humans 

after prolonged low-level exposure to mercury, is compli

cated by a basic lack of understanding the in vivo 

1 



2 

mechanism of metal toxicity, as 't>.Tell,:a~ the imp?,-ct of trace 

element exposure on cellular .respons;es q.ue to other environ

mental toxicants such as carcinogens .. It is pr~sently 

clear, however, that many cellul.ar f:)YS1:ems affe.cted by 

trace elements are also s:ensitive to. other classes of toxi-

cants. 

Reports of mercury studies.have 9-ppea~~d.in: great 

numbers in the literature (Hunter, 1~43,; D 'Ttri, ·: +97-2); how

ever, despite this, there appear~ ~o be an, absence of ex

tensive research on interactions: of methylmercury and other 

insults, such as gamma irradiation, which w~ll be under

taken in this study. 

The proposed study is an extension of the work of 

Earhart (1975) who demonstrated that hydrogen peroxide 

(Hz02) pretreatment protected against methylmercury induced 

mortality. He also showed that hydrogen peroxide pretreat

ment increased the number of peroxisome-like organelles in 

the nucleus arcuatus of the rat brain. He hypothesized 

that proliferation of peroxisome-like organelles protected 

against the effect of methylmercury on the nervous system. 

The results of the proposed study will show whether hydro

gen peroxide pretreatment induces peroxisome proliferation 

in other tissues, for example, liver and kidney, and 

whether ionizing radiation with methylmercury pretreatment 

also elicits peroxisome proliferation. Whether H202 
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pretre·atment also protects against .radiation induced mortal

ity will be investigated in the second phase of the pro

posed study. Specific objectives of the s·t:udy are: 

1) to investigate histochemically the' effect of 

gamma-irradiation, methylmercury, the combi

nation of methylmercury andi' gamma::..irradiation, 

and hydrogen peroxide upon· the pro'Iiferative 
' 

activity of peroxisomes ~nd ly~6~omes in the 

brain, liver, and kidney in. male' rats. 

2) to study the effect of hydrogen petoxide pre-

treatment as a protective agent against 
• ~ • 'l , .. ' 

lethality due to irradiation of male rats. 
,, •• '! 



REVIEH' OF LITERATURE 

Mercury as a toxic agent has been known for many cen

turies. Since the outbreak of mercury poisoning in 

Minamata Bay and Niigata District of Japan in·the 1950's, 

organic mercury, particularly methylmercury, has been recog

nized as a hazardous environmental pollutant (Katsuki et al., 

1957). Mercury is found in the environment in its elemental 

form and in organic and inorganic compounds. Mercurial 

poisoning has occurred following treatment with diuretics, 

through careless industrial use of mercury, after consump

tion of food contaminated by fungicides, and as a result of 

other contamination. Intoxication by these mercurials is 

characterized by neurological symptoms such as sensory dis

turbances, ataxia, concentric constriction of visual fields, 

and loss of hearing (Friberg and Vostal, 1972). 

Kidney, liver, and brain are the organs most vulner

able to intoxication by mercury compounds. Morphological 

changes in these organs after mercury intoxication have 

been studied extensively by numerous investigators (Miyakawa 

and Deshimaru, 1969; Sahaphong and Trump, 1971; Chang and 

Hartmann, 1972). 

Since the advent of the "atomic age," numerous. 

studies have been made concerning the biological effects of 

various types of ionizing radiation, as evidenced by the 

4 
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large body of scientific literature (See reviews by Haley 

and Snider, 1962; Altman et al., 1970). 

Both peroxisomes and lysosomes have features which 

indicate their involvement in a cellular response to toxic 

agents such as heavy metals and ionizing radiation. A 

peroxisome is a cytoplasmic organelle bounded by a single, 

well formed membrane and contains a finely granular 

amorphous matrix (Rouiller and Bernard, 1956). The matrix 

contains catalase and various H2o2 producing oxidases 

(De Duve and Baudhuin, 1966). In the liver and kidney, the 

presence of a crystalline nucleoid aids in its morphological 

identification (Hruban and Rechicigl, 1969). Since the 

development of the alkaline diaminobenzine (DAB) technique 

for visualization of the peroxidative activity of catalase 

(Novikoff and Go1dfischer, 1969), 0.2- 0.5 micrometer (~m) 

catalase positive particles have been identified in many 

tissues. In fact, it has been proposed by Hruban et al. 

(1972) and Novikoff and Novikoff (1973), who coined the 

term "microperoxisomes" for these particles, that they are 

ubiquitous in mammalian cells. 

The peroxisomes of rat kidney were first described by 

Gansler et al. (1956). They are usually larger in the 

proximal convoluted tubules than the peroxisomes of rat 

liver and mouse kidney (Ericsson, 1964; Ericsson and Trump, 

1966). They show a close spatial relationship to the 
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smooth endoplasmic reticulum and to the system of para

membranous cisternae (Ericsson, 1964; Ericsson and Trump, 

1966). These peroxisomes are enclosed by a single membrane 

approximately 60 - 65 angstrom (A ) thick (Ericsson and 

Trump, 1965) which often shows a scalloped or wavy outline. 

Recently, Herzog and Fahimi (1974, 1976) and Hand 

(1974) independently described the presence of peroxisomes 

in the ventricular myocardium of the adult mouse and rat, 

respectively. These pa~ticles were described as measuring 

0. 2 - 0. 5 1..1m in diameter and being in close association 

with mitochondria and the sarcoplasmic reticulum. Herzog 

and Fahimi (1976) also confirmed biochemically the presence 

of catalase and small amounts of two flavin oxidases in 

microsomal fractions of heart tissue and suggested that 

the particles in the mouse myocardium morphologically and 

biochemically resembled the peroxisomes of other tissues. 

Hicks and Fahimi (1977) investigated the occurrence 

of peroxisomes, their cytochemical characteristics and 

their ultrastructural relationship to the neighboring organ

elles in the ventricular myocardium of four rodents (rats, 

rabbit, gerbil, and guinea pig) and two primates (Macaca 

java and Tupaya). The electron-dense reaction product of 

catalase was found in the myocardium of these species and 

was localized in 0.2 - 0.5 ~m oval particles, surrounded 

by a single limiting membrane and located usually at the 
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junction of I and A bands. A close spatial association was 

found between the myocardial peroxisomes and:mitochondria; , 

lipid droplets, and the membranes of<,sarcoplasmic 'reticulum, 

especially the so-called junctional sarcoplasmic reticulum. 

These observations demonstrate the consisteri't·.:.occurrence .''of 

peroxisomes in the heart of various manunalian. species and 

suggest that peroxisomes have. important metabolic xand physi-

ological functions in the myocard£um. " 

In a histochemical investigation, Itabashi et al. ·l. 

(1977) used the 3, 3' -diaminobenzidine·. reaction .. to: demon-· 

strate the catalase activity.{ and:.·thus varia'tions in riumber 

of peroxisomes. Electron microscopic \·examinations::were 'made 

of hyperplastic liver lesions in· rats ·fed \0.06% ,.J~methyl-4-

dimethylaminoazobenzene. At :the lOth 'week ,:of< carcinogen 

feeding, hyperplastic lesions :(hyperplastic 'foci, areas, t •. 

and nodules) appeared and advanced··to further stages. Most 

of the foci and some of the lesio'ri ··areas. ~and · .. nodules showed 

very low catalase activity and; correspondiri'gly, a small 

number of peroxisomes. When· .these ,workers ;administered 

ethyl- a. -p-chlorophenoxyisobutyrate to ra'ts'' there was an 

increase in catalase activity and in peroxisome· number. 

Hand (1973) identified.peroxisomes fn three paren

chymal cell types of the normal parotid gland of. the rat. 

They average 0.33 ~m in diameter in the· acinar.and inter

calated duct· cells, and 0.22··~m in>the striated duct cells. 
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They were closely related to the endop~asmic ret~culum, oc

casionally in continuity with smooth ,surfaced cisternae .and 

often embraced by ribosome-free portions qf ~ndoplasmic re

ticulum which paralled their membrane~;·· Glutaralqehyde fix

ation inhibited the endogenous peroxidas.e o~ tqe parotoid 

gland and allowed visualization of the perox~sqmes follow

ing incubation in alkaline diaminobenzidine ,medium. Peroxi

somal staining was unaffected by varying HzOz concentrations 

or concentrations of potassium cyanide (KCN) ,.~e~ow 0.1 M, 

but was prevented by aminotrazole and dichlorophenolindo.

phenol. Examination of other exocrine glands, after incu

bation in diaminobenzidine medium, revealed the presence: of 

peroxisomes in the pancreas, and in the submafl:dibu,lar, 

lacrimal, nasal mucosal and Von Ebner's glands. These 

studies indicated that peroxisomes are of widespread occur

rence in exocrine tissues of the rat. 

Studies by Staubli et al. (1977) of repeated admini

stration of the hypolipidemic agent Su-13-437 (Nafenopin) 

to neonatal rats roughly doubled the number, of peroxisomes 

in the liver tissue and caused a six-fold volumetric ex

pansion of the peroxisomal compartment. During the prolif

erative response, the size-distribution of the peroxisomes 

was reversibly altered, enlarged particles appearing .in num-

bers varying according to the dose given. By means of a 

new method of quantitative autoradiography, .Staubli et al. 
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(1977) showed that a) the concentration of~ ~{iv~f:grains 

over the peroxisomes was comparable to that':'f8urid over 'th.e 

endoplasmic· reticulum (ER); b) the peak in~8rpbration of , . . : 

tritiated arginine into the peroxisomes was delayed in com

parison to that of the ER; and c) the lah'el, 6ri~e incorpo

rated into the expanding peroxisomal comp~rtfuent: displayed 

the same shift to large particles as did th.e·,:whole ·popula

tion of peroxisomes. These results are compatibl~ with the 

biosynthetic pathway for peroximal catala~:e propds'ed by 

De Duve (1973), and with the notion that the ·drug induced 
'.I ... ~~ ) ,., ' ( \ • J' 

size-shift might have resulted from progressive growth of a 
' . r· I~:' :' · ' {' i! 

particular class of peroxisomes formed in the' presence o·f 

the agent. During the recovery period the larger ~"'peroxi-

somes were removed preferentially. 

Staubli et al. (1977) administered BR-931,· ·and etha

nolamine derivative of [4-chloro-G-(2,3-iylfdirio):2-pyri~i

dinythio] acetic acid, known as Wy-14,643; at a· dietary con-

centration of 0.125% for 3 weeks to male F-344 .~rats. This 

resulted in a significant enlargement of the liver. The 

hepatomegaly appeared to be due to liver'· ceil ,"hyperplasia 

and hypertrophy resulting, in part, from p'erok'isome and 

smooth endoplasmic reticulum proliferation. ··The':hepatic 

catalase and carnitine acetyltransferase activities in

creased significantly in association with ~~~~ii~ome proiif~ 

eration. All these hepatic effects were ·/revers'ible when 
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the drugs were withdrawn fiom the diet. Reddy and 

Krishnakantha (1975) demonstrated:,.'tnat·'·Wy~l4! 643' caused a 

significant increase in the'1iver weight-and hepatic peroxi

some population in rats arid 7mice. 

In an ultrastructural!~Btudy'· of· hiiman liver biopsy 

specimens, Sternlieb and 'Quintana·· (1977} found that peroxi

somes are regularly present in normal':hunialif'·hepatocytes. 

Some normal peroxisomes were found·: to, d:i.splay:·marginal · 

plates or peripheral crystalline·inclusioris .. which were pres

ent in pathologic specimens',/ as· well. They also reported 

that in certain inherited;nietabolic disorders (Menkes' 

steely hair disease, analbumirieinia) the voiume.:of the indi~ 

vidual peroxisomes appeared -'to' be'.' considerably reduced~ 

Most pathologic processes affecting hepatocytes i seem to· 

produce one or several of~'the·following: increas.ed·volume 

or numbers per cell, chariges of shapes; alterations of ·the 

consistency of the matrix; appearance of dense'inclusions, 

or clustering of peroxisom~s in~s6me·portfons'of the cyto

plasm. Sternleib and Quiritana· (1977) ~ondlud~d~that· 

various pathologic processes -involving the,·hepatocytic 

cytoplasm exert different effects on:·peroxisomes. · 

Srebro and Cichocki' (1971) ·proposed··that the glial 

"Gornori-positive" granulations are large peroxisome~like 

cytoplasmic organelles. It has also been reported that the 

number of the "Gomori-positl.ve"'or ~cysteine-rich-
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periventricular glial cells considerably increased following 

whole-body-X-irradiation (Srebro, 1969, 1970). An increase 

was observed in the number of "Gomori-positive" glial cells 

in rats irradiated with high doses of X-rays to the head 

region and in mice exposed to protracted total body UV-ir

radiations. This increase was considered as a compensatory 

formation of the peroxisome-like organelles in response to 

circulating radiotoxins of an organic peroxide type which 

occurs during the post irradiation period. 

The peroxisome-like system of organelles demonstrated 

in the periventricular glia by Srebro et al. (1970) becomes 

extremely attractive as a possible response mechanism for 

the protection against methylmercuric chloride (MMC) tox

icity. The presence of such a system has been described 

and shown to be rich in thiol and disulfide groups (Noda, 

1959; Srebro, 1970; Srebro and Cichocki, 1971). 

Lysosomes are also organelles that may play an im

portant role in cellular response to radiation and other 

toxic agents. The prime criteria which appear necessary 

for the demonstration of lysosomes are 1) the presence of 

one or more acid hydrolases, known to be associated with 

lysosomes at particulate sites; 2) such sites should pos

sess a single limiting membrane; and 3) the reactions of 

the particles for the acid hematein test, the periodic acid

Schiff reaction, or with the vital dyes (Gahan, 1965). 
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De Duv~. (1963) considered that the· .. lys,oso!Ilal l:lydro-,, 

lases have one function, namely;, tha-t:: Qf ~cid·9iges:t:ion; he 

excluded any possible role in biosyp.the~es ~ • De D~v~. fur,

ther considered these enzymes to ~ct;, in;one:of twow~ys, 

the one involving heterolysis or true intra(!ellu+9-r di

gestion and the other involving:. autqlysis or~, self:-digestion 

of the cell. Novikoff and Shin .(1964) .sugge~sted as.: a w9rk

ing hypothesis that a membrane-4~.limit~c!. cyt()pl~smi,~ par

ticle showing acid phosphatase ?Ctivity; is lik~ly· to con

tain other hydro lases and so may .be considered as. a. 

lysosome. 

Whole-body exposure of mice~ to., ion~zing ~.ra~:l~ation can 

result in marked changes in the. ac f:i.vi ti~s .. and(or:,. di~ tri

bution of lysosomal hydrolases; foup.d in· lymphoid tissy~ 

(Altman et al., 1970). There, was an increase~ in the fra-
~ . . ' .. , ~ . ., .. "·. "' 

gi1ity of lysosomes following radiation exposure to 700 R 

gamma irradiation, and redistribution of:: ~nzyroatic activity 

from the particulate to the supernatant f,ractions, indi

cating increased permeability of the lysosomal memb.ran.e in 

vivo (Roth and Hilton 1968; Rene ,et at~ , :1971). ~· · ·. 

Aikman and Wills (1974b) studied lysosomal me111brane 

permeability and acid phosphatase .. act-iyity: 'histochemically 

in sections of tissues from mice which,·haq: b.een ~subj,ect:.ed 

to 50 - 1,000 rads whole-body irradiations. After a whole

body dose of 850 rads, they reported no change in lysosomal 
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membrane permeability or in, enzyme,::~activity:,of ·liver, kid~· 

ney, heart, or adrenal; but·~ .,::;substantial in:crease.::of mem

brane permeability and acid phospha~ase.activity,were 

observed in spleen and thymus ... ,·.~ A· dose of·.:.·lOO rads caused. 

an increase in the permeability.: of ·lysosomal ·,membrat,1es i;in · 

the spleen; whereas, after 300.·rads, the membranes .wer~ 

fully permeable. Enzyme activity :was :.,progressively 'in.-. 

creased by doses up to 850 rads and greater activation of 

the enzyme was observed in ·'the: .. thymus ·than ·in·· the ·spleen. , 

Several mechanisms forth~ release.of hydrolases from 

lysosomes have been proposed.~ Some have~suggested·that 'la

bialization of the lysosomal. mep1brarte' .. may resu~ t from. di~. 

rect attack of lipid peroxides ·on the meinbr,ane· (Kocmiersha 

and Rodzka, 1972; Wills and Wilkinson, 19.66) ~ ~· · Lipoperox

ides generally are present· in ~:.tissues at a low level, be~ 

cause water soluble antioxidants· react with, th~mc (Wills,:.;.· 

1966). 

Formation of lipoperoxide.~ is related to. the effects 

of radiation on membranes of.· su,bcellular particles, espe

cially lysosomes (Wills and Wilkinson, ·t966) ~·, Liberation 

of lysosomal hydro lases, as well ... as .disr.uptiot?-., of: lysosomes, 

take place after relatively low· doses of,in vivo. irradi

ation (100 - 700 R) (Gouiter and Gouiter, 1962) but re-:·~ 

quires much higher doses of 5 ~. 20 .kR,in .vitro (Wills and 

Wilkinson, 1966). 
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The peroxidative process antecedes the ;release :.of en

zymes from in vitro irradiated lysosomes (',-Jills and " 

Wilkinson,_ 1966) and may be an obl:L'gatory step leading to 

the disintegration of the membrane·. 'Others postulate that 

the permeability of the lysosomal-'.membrane :following radi

ation may be regulated by hormones (Rahman, ~963) or by 

mediators released from radiosensitive-lymphocytes (Aikman 

and Wills, 1974a). ~·~ 

Chang and Reuhl (1977), by means ,<)£'-'.electron micros

copy, reported an increase in lyso'soma1 ;:activities; ·'forma

tion of giant sized lysosomes and disintegration of the 

rough endoplasmic reticulum suggesting ·an early ·sign· of cel

lular degeneration of the neurons when ·.female rats ,.were 

administered methylmercuric dicyandiamide~· .Thus, it>is 

possible that lysosomes may be involved in the cell protec

tive mechanism, based on the assumption:.that lysosomes en,~·. 

gulf methylmercury particles thereby inactivating them. 

Lysosomal enzymes are suggested to:be involved in se

nescence of mannnalian tissues (Finch, 1972 ;' Wilson, 1973). 

Most previous studies have been concerned with change ,in 

total activities of enzymes while few investigations have 

focused on differences in the intracellular location of 

enzymes (Wilson, 1973). Go to et al. (1969) ~demonstrated 

that the ratio of acid ribonuclease activities in the sol

uble fractions to that in the particulate fractions of 



15 

liver increased during aging .. of animals .·an& "their. results 

suggest an enhancement of lysosom'e~· fragility with a possible 

liberation of the enzyme into the·' 'cytoplasm with ·age. 

Cristofalo and Kabakj ian (1975) reported' ~an increase· of 

acid phosphatase and a-glucuronidase activ:Lties in the lyso

somal and supernatant fractions of ·a. human; lung cell line 

(WI - 38) during in vitro again, and the ~stabilization o'f 

lysosomes and life span extension·· of cells 1in hydrocorti.;..: 

sane-treated culture. Shingo et. al. (1979) ·found when the 

"senile" (34-37 months) rats: and· "old" (24.;..'27 months): rats 

were compared, it was evident that the total activity of 

liver 8-N-acetylglucosaminidase and brain acid deoxyribonu-

clease in the supernatant and the· specific activity of i ··· 

brain 8-N-acetylglucosaminidase ih.the microsomal.fraction 

of senile rats were significantly greater. In mdst cases~· 

the ratios of activities of other enzymes in either or both 

the microsomal and supernatant fractions were very similar.· 

to those of liver and brain·S-N-acetylglucosaminidase. 

These changes of the intracellular location of the lyso

somal enzymes suggest two possibilities. First, the smaller 

lysosomal vesicles may accumulate during late senility. 

Second, the fragility of lysosomes may be. enhanced with. 

senescence (Goto et al., 1969; Cristofalo and Kabakjian, 

1975) and the disruption of the particles during homogeni

zation may be induced, resulting in the liberation of 



16 

fragments of the lysosomal membrane contain~ng the ,enzymes 
,,1.,", J •:, 1 ..,;. 'l,'; I !- I ·' 

into the supernatant and/or the microsomal fraction . . ' . : ~ ' . . ,:.. ' "' 

Mercury and other heavy me~als ac~u111ulate ip lysosomes 
• • 'I' • ;~· ,·· - , • r 

of different tissues under normal conditions and d~ring , 
I ~~ , ' 'I 

various diseases and intoxications. (Brendeford, 1971; 

Sternlieb and Goldfischer ,. 1976). During ~xposure of ani7"" 

mals to mercury, the kidney is the orga~ witp the highest 

deposition (Clarkson, 1972) and mer.curials have peen widely 
' . ~ 

used as diuretics acting primarily on renal sodium trans-

port (Cafruny, 1968). In.t::he kidney, mercury accumulates 

in cortical lysosomes during chronic intoxication wit;h,.mer

curic chloride (Madsen, et al., 1976) and accumulat~on has 
• ~.· l ' ' ~ 

also been reported during intoxication with methylmercu~y 

hydroxide (Fowler et al., 1974), but whether mercury .. has 
' ., 

any influence on normal lysosomal functions is unknown. It 

is well established that lysosomes in the proximal tubule 
' ' ' 

cells play an important role in the degradation.· of p:rote~ns 

taken up from the glomerular filtrate (Christensen, 1976; 

Christensen and Maunsbach, ~972; Maunsbach, 1973). 

Madsen et al. (1976) demonstrated that low concentra

tions of mercury interfere with normaJ .. lysosomal, functions 

in the renal proximal tubule by decrea~ing lysosomal proteo-

lytic activity. In vitro addition of mercurials to lyso-
- ,-~~. . 'l 

somal enzymes induced a concentration,dependent decrease in 

the degradation of both lysozyme a~d ~ytochrome c. It is 
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known that proteins absorbed in the kidney are transfe'rred 

to lysosomes that contain a group of proteolytic enzymes, 

cathepsins (Straus, 1964; Mat.irisbach, 1973), including/''the 

thio-dependent cathepsin B (Shibko and·:Tappel, 1965). ·In as 

much as mercurials are potent enzyme inhfbitors,'primarily 

reacting with :sH-groups (Webb, · 1966), it·· seems likely that 

the demonstrated effect of mercury on iys·osomal protein·· di- · 

gestion is due· to inhibition';of:·some of the cathepsins 

(Madsen and Christensen, 1978)'.: -

Madsen and Christensen (1978) also·showedlrio 'differ--' 

ence in total uptake and intercellular transport' of pf'otein 

to lysosomes of the proximal tubule in normal and :me·r'cury

intoxicated rats in contrast to results obtained in experi-
). 

ments with mice, in which it was suggested that mercury' 

inhibits heterolysosome format'ion (Mego and Barnes, 1973). 

Barratt ·and Wills (1979) ieported that the~acii~ity 

of lysosomal acid phosphatase.· and a-glucuronidase; was' in'

creased in both spontaneous and' transplanted c3H mouse 

tumors innnediately after they had received hyperthermic 

treatment in vivo. The activation was not confined to neo-

plastic cells,; as the lysosomal enzyme's in the spleen wer'e 

activated after lower-body hyperthermia. The latter'lacti:...: 

vation occurred at a lower temperature than that used wfth 

tumors, since the water temperature was· only 42°C and 'the· 

spleen, being a deep tissue, was probably several degrees 
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cooler. They suspected t~at part of th~s activation was due 
' .. ,': 

' " 

to indirect.stimulation by hormones. The immediate response 

of transplanted tumor lys~s~~es to hy~erth~~mic treatment 

60co gamma radiation prior to heating. The lysosomal acti-

vation 24 hours after irradiation increased if the radia-
it• 'i 

' .. .,/,_ 0 ··'' 

tion was followed by 1 hour.a~ 43 C. The treatment used was 
:• 

one that has produced a la~g~ per~entage of cures in the 
' • f ••• ,., :··1 

C3H tumor system (Overgaar~. ~nd O~ergaard, 19?2). The 

individual heat and radiation regimes alone would not cause 

a high percentage of cures so some interaction between the 

modalities must have occurred. In contrast, hyperthermia 

and irradiation did not appear to be synergistic in their 

effects on lysosomes. ~ysosomal activation may not, there-
~; . ' ~· . ~ 

fore, be a primary event in tumor regression which results 

from combination therapy. ~~vertheless, lysosomes are 
.. : l 

probably very important in the hyperthermic response and 
'::.\ 

are involved in all types of tumor cell destruction, which 
.-.. ~. ~· "• •, : \ 

·' 

involves autolysis, but as a secondary agent are triggered 

by some other biochemical event. 

Klein et al. (1973) noted by light microscopic auto

radiography a uniform distribution of lysosomes throughout 

all segments of the proximal convoluted tubule of the kid-

ney following a single injection of labeled methylmercuric 

hydroxide into male rats. 
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In a study on rats Fowler et al. :·(1974)· demonstrated 

that mercury was sequestered in lysosomes of male rat kid

ney and s~ored as discrete particles in}lysosornes that 

differ morphologically from the bharact~risti~ phagosome or 

autophagosome. The mercury-containing:: lysosomes have a 

granular matrix, while phagosomes contain remnants of cell 

organelles and membrane profiles. Mercury-containing lyse

somes of renal cells also differ'' from the normal renal 

lysosomes with respect to their locali~ation in the second 

and third segments of the proximal convoluted ·tubule' rather 

than in the first and second segments. 

It has been suggested by Brun andBrunk (1970) that 

metals at low concentrations may·be normal coristituents of 

lysosomes perhaps existing as ligands to·· sulfhydryl groups. 

Lysosomal binding of metals, dyes, and cationic drugs has 

been associated with an acidic lipoprotein, probably of the 

lysosomal matrix, (Dingle and Barrett,·l968; and Goldstone 

et al., 1970). The coupling of mercury to such a component 

could explain the homogeneous, granular appearance of the 

lysosomes. Chronic low level mercury administration may 

simply stimulate a normal lysosomal mechanism for binding 

metals. 

The mode of mercury entry into lysosomes is unclear. 

Other heavy metals, such as lead and gold, appear to gain 

entry into lysosomes through autophagy of poisoned 
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organelles, such as mitochondria, (Goyer, 1968; Stuve and 

Galle, 1970). . '. 

Hupp ·et al. (1977) reported.:that ~·g'eru~~r·ally the effect 

of the co-insult treatment with ionizing radiation and 

methylmercuric chloride was les:s than that of either agent 

alone. Hupp et al. (1974) in as\s·aying for bra~in serotonin 

and norepinephrine after single and·'co.:.in.s·ult ·treatment with 

X-irradiation and MMC, found indicat:Lons that the effect 

of single insults upon neurotransmitter level's tended to be 

neutralized in the co-insult tr~£tment. The.fuortality re

sponse of the rats to the co-irisult·tfreatmeri.t was interme

diate to their responses exhibited ~fter the Single insult 

treatments, indicating a neutralization pattern in which the 

X-irradiation effect appeared to override the -mortality 

effect of MMC (Hupp et al., 1977). · 

Earhart (1975) proposed that the neutralization 

effect, inferred from the mortality t~sponse 6f rats to the 

co-insult treatment with MMC ana X-irradiation, indicated 

that X-irradiation affords a measure of protection against 

:Ml1C toxicity. He proposed that the{ effect might be due to ' 

proliferation of peroxisome-like orgarielles:in the brain 

elicited by the effects of the'radiat"ion, which in turn 

protected against methylrnercuric chloride toxicity. -This 

lead to his studies with hydrogen peroxide described in the 

introduction. However, the lit·erature revi'ewed earlier 
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suggests that peroxisome proliferations in. other tissues .. and 

r_ ~.. (:. ,-~ ... · ., ,' t'' \' .. ,,~ ·_, '-~ · . • t·, ·• :. 

also the possible role of lysosom~s ~n,.,~h~ p;r9tectiv~ ·: 
·,. I,' I, ._,~ , · ,, •. . l• · . · , , !,\ ,, , j , ',.; 

response should be investigated .... 

Ratibn~le ~or Choice of Experiments 

The histological and histochemical experiments, de-
-~ ~ , ,' I :, , ~ · "'.v , '· · •. ··, ' ~ : · "' 

signed to determine any changes_in.the numbe:r:.of peroxisomes 
'•• • I : ', ,'• 1; ••• •• ·,_r' \ .

1 
{':, ,.J i: ', '-e "<,. J. ·, 1 

and lysosomes, were based upon results of Earhart (1975), 

who reported an increase in the number of peroxisome-like 

(P-L) organelles in the nucleus arcuatus of the rat brain, 

after treatments with hydrogen peroxide and a single insult 

of 800 R 60co whole body gamma irradiation. Peroxide 

injection may produce many effects, in addition to P-L 

organelles proliferation, capable of protecting against 

mercury-induced mortality, directly or indirectly making 

-SH groups more available in all tissues. Thus, methyl-

mercury may have been trapped before reaching the brain. 

The choice of liver and kidney as additional tissues 

to examine was based on the following: 

a) Since intraperitoneally (I.P.) administration of the agents 

leads to liver accumulation, it seems that liver sequestr-

ation of mercury would most likely be a factor to consider. 

b) Based upon the fact that the kidney is the primary excre-

tory organ, it is possible that some of the mercury par

ticles have been trapped by the proximal and/or distal 

tubules. 
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Earhart (1975) proposed that both hydrogen peroxide 

and gamma irradiation prot~ct~·d ag~inst the effect of MMC 

intoxication by causing~ proliferation of P-L organelles. 

If this is a general phenomena, hydrogen peroxide should 

also protect against the indi~ect eff~dts of ~adiation ~rid·~" 

therefore, provide protection ''against'::a mid-lethal dose. of 

gannna radiation. Thus the lethality g:kperiment was designed 

to test this hypothesis. 
,•,1 •' ... 

~ r • ~ 



MATERIAL AND METHODS 

Animals 

A total of 30 large mature male Sprague-Dawley-derived 

rats, approximately 170 days old and weighing 415 - 505 g, 

were used in a preliminary lethality study, and 110 mature 

male Sprague-Dawley-derived rats, approximately 90 days old 

and weighing 250 - 300 g, from the Texas Woman·' s University 

colony were used for the main studies. Rats'v;rere main

tained on Purina Laboratory Chow and water and housed five 

to a cage. They were on a 12:12 hour light-dark cycle in 

a room approximately 21°C during the test period. 

Treatment Procedures 

Hydrogen Peroxide Treatment 

Earhart (1975) showed that 1.8 ml of 1.5% hydrogen 

peroxide could be administered intraperitoneally without 

causing any observable detrimental effects. The hydrogen 

peroxide treated groups received five doses of 1.5% hydro

gen peroxide at 24 hour intervals for five days. Control 

animals were injected with a corresponding volume of dis

tilled water. 

Gamma Radiation Treatment 

Whole body 60co gamma radiation was delivered to un-

anesthetized experimental animals by a U. S. Nuclear 

23 
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Corporation GR-9 ganuna irradiator. Rats were placed in a 

cylindrical cardboard container 120 mm long and 80 mm wide. 
''(' 

Sham irradiated animals were placed in the same type of 

container for a comparable period of time. 

Methylmercuric Chloride (MMC) Treatment 
I., • 

From a stock of saline solution containing 3 mg of 

MMC/ml, injections were given at 8 mgjkg of body weight. 

All MMC doses were administered by intraperitoneal injection. 

Co-Insult Treatment of Methylmercuric Chloride and 
Gamma Radiation 

Acute doses of 8 mg/kg body weight of MMC were~.admin-

istered and five days later the animals were exposed to 

800 R gamma irradiation. 

Experimental Plan for Determining Changes 
in the Number of Peroxisomes and 
-- --- Lysosomes 

Assignment of Animals to Treatment 

A total of 50 rats were divided randomly into five 

groups of 10 animals each with these treatments: Group A, 

five daily doses of 1.8 ml of 1.5% hydrogen peroxide pre-

treatment; Group B, 800 R whole body gamma irradiation at 

the rate of 285.7 R per minute; Group C, one dose of 8 mg 

MMC/kg body weight; Group D, a dose of 8 mg MMC/kg body 

weight and five days later 800 R gamma irradiation; Group 

five doses of 1.8 ml H
2

0 and sham irradiation (Table I). 

E, 
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TABLE I 

Expe:rimental protocol using hydrpgen, .peroxide, and . 

single and co-insults of 60co garmna ~adiation .. and methyl

mercuric chloride to investigate change? :in.n~mber of 
c ',, _, - ~ ' • '• \, J }> 

peroxisomes and lysosomes in brain, liver, .. and kidney of .. 

mature male albino rats. Intraperitoneal. injections were. 
', - 'I'' 

used. 

.:·, 1 

Day from First 
No. of Treatment to, 

GrouE Animals Treatment Kill 

A 10 1.8 ml of 1.5% hydro..; 7 
gen peroxide daily 
for five days 

B 10 800 R whole body 7 
gamma irradiation ~, \ 

c 10 8 mg MMC/kg body 2 
weight 

D 10 Co-insult of 8 mg 7 
MMC/kg body weight; : .. '" 

800 R gamma irradi-
ation 5 days later 

E 10 Distilled water (1.8 7 
ml) for 5 days, fol~ 
lowed by sham ga~? 
irradiation 

) • i ;:: 
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Pro~e~sing ~f Animal Tissues 

Animals were killed after treatments b~ pentobarbital 

anesthesia. Tissues were fixed in 10% ~o~ma1dehyde for 18 

hours and prepared for light microscopy by accepted methods 

of dehydration and embedded in paraffin (Humanson, 1972). 

Serial sections seven micrometers (llm)'thick were cut on an 

A. 0. Spencer "820" microtome. The nucleus arcuatus region 

of the brain was located by using a stereotaxic atlas 

(Konig and Klippel, 1970). 

The brain tissues were stained by Bargmann's modifi

cation of the chrom-alum haematoxylin-phloxin technique of 

Gomori (Pearse and Everson, 1960), to show peroxisome-like 

organelles. Other serial sections of the same brain area, 

liver, and kidneys were processed by a modification of the 

histochemical method of Novikoff and Goldfischer (1969), 

to show peroxisome and lysosome organelles. The modifi

cation were as follows: 

a) The tissues were fixed in 10% formaldehyde instead of 

3% glutaraldehyde. 

b) The tissues were embedded in paraffin for sectioning. 

c) The slide-mounted serial sections were incubated and 

stained separately to identify lysosomes from peroxisomes. 

d) Potassium cyanide (0.1 M) was added to the incubation 

medium of lysosomes. 
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e) The tissue sections were deparaffifiiz~d afid hydrated be

fore being transferred to incubation media as follows: 

1) The slides were deparaffinized in 2<::chci'riges of 100% 

xylene: 3 minutes in each; 

2) Then they were transferred to i changes of 100% 

absolute alcohol: 1.5 minutes in each; 

3) The tissues were hydrated in, 2 changes o£'"95% ethyl 

alcohol: 1. 5 minutes in each;' 

4) Then hydration was continued in 2 changes of 70% 

ethyl alcohol: 1.5 minutes in\each; 

5) The tissue sections were washed in running tap water 

for 5 minutes before being transfe'rred to their spe-

cific incubation media. 

Procedures to Demonstrate Peroxisornes 

a) The incubation medium consisted of: 

1) 20 mg DAB tetra-HCl 

2) 9.8 ml 0.05 M 2-amino-2-rnethyl-1,3-propandiol buffer, 

pH 10 

3) 0.2 ml freshly prepared 1% hydrogen peroxide 

4) 65 mg potassium cyanide (KCN) to prevent :the back

ground staining of mitochondria. This action of 

KCN was noted earlier by Novikoff··and Goldfischer 

(1969). 

b) The pH was adjusted to 9.0 using concentrated HC1 and 

the precipitate that formed was removed by filtration. 
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c) Incubation of tissue sections was .performed at 37°C for 

30 minutes. ,..,'I 

d) Tissue sections were·t~ansferred to.~he lead citrate 

staining solution. 

Procedures to Demonstrate Lysosomes 

a) The incubation medium consisted of: 

1) 20 mg cytidine 5' -monophosphoric acid .{C:MP) 

2) 9.8 ml 0.05 M 2-amino-2-methyl-1,3-propandiol buffer 

pH 10 

3) 0.2 ml freshly prepared 1% hydrogen peroxide 

4) 65 mg (0.1 M) potassium cyanide, described earlier. 

in the peroxisomes preparation procedure. 

b) The pH was adjusted to 5.0 using 1.0 N NaOH. 

c) The incubation of tissue sections was performed at 37° C, 

for 25 minutes. 

d) The tissues were transferred to the le~d citrate stain-

ing solution. 

Procedures to Demonstrate Lysosomes and Peroxisomes in 

the Same Sections 

a) The tissues were incubated first to show lysosomes with 

CMP, (pH 5, 25 minutes, 37°C). 

b) Then they were transferred to DAB incubation medium to 

show peroxisomes (pH 9, 30 minutes, 37°C). 

c) The tissue sections were transferred to the lead 

citrate staining solution. 
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Procedures for Staining with Lead Citrate 

a) The lead citrate staining solution was prepared accord

ing to.the procedure of Reynold (1962). 

b) All previously incubated serial sections were stained 

in the lead citrate solution for 10 minutes. 

c) The sections were washed in 0.02 N NaOH for 3 minutes. 

d) The sections were washed with distilled water. 

e) The sections were allowed to drain dry. 

f) Cover slips were attached with Permount. 

Procedure to Counterstain Against Lead Citrate 

Tissues of brain, liver, and kidney were processed as 

described earlier. The haematoxylin counterstain was 

applied as follows: 

a) After sections were stained in lead citrate, the slides 

were: 

1) Washed in 0.02 N NaOH for 5 minutes, 

2) Washed in distilled water for 5 minutes, 

3) Scott's solution: for 3 minutes, 

4) Running water: for 5 minutes, 

5) Haematoxylin counterstain; for 1 minute, 

6) Washed in running water: 5 minutes. 

b) The slides were dehydrated in the following series: 

1) 70% ethyl alcohol: 2 dips, 

2) 95% ethyl alcohol: 3 dips, 
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3) Two changes of 100% absolute :.'atcohol: 3 minutes in 

each, 

4) Two .changes of 100% xylene: 3 minutes in each. 

c) The slides were air dried. 

d) Cover slips were attached with ·Permount. 

Identifiable Features of Peroxisomes and Lysc)somes 

Peroxisomes ar~ a group of intracytoplasmic particles 

limited by a single membrane. The matrix is :,finely gran

ular. Their presence has been demonstrated histochemically 

in this study in the hepatocytes, renal tubular cells and · .. : 

the nucleus arcuatus of rat brain. After serial section~r 

of these tissues have been incubated in DAB medium (pH···'9; 

30 min. 37°C), they show homogenous DAB reaction products. 

Peroxisomes measure 0.2 - 0.5 ~m in diameter (Novikoff and 

Goldfischer, 1969). With the exception of fetal tissues, 

peroxisomes always maintain a close spatial relationships ' 

to the smooth endoplasmic reticulum or to the·· smooth 

portion of rough cisternae (Ericsson an'd Trump, 1966); 

Peroxisomes were recognized as sp~~ific ~ytoplasmic 

particles characterized biochemically by their content of 

catalase and one or several oxidative enzymes with slightly 

alkaline pH optima (De Duve and Baudhuin, 1966). 

To prove conclusively that particular types of gran

ules observed in tissue sections correspond to lysosomes, 
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Bitensky (1962) considered that ideally, they should be 

shown to be: (a) inert when intact; (b) activated by treat

ments that will damage membranes; and (c) any diffuse re

action for acid phosphatase should be shown to have. emanated 

from the particular sites. A feature of lysosomes is their 

limiting membrane, which appears to be primarily lipid

protein in nature. 

Lysosomes were recognized in the present study, under 

light microscopy, after tissue sections incubated in 

cytidylic acid (pH 5, 25 min., 37°C), and stained with lead 

citrate. They are characterized by a dense precipitate of 

lead in the membrane and a nearly opaque matrix. The use 

of haematoxylin as a counterstain to lead citrate, again 

clearly demonstrated the presence of both peroxisomes and 

lysosomes in this study. 

In the present work P-1 organelles in the nucleus arcu

atus of rat brain were visualized after tissues were 

stained in Bargmann's modification of the chrom-alum haema

toxylin-phloxin technique of Gomori (Pearse and Everson, 

1960). The P-L organelles appeared as dark pink particles, 

with a homogenous matrix and usually round, ellipsoid, or 

angular in shape. 

Quantitation of the Cellular Organelles 

Peroxisome-Like Organelles 

Peroxisome-like organelles positive for the chrom-alum 
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haematoxylin-phloxin in the nucleus arcuatus were counted 

in a 0. 322 mm2 area of each of the 10 seri~l sections from 

each animal, using the lOX objective of the Reichert Vis-

0-Pan projection microscope, giving a total magnification 

of 122 X. 

Peroxisomes and Lysosomes 

The lead citrate stained peroxisomes and lysosomes in 

the liver, kidney and the nucleus arcuatu~ of the rat! :,: 

brain were counted in a 0. 020 mm2 area of: each-' of 10' serial 

sections from each animal, using the 40X objective· bf, the+'! 

Reichert Vis-0-Pan projection microscope, givlng a'total 

magnification of 545 X for the area examined. Differences· 

between groups 'tvere tested by analysis of· the·· vari·ance. 

·: ,, 
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EXPERIMENTAL PLAN FOR DETERMINING THE EFFECTS 
OF HYDROGEN PEROXIDE PRETREATMENT ON GAMMA 

RADIATION INDUCED LETHALITY 

Experiment 1 

Thirty mature male rats', ·approximately 170 days oid ., ·· 

and weighing 415 - 505 g' were \1s'ed in ··tl1fs preliminary ,, I 

study (Table II).· The experi~~ntal Groups, I, II, and III, 

received five doses of 1.0, 1.4, and 1.8 ml of 1.5% H2o2 

respectively, and each received 775 R gamma irradiation de

livered at 291 R per minute; Gf~up IV, f:Lve" do§·es···a£·:1~8 ml 

of distilled water and 775 R garrrrna irradiation,· delivered 
{' 

at 291 R per minute; Group V, sham radiation and five doses 

of 1.8 ml of 1.5% H2o2 ; Gro~p '\rr·, sham radiation an·d five 

doses of 1.8 ml distilled water (Table II). 
L• 

Injections were given 'intraperitoneally for·five days 

at 24 hour intervals, and rats.were irradiated or sham ir

radiated 48 hours after the·t last injection. Animals were 

observed for 30 days after irradiation or sham irradiation 

and deaths were recorded daily. ' , , 
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TABLE II 

Experimental protocol of prelimiriary·tethality study of 

mature male rats injected intraperitone.ifly;with l.S% hydro

gen peroxide (HzOz) and subsequently ei?bs·ed to '60co, gaimna 

irradiation delivered at 290 R/min. 

Group 

I. 

II. 

III. 

IV. 

v. 

VI. 

No. of 
Animals 

5 

5 

5 

5 

5 

5 

Injection~': 

1.0 ml HzOz 

1.4 ml HzOz 

1.8 ml HzOz 

1.8 ml HzO 

1.8 ml Hzoz 

1.8 ml HzO 

, . Treatment . ., 
Gamma-irradfation 

775 R 

775 R 

775 R 

775 R 

0 

0 

*One injection a day per animal for 5 days 
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Experiment 2 

Sixty male rats, approximately 90 days old and weighing 

250 - 300 g, were used. The experiment was conduc~.ed in 

two replicates, with 5 animals in each treatment gro;y·P .. in 

each replicate (Table III). The experimental·, t:eat~~nts 

were the same as in the previous experiment. The gamma 

radiation dose rate was 287 R per minute in the first repli

cate, and 283 R per minute in the second. As in the pre-
f ' 

vious experiment, animals were observed for 30 ·days after 

irradiation or sham irradiation and deaths recorded daily. 
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TABLE III 

Experimental protocol of lethality study of mature 

male rats injected intraperitoneally with 1.5% hydrogen 

peroxide (H202) and subsequently exposed to 60co gamma ir

radiation, delivered at 287 or 283 R/min. 

Group 

I. 

II. 

III. 

IV. 

v. 
VI. 

No. of 
Animals 

10 

10 

10 

10 

10 

10 

Injection~'.-

1.0 ml H202 

1.4 ml H202 

1.8 ml H202 

1.8 ml H20 

1.8 ml H202 

1. 8 ml H20 

Treatment 
Gamma-irradiation 

775 R 

775 R 

775 R 

775 R 

0 

0 

*One injection a day per animal for 5 days 



RESULTS 

Light Microscopy of the Brain, Liver and Kidney 

Light Microscopy of Peroxisome-Like (P-L) Organelles 

Examination of the nucleus arcuatus of the rat brain 

for the presence of P-L organelles revealed these organelles 

as round, ellipsoid, or angular in shape (Fig. 1). Rats 

treated with distilled water showed P-L organelles as round 

structures with a homogenous matrix (Fig. la). The P-L 

organelles of the hydrogen peroxide and radiation groups 

did not appear to differ morphologically from those of the 

distilled water group. In MMC treated rats, P-L organelles 

appeared as round, ellipsoid, or angular in shape with a 

homogenous matrix (Fig. lb). Rupture of the membrane of 

the organelles as indicated by decreased density of the 

matrix, irregular shape, lack of clear demarcation between 

the organelle and surrounding cytoplasm and evidence of ex

trusion of the contents of the organelle was observed in 

all sections examined. Occasionally, what appeared to be 

budding organelles were observed in clos.e association with 

the rough endoplasmic reticulum. This process could lead 

to a proliferation of organelles. Rats treated with the 

MMC and gamma irradiation (Fig. lc), also revealed the P-L 

organelles as round, ellipsoid, or angular structures with 

37 
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Figure 1 

Light micrographs illustrating peroxisome-like 

organelles of the nucleus arcuatus of the brain stained 

with Bargmann's modification of "Gomori-positive." 
, ,:: !j' 

:'(ia) 

Most of the organelles (0) of control rats appear as· 

rounded (R) structures with a homogenous matrix. G, 

Glycogen granules. X 2000. (lb) Peroxisome-like organ-
~ •.. 

elles from animals treated with MMC, showing organel~es 
-\ '!>,'-.j 

with a homogenous matrix. Note membrane damage (D) ·to 
many of these organelles. They appeared as round (R)~ .. ; 

ellipsoid (E), or angular (AN) in shape. B, Budding 
'I 

P-L organelles; G, Glycogen granules; ER, Endoplasmic;. 

reticulum. X 2000. (lc) Co-insult treatment of MMC ai{d 
. ,!(. 

BOO R gamma irradiation showing D, damaged peroxisome~··i: 
;~ ~~ '{' 

The organelles differ in matrix density and are round.··.;~ 

(R), ellipsoid (E), or angular (AN) in shape. 

ding P-L organelles. X 2000. 





39 

a variation in organelles' density. Some also showed mem

brane rupture. 

Light Microscopy of Peroxisomes 

Serial sections of rat brain, liver and kidney were in

cubated in DAB medium and stained with lead citrate. Per

oxisomes in the nucleus arcuatus of distilled water treated 

animals (Fig. 2a) exhibited normal peroxisomes of round 

structure with a homogenous matrix. Methylmercuric chlo

ride treated animals (Fig. 2b) showed membrane rupture, 

this damage was illustrated in peroxisomes that exhibited 

precipitate of lead citrate in part of the membrane, and 

none in other areas, and by the presence of gaps in some 

membranes. Co-insult treated rats (Fig. 2c) showed similar 

types of damage to peroxisomes, however, most of these or

ganelles were normal round structures with a homogenous 

matrix. 

Peroxisomes of liver tissues (Fig. 3) showed homogenous 

round or ellipsoid organelles in control rats (Fig. 3a). 

Fusion of some organelles was observed. Infrequently, the 

peroxisomes exhibit budding where a smaller organelle seems 

to be developing from a larger one, a phenomenon observed 

that may act in the regeneration process. Hydrogen perox

ide treated rats (Fig. 3b) had fewer fusing peroxisomes 

than control rats but the number of peroxisomes which 



40 

Figure 2 

Light micrographs of peroxisomes of the nucleus 

arcuatus, sections incubated in DAB and stained with 

lead citrate. (2a) Control rats reveal peroxisomes (P) 

as intact (I), round (R) organelles, with a homogenous 

matrix. G, Glycogen granules. X 1260. (2b) Peroxi

somes of MMC treated animals. Note damage to peroxi

somal membrane (D). Organelles rounded (R) or ellipsoid 

(E). G, Glycogen granules; C, Cisterna of the endo-

plasmic reticulum; GP, gap. X 1260. (2c) Co-insult of 

M:MC and gamma irradiation showing D, damaged peroxisomes. 

Peroxisomes appear as round (R) or ellipsoid (E) organ

elles. C, Cisterna of endoplasmic reticulum; G, Glyco

gen granules. X 1260. 
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Figure 3 

Light micrographs of rat liver tissue incubated in 

DAB and stained with lead citrate. (3a) Control rats 

showing homogenous peroxisomal organelles of the liver, 

round (R) or ellipsoid (E) in shape. B, Budding peroxi

somes; F, Fusion of organelles. X 1260. (3b) Hydrogen 

peroxide treated animals, illustrating peroxisomes of 

liver tissue, round (R) or ellipsoid (E). F. Fusions 

of two or more peroxisomes; B, Budding peroxisomes. 

(3c) Peroxisomes of 800 R gamma irradiated rats revealed 

enlargement in size of some peroxisomes (Sl, 82). Fewer 

fusions of two or more peroxisomes (F) were observed. 

Budding (B) of peroxisomes was observed. X 1260. 
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exhibited the budding process was comparable to control 

rats. Normal round or ellipsoid structures were observed. 

Photomicrographs of peroxisomes in whole body gamma ir

radiated rats (Fig. 3c) revealed a greater differential in

crease in their size. 

Liver peroxisomes from animals treated with MMC (Fig. 

4a) displayed membrane damage in the form of gap formations 

and less darkly stained protrusions from the peroxisomal 

membrane. Figure 4b (co-insult treated ·animals) illus

trates again the damage inflicted by MMC toxicity on peroxi

somes, and the antagonistic action of whole body gamma 

irradiation, in causing a possible neutralization of MMC 

toxicity. The morphological observations revealed that 

less peroxisomes were damaged than in those treated with 

MMC alone. 

Peroxisomal organelles from kidney tissue of control 

rats, those pretreated with hydrogen peroxide, and gamma ir

radiation (Fig. Sa, Sb, Sc), respectively were normal in 

appearance. Many organelles that were less darkly stained 

than in brain and liver tissue were observed in all 3 

groups. An increase in size of some of the organelles was 

observed in peroxide treated and irradiated animals. Peroxi

somes from animals treated with MMC (Fig. 6a) and from co

insult treated animals (Fig. 6b) revealed a large number of 
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Figure 4 

Light micrographs of rat liver tissue sections. 

(4a) MMC treated rats revealed characteristics of MMC 

action on peroxisomes. Note damage (D) to peroxisomes 

membrane, with possible release of enzymes and enzymes 

products into the cytoplasm. Organelles are rouno (R), 

ellipsoid (E) or angular (AN) in shape. B, Buddi~g 

peroxisomes; F, Fusion of peroxisomes; GP, Gap; PR, 

protrusion .. X ·2000. (4b) Illustrates peroxisom,es from 

rats after co-insult treatment of MMC and 800 R g~a 

irradiation. Note membrane rupture (D), clusteripg of 

more than one peroxisome organelle together (CL). ·; Also 
I 1', 

many organelles are still intact (I), apparently ·:un-
damaged by MMC. Organelles are round (R) or ell~psoid 

(E). F, Fusion of peroxisomes; B, Budding peroxisomes. 

X 2000. 
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~igure 5 ; 

Light micrographs of peroxisomes from serial sec

tions of rat kidney incubated in DAB and stained .with 
' 

lead citrate. (Sa) Control rats show numerous ~used 

peroxisomes (F). G, Glycogen granules. X 1250. (5b) 

Rats treated with hydrogen peroxide reveal frequent 

fusions of peroxisomes (F). C, Cisterna of endoB~asmic 

reticulum show intimate relationship with peroxisomes (P); 

G, Glycogen granules. X 1250. (Sc) Peroxisomes from 800 

R whole body gamma irradiated animals. P, Possible in

crease in size of some peroxisomes; G, Glycogen granules; 

F, Fusion of peroxisomes. X 1250. Peroxisomes in the 

above figures appeared round (R) and a few are ellipsoid 

(E) in shape. 
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Figure 6 

Light micrographs of peroxisomes from tissues of rat 

kidney. (6a) Rats treated with MMC show membrane disrup

tion of peroxisomes (D) throughout the examined areas. 

C, Cisterna of endoplasmic reticulum show intimate re

lationship with peroxisomes (P). X 2000. (6b) P, Peroxi

somes of co-insult (MMC and 800 R gamma irradiation) 

treated animals. Micrographs show disruption of peroxi

somal membrane (D). Many peroxisomes are left undis

turbed or intact (I). Fusion of a few of these organel

les (F) was observed. Many organelles are ellipsoid (E) · 

in shape. G, Glycogen granules; C, Cisterna of endo

plasmic reticulum. X 2000. 
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damaged peroxisomes with disruption of their membranes. 

Cisternae of endoplasmic reticulum were shown in an inti

mate relationship with some peroxisomes. Again a lesser de

gree of damage was observed in the co-insult treated rats 

in the MMC only group. 

Light Microscopy of Lysosomes 

Tissue sections of the rat brain, liver and kidney 

were incubated in cytidylic acid (CMP), stained with lead 

citrate thereafter, and examined morphologically for the 

presence of lysosomes and their characteristics by light 

microscopy. 

Examinations of lysosomes in the nucleus arcuatus area 

of control rats (Fig. 7a) showed these organelles were uni

form in size and round or irregular in shape. There was a 

precipitate of lead in the membrane and the matrix was 

homogenous and usually stained very lightly. Tissues from 

}illC treated animals (Fig. 7b) revealed membrane rupture in 

the majority of lysosomes. These organelles were darkly 

stained and irregular in shape. Few were observed to be in 

an intact form, with most of the lysosomal area darkly 

stained by the acid phosphatase activity. As was the case 

for peroxisomes, the lysosomes were frequently observed to 

be in close association with the cisternae of the endo

plasmic reticulum. The co-insult of MMC and radiation 
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Figure 7 

Light micrographs of lysosomes in the nucleus arcu

atus of rat brain, incubated in CMP and stained with lead 

citrate. (7a) Control rats show many lysosomes (L) with 

lead precipitate in the lysosomal membrane. Lysosomes 

are homogenous in size and round (R) or irregular (IR) in 

shape. Note the uniform staining denisity of organelles. 

F, Fusion of lysosomes. X 2000. (7b) Lysosomes of MMC 

treated rats. Note damage to lysosomal membrane (D), 

illustrating possible action of MMC particles. C, Cis

terna of endoplasmic reticulum in intimate relationship 

with lysosomes (L). X 2000. (7c) Co-insult animals, re

veal damage of some lysosomal membrane (D). A, acid 

phosphatase activity in large area of the organelles; C, 

Cisternae of endoplasmic reticulum are clearly visible; 

I, Intact, undamaged lysosomes; F, Fusion of lysosomes; 

GP, Gap. X 2000. 
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treated rats (Fig. 7c) showed a smaller number of lysosomes 

to be disrupted and their membrane ruptured. Again acid 

phosphatase activity was shown as dark stain, covering a 

wide area of the lysosomes. Invaginations in a few lyse

somes were also observed, possibly indicating the location 

of action of MMC particles on the lysosomal membrane. 

Serial sections of liver tissues from control animals 

(Fig. 8a) exhibited normal lysosomes. In contrast, hydro

gen peroxide pretreated rats (Fig. 8b) revealed lysosomes 

of variable staining density, and irregular shape. Many of 

the lysosomes and those from 800 R whole body gamma irradi

ation treated rats (Fig. Be) appeared slightly larger in 

size, and some were more darkly stained than the control, 

possibly due to a greater activity of the acid phosphatase 

enzyme within their compartments. 

Liver tissue from methylmercuric chloride treated rats 

(Fig. 9a) showed, as previously observed in brain tissues, 

a similar pattern of disruption in the lysosomal membrane, 

revealing lysosomes as large and lumpy bodies. Some lyse

somes were in an intimate relationship with the cisternae of 

endoplasmic reticulum. Glycogen granules were observed in 

the area of the damaged organelles. Co-insult treated ani

mals (Fig. 9b) revealed rupture in the lysosomal membrane. 

A few large and lumpy bodies of lysosomes were observed. 

These organelles that were observed to be intact were 



49 

Figure 8 

Light micrographs of lysosomes from rat liver, incu

bated in CMP and stained with lead citrate. (8a) Control 

rats reveal intact lysosomes (L). F, Fusion of two or 

more lysosomes; G, Numerous granules; C, Cisterna of endo

plasmic reticulum. X 2000. (8b) Shows lysosomes (L) of 

hydrogen peroxide pretreated rats dense precipitate of 

lead citrate in the membrane. Note rupture of lysosomal 

membrane (D). F, Fusion of lysosomes; C, Cisterna of en

doplasmic reticulum; G, Glycogen granules. X 2000. (Be) 

Shows lysosomes (L) from animals treated with 800 R whole 

body gamma irradiation. D, Possible damage of lysosomes; 

F, Fusion of two lysosomes; C, Cisternae of endoplasmic 

reticulum; A, Acid phosphatase activity in the lysosomes; 

G, Glycogen granules. X 2000. 
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Figure 9 

Light micrographs of lysosomes from rat liver. (9a) 

Methylmercuric chloride treated rats show disruption of 

lysosomal membrane (D). Acid phosphatase activity covers 

large areas of the organelles (O) and in some includes 

the whole lysosome (L). In some cases several lysosomes 

appear fused and give a lumpy appearance (LP). C,. Cister

na of endoplasmic reticulum; G, Glycogen granules·~. 

X 2000. (9b) Lysosomes from co-insult of MMC and'\gannna 
"•. 

irradiated animals. Micrographs reveal membrane 'damage 
' . ~.~ 

(D) of some organelles. Many lysosomes fused together 

appeared as lumpy body (LP). F, Fusion of two lys·~osomes; 

I, Intact lysosomes; G, Glycogen granules. X 2000. 
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irregular in shape, and large areas of their compartment 

were shown as dark staining precipitate of lead citrate, 

indicating possible acid phosphatase activity. 

Kidney tissues of control rats (Fig. lOa) exhibited 

normal lysosomes as round structures with lead citrate 

precipitate in the lysosome membrane. Kidney tissues of 

hydrogen peroxide pretreated rats (Fig. lOb) revealed lyse

somes with acid phosphatase covering most of the lysosomal 

area; in some the. reaction of the enzyme was centrally lo

cated, appearing as a dark spot. Gamma irradiated animals 

(Fig. lOc) showed the majority of the lysosomes as darkly 

stained organelles, with membrane damage to some of them 

and possible invagination in others. Cisternae of the 

endoplasmic reticulum were observed in larger areas in this 

treatment than in the previous ones. Micrographs of lyse

somes in kidney from MMC treated rats (Fig. lla) revealed 

membrane damage of all lysosomes in the areas examined. 

Damage inflicted to these tissues by MMC particles followed 

the same pattern as observed in previously described tissues. 

Cisternae of endoplasmic reticulum were observed in an inti

mate relationship with the lysosomes which showed acid 

phosphatase activity to cover large areas of the lysosomes. 

In the co-insult treated rats (llb), MMC action was observed 

in a smaller number of lysosomes. Cisternae were not as 

clearly observed as in the MMC treatment, and a greater 
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Figure 10 

Light micrographs of lysosomes from kidney serial 

sections incubated in CMP and stained with lead citrate. 

(lOa) Control rats show characteristics of normal, un

disturbed lysosomes (L) as coarse opaque organelles, and 

the reaction of lead citrate with the lysosomal membrane. 

F, Fusion of lysosomes. X 2000. (lOb) Hydrogen peroxide 

pretreated rats reveal some lysosomes larger in size (LS) 

than others. C, Cisterna of endoplasmic reticulum in in

timate relationship to lysosomes (L). Numerous fusions 

of lysosomes (F). A, Acid phosphatase activity involves 

a wider area of organelles. X 2000. Animals treated 

with 800 R whole body gamma irradiation (lOc). Micro

graphs shows C, Cisterna of endoplasmic reticulum in 

intimate relationship to lysosomes (L); B, Budding lyse

somes; GP, Gap in lysosomal membrane; D, Damage to some 

lysosomal membrane. X 2000. 
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Figure 11 

Light micrographs of lysosomes in serial sections of 

rat kidney. (lla) MMC treated rats show damage to lyso

somal membrane (D), involving the entire observed section. 

C, Cisterna of endoplasmic reticulum in intimate relation

ship to lysosomes (L); Acid phosphatase activity covering 

large area of the lysosomes (L); G, Glycogen granules. 

X 2000. (llb) Co-insult of MMC and gamma irradiated 

animals, illustrating large number of damaged lysosomes 

(L), and rupture of their membrane (D). I, Intact lyse

somes; C, Cisterna of endoplasmic reticulum; G, Glycogen 

granules. X 2000. 
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number of glycogen granules were observed in this group. 

Serial sections of control rat brain, liver and kidney 

were incubated first in CMP to show lysosomes, and then in 

DAB medium to show peroxisomes in order to demonstrate the 

presence of both organelles in the same section. Figures 

12a and 12b illustrate these organelles in two different 

fields of the nucleus arcuatus of the brain. Micrographs of 

rat brain (Fig. 13a), liver (Fig. 13b), and kidney (Fig.l3c) 

sections of control groups, that were processed as above, 

then counterstained with haematoxylin also demonstrated 

peroxisomes and lysosomes in the same tissue section. The 

only noticeable difference between the two techniques was 

that more darkly stained organelles were evident after the 

latter treatment. 

ANALYSIS OF THE NUMBER OF PEROXISOMES AND LYSOSOMES 
IN RAT BRAIN, LIVER AND KIDNEY 

The total numbers of peroxisomes or lysosomes counted 

from the same tissue in the distilled water treated group of 

animals were more than those from the experimental groups; 

hydrogen peroxide, 800 R gamma irradiated, MMC or co-insult. 

Peroxisome-like Organelles of the Nucleus Arcuatus 

Counts of peroxisome-like (P-L) organelles in the 

nucleus arcuatus of the rat brain indicated a statistically 

significant decrease in the number of P-L organelles follow-

ing all of the treatments, as compared to those of the 

distilled water treated animals (Table IV). 
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Figure 12 

Light micrograph illustrating peroxisomes (P) and 

lysosomes (L) in the nucleus arcuatus of control rat 

brain. Figures 12a, 12b represent organelles from two 

different fields of the nucleus arcuatus. X 1260. 
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Figure 13 

Light micrograph of peroxisomes and lysosomes in 

serial sections of (13a) brain, (13b) liver, and (13c) 

kidney from control rats. All stained with lead citrate 

and counterstained with haematoxylin. Illustrating P, 

Peroxisomes; L, Lysosomes; G, Glycogen granules; ER, Rough 

endoplasmic reticulum. X 2000. 





Tissues 

Brain 

Liver 

Kidney 

TABLE IV 

Total numbers of peroxisome-like organelles, peroxisomes and lyse
somes per area counted* in various tissues of male rats. Each 
value is a mean of 10 serial sections + standard erroro 

Treatments 

800 R Co-Insult Distilled 
Hydrogen Gamma- MMC Gamma- Water 

Organelles I Peroxide Irradiation MMC Irradiation (Control) 

Peroxisome-
like I 136 + 3 119 + 4 90 + 3 120 + 4 168 + 7 a - a- - a - -
Peroxisomes I 123 a b + 2 13lb + 3 93 + 2 122 + 2 162 + 2 - a - -' 
Lysosomes 122 + 2 116 + 1 72 + 2 119 + 1 153 + 3 a - a- - a 

I Peroxisomes 135b + 2 119 + 4 89 + 5 120 a b + 4 162 + 3 - a- - -
' 

Lysosomes 119 + 2 112 + 1 89 + 4 117 + 2 145 + 3 a - a- - a 

I Peroxisomes 126 + 2 123 + 2 83 + 1 114 + 1 146 + 2 a - a- - - -
Lysosomes 100 + 3 103 + 2 61 + 2 101 + 2 116 + 1 a - a- - a 

* The area counted was 0.322 mm2 for peroxisome-like organelles and 0.02 mm2 for 
peroxisomes and lysosomes. a,b: Those values in the same row with the same sub
script do not differ at the 5% level of significance as determined by least 
significant differences (Goldstein, 1965). 
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The greatest decrease was observed in the MMC treated 

animals which had only 54% as many P-1 organelles as the 

control (Table V). The depression in numbers of P-L organ

elles in the hydrogen peroxide treated group was very 

similar to that observed in those treated with whole body 

gamma irradiation and the co-insult. The hydrogen peroxide 

treated group exhibited the least treatment effect, but was 

not significantly different from the two previously men

tioned groups. 

Peroxisomes of the Nucleus Arcuatus 

Serial sections of rat brain tissues incubated in DAB 

medium and stained with lead citrate showed no significant 

difference at the 5% level of significance in the total num

bers of peroxisomes from animals treated with whole body 

gamma irradiation (Table IV). The decrease in the total 

number of peroxisomes was greater in the co-insult treated 

animals than in the irradiated groups. The most obvious 

effect was a decrease in the total number of peroxisomes in 

rats treated with MMC. They had an average of 93 + 10 

2 peroxisomes per 0.02 mm ~ 

Peroxisomes of Rat Liver 

Total counts of peroxisome number in liver tissues of 

gamma irradiated animals and those treated with co-insults 

of ~1C and gamma irradiation showed similar decreases 

(Table IV). The hydrogen peroxide treated rats revealed 
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TABLE V 

Total number of peroxisomes and 1ysosomes of various 

tissue of male rats, expressed as percentage of control 

value. 

Treatments 
Hydro- 800 R Co-insult 
gen Gamma- MMC-Gamma-
Per- Irradi- Irradi-

Tissues . Organelles oxide at ion MMC at ion .... 

Brain Peroxisome- 81 71 54 71 
like 

Peroxisomes 79 81 57 75 

Lysosomes 80 76 47 78 

Liver Peroxisomes 83 73 55 74 

Lysosomes 82 77 61 81 

Kidney Peroxisomes 86 84 57 78 

Lysosomes 86 89 53 87 
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the least treatment effects, these had 83% as many peroxi

somes as the controls (Table V). Meanwhile the effect was 

clearly observed in the MMC treated group with 55% as many 

peroxisomes as the control. 

Peroxisomes of the Rat Kidney 

Counts of peroxisomes from 10 serial sections of rat 

kidney indicated a statistically significant decrease in 

the number of peroxisomes in all groups following treat

ments, as compared to the control animals. The greatest 

effect was shown in the MMC treated group, which had only 

57% as many peroxisomes as the control (Table V). The 

hydrogen peroxide group and the gamma irradiated one showed 

approximately similar depressions, while the co-insult group 

had a smaller decrease, therefore was significantly dif

ferent from the two previously mentioned groups. 

Lysosomes of the Nucleus Arcuatus 

Quantitative counts of lysosomes in the nucleus arcu

atus of rat brain incubated in CMP medium and stained with 

lead citrate, indicated a statistically significant numer

ical decrease in the number of lysosomes following all of 

the treatments when compared to the control rats (Table IV). 

The greatest effect was observed in the MMC treated animals 

who had only 47% as many lysosomes as the control. The 

hydrogen peroxide treated, gamma irradiated, and co-insult 

groups exhibited the least treatment effect, with little 



difference among groups. 

Lysosomes of the Rat Liver 
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Serial sections of rat liver were examined for the 

presence of lysosomal organelles. The number of lysosomes 

in animals treated with hydrogen peroxide, ·gamma irradi

ation, and co-insult of MJ:v1C and radiation were not statisti-

cally significantly different (Table IV). Animals treated 

with MMC showed the greatest depression and had only 61% as 

many lysosomes as the control group (Table V). 

Lysosomes of Rat Kidney 

Total number of lysosomes counted from serial sections 

of kidney tissues indicated a very similar depression in 

animals treated with hydrogen peroxide, gamma irradiation, 

and co-insult of MMC and radiation. As was the case with 

the nucleus arcuatus and the liver, the major effect was 

more pronounced in the MMC treated animal, with only 53% 

as many kidney lysosomes as the control. 

The Effect of Hydrogen Peroxide Pretreatment 
on Gamma Irradiation Induced Mortality 

Lethality Experiments 

None of the larger adult male rats treated in Experi

ment 1 died during the experimental 30 day period (Table 

VI). 

The results obtained on the 90 day-old rats are pre

sented in Table VII and Figure 14. A careful examination 
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TABLE VI 

Percent survival of hydrogen peroxide or distilled 

water pretreated 170-day-old large mature rats 30 days 

after exposure to gamma irradiation. 

Group No. of Garmna- Percent 
No. Animals ·Pretreatment-;'<' irradiation-;'d( Survival 

I. 5 1. 0 ml HzOz 775 R 100 

II. 5 1. 4 ml HzOz 775 R 100 

III. 5 1.8 ml Hzoz 775 R 100 

IV. 5 1.8 ml HzO 775 R 100 

v. 5 1. 8 ml. H2o2 0 100 

VI. 5 1.8 ml HzO 0 100 

* One intraperitoneal injection a day per animal for 5 
days. 

** Irradiation or sham irradiation administered 48 hours 
after the last injection. 
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TABLE VII 

Percent survival of hydrogen peroxide or distilled 

water pretreated 90-day-old male rats 30 days after ex-

posure to 60co gamma irradiation. 

Gamma-
Group No. of irradiation Percent 

No. Animals Pretreatment·-k Treatment*~\- Survival 

I. 10 1.0 ml H202 775 R 40 

II. 10 1.4 ml H202 775 R 20 

III. 10 1.8 ml H202 775 R 20 

IV. 10 1.8 ml H20 775 R 40 

v. 10 1.8 ml H202 0 100 

VI. 10 1.8 ml H20 0 100 

*One intraperitoneal injection a day per animal for 5 
days. 

**Irradiation or sham-irradiation administered 48 hours 
after the last injection. 
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Figure 14 

Daily mortality presented as percent dead for 90-day

old adult rats during 30 days after hydrogen peroxide or 

distilled water pretreatments followed by 775 R of 60c0 

gamma irradiation. Pretreatment consisted of one daily 

intraperitoneal injection for 5 days.: irradiation was ad

ministered 48 hours after the last injection. Each group 

included 10 rats. 
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of the data revealed no significant differences between 

replicates within groups. In group I (1. 0 ml of 1. 5% hydro..:.· 

gen peroxide pretreated), 60% of the experimental animals 

died during the observation period; all deaths occurred by 

day 21 after exposure to gamma irradiation. In group II 

(1.4 ml of 1.5% hydrogen peroxide pretreated), 80% died 

during the first 19 days after exposure to gamma irradi-

ation. In group III (1.8 ml of 1.5% hydrogen peroxide pre

treated), 80% of the animals died within 22 days after they 

have been irradiated. In group IV (1.8 ml of distilled 

water pretreated), death occurred in 60% of the animals 

during 23 days after exposure to gamma irradiation. 

The percentage survival in these groups was not signifi-

cantly different (Table VII) and the pattern of death was 

quite similar (Fig. 14); although death occurred earlier in 

the peroxide treated groups. Therefore, the hydrogen 

peroxide pretreatment did not provide protection against the 

lethal effects of the acute gamma irradiation. In groups 

V and VI (pretreated with 1.8 ml of 1.5% hydrogen or 1.8 ml 

distilled water, respectively, and sham irradiated), none 

of the animals died during the observation period of 30 

days. 



DISCUSSION AND CONCLUSIONS 

The current study is an extension of the work of Earhart 

(1975), who reported that hydrogen peroxide pretreatment pro

tected against MMC toxicity. He also demonstrated an increase 

in the number of peroxisome-like (P-L) organelles in the nu

cleus arcuatus of rat brain following hydrogen peroxid~ pre

treatment and postulated that the effect might be due to the 

proliferation of these organelles in the brain elicited by 

the effects of the radiation, which in turn protected· against 

methylmercuric chloride toxicity. This research was con

ducted to provide evidence for Earhart's hypothesis. There~ 

sults of this research will be discussed in relation to:the 

hypothesized protective mechanism afforded by p...:L organelles, 

and the possible involvement of peroxisomes and lysosomes in 

this mechanism. 

P-L Organelles of the Nucleus Arcuatus 

The greatest effect on numbers and morphology of P-L 

organelles was observed in the !'<fMC treated group. Since this 

peroxisome system has been described to be rich in thiol and 

disulfide groups (Noda, 1959; Srebro, 1970; Srebro and 

Cichocki, 1971) :MMC would be expected to have a greater·af

finity for the membranes of these organelles. The MMC was 

observed to cause the membranes to rupture (Fig. lb, lc) and 

possibly to release their contents of peroxidases, catalases, 

and/ or their r~nd-product such as hydrogen peroxide. 

66 
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In the gamma radiation treated groups the important 

sulfhydryl bearing target molecules were damaged. No matter 

where these molecules were hit, the damage possibly migrated 

to the thiol groups, breaking their bonds and therefore caus

ing some conformational changes in their structure, with an 

end-result of membrane damage (Srebro, 1970). Accordingly, 

if the molecules are attacked by radicals, it is primarily 

the sulfhydryl groups of the target molecules that are 

attacked. 

In contrast with the increase in number of P-L organelles 

following hydrogen peroxide treatment observed by Earhart 

(1975) a reduction was observed in this study. Since the area 

measured in this study was greater than that measured by 

Earhart (1975), the counts obtained by Earhart were adjusted 

by multiplying by the ratio of the two areas in order to corn

pare results. The total number of P-L organelles per unit 

area in control rats was less than that observed by Earhart. 

While Earhart observed a significant 32% increase in the num

ber of P-L organelles due to hydrogen pretreatment and not a 

statistically significant 18% increase 7 days after 800 R 

whole body gamma radiation, a similar regime of hydrogen per

oxide pretreatment or 800 R whole body gamma radiation 48 

hours before sacrifice significantly decreased the number of 

organelles in the present study. These data tend to disagree 

with the work of Srebro (1969), who also observed a consider

able increase in the number of chrome haernatoxylin positive 
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periventricular glial cells on the 7th day post-irradiation 

per unit area (0.160 mm2) of the nucleus arcuatus in 800 R 

whole body X-irradiated rats. · 

The reasons for the discrepancy between the results of 

Earhart (1975) and this study with regard to hydrogen 

peroxide pretreatment are not readily apparent, but may be 

due in part to the small sample size of 4 or 5 animals used 

by Earhart. Since the radiation only animals in this study 

were killed only 48 hours after treatment, to coincide with 

the co-insult group, damage that was apparent in this study 

may have been repaired and compensatory proliferation of 

the organelles may have occurred by 7 days, when the obser

vations of Srebro (1969) and Earhart (1975) were made. 

In this study, the co-insult of }lliC and gamma radi

ation produced the same reduction in the number of organ

elles as radiation alone, which was less than the reduction 

caused by MMC alone (Table IV). In the co-insult group, 

the effects of radiation on the P-1 organelles sensitized 

by the ~1C treatment could have stimulated proliferation of 

the organelles, so that the damage seen 48 hours after radi

ation was not as great as that following MMC alone. How

ever, sensitization by the MMC treatment was necessary 

since radiation alone reduced the number of organelles. 

Peroxisomes and Lysosomes of the Brain, Liver and Kidney 

These experiments to examine quantitatively the peroxi~ 

somes and lysosomes have revealed that all insults decreased 
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the number of these organelles. Histochemical analysis and 

morphological observations permitted further assessment of 

the pathologic spectrum and histochemical response of these 

organelles to be discussed in succeeding sections. 

Peroxisomes of Various Tissues Examined 

Peroxisomes induction expected by hydrogen peroxide 

pretreatment proposed by Earhart (1975), was not evident in 

the present study. Statistically significant reductions in 

the number of peroxisomes in the brain, liver and kidney 

were recorded from serial sections of hydrogen peroxide pre

treated rats. This was possibly due to the poisonous nature 

of hydrogen peroxide in high concentrations. Peroxisomes 

have been shown to contain catalase and a variety of hydro

gen peroxide-producing oxidase (De Duve and Baudhuin, 1966) 

capable of destruction of hydrogen peroxide. Hydrogen 

peroxide is decomposed by the enzyme catalase that is found 

in peroxisomes and in almost all living things. The follow

ing is a possible mechanism of action of hydrogen peroxide 

on peroxisomes: 

HzOz Catalase > HOz + H" 

H" + HzOz > OH" + HzO . 
Damage OH + Peroxi-

> somal Organ-
elle 

The above mechanism indicates that a greater number of OH" 

radicals are produced. As a result of the indirect action 
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of these radicals on the larger molecules in the cell, 

morphological ·damage to these organelles and resulting eel-

lular damage was observed. 

Animals treated with 800 R gamma irradiation also ex-

hibited a significant reduction in the number of peroxisomes 

when compared to the control group. Light photomicrographs 

showed that some organelles were larger than others. Some 

were ellipsoid in shape, a phenomena not observed in control 

tissue; there was some variability in the matrix homogeneity. 

Since water constitutes approximately 65% of the body weight, 

it is feasible to propose the following mechanism of action 

of gamma irradiation; 

Gamma 
irradiation 
-------------> eaq (solvated electron 

in H2 0) , H • , OH • , 
H

2
o

2
, H

2 
, H

3
0 

(Farahataziz, personal 
communication). 

-------------> OH• + OH 

OH· + Peroxi
somal Organelle ----------> Damage 

As in the previous proposed mechanism of hydrogen peroxide 

induced damage, OH· were produced in greater number, thus 

causing possibly similar damage to peroxisomes from this 

treatment regime. If, however, other molecules are present in 

the water which are capable of reacting with the free radicals 

H· and OH· , competition will exist for these radicals 
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between the reacting material and the molecular products. 

Accordingly, the HzOz formed may not be destroyed, and thus 

undergoes further destructive reactions with the molecules of 

the cell. 

Methylmercuric chloride action on peroxisomal organelles 

was clearly illustrated by a statistically significant de

crease in the number of organelles and by histological, exam

inations of organelles of the various tissues, which showed 

damage of the entire organelles, and, in some, rupture of 

their membrane. De Duve (1965), suggested that mercury 

particles interact with membrane thiol groups, and that a 

critical number of ligands cross-linked, thereby disrupting 

membrane continguity with resultant increased permeability. 

Moreover, difference in individual peroxisome responses can 

be attributed to morphological and biochemical parameters 

that may determine the relative availability of thiol groups. 

Rats treated with the co-insult of MMC and 800 R gamma 

irradiation revealed the disruptive action of MMC in some of 

the peroxisomes, which possibly followed the same pattern of 

action as observed in the single insult treatment. The d~mage 

was indicated to the whole organelle or by rupture of their 

membrane, and in other instances invagination of some ,of 

these organelles was observed. The majority remained intact 

which was possibly due to the appartent induction of a pro

tective mechanism against MMC destructive action. At some 
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point in this mechanism, binding of the mercurial particles 

to the thiol_ or sulfhydryl groups to the membranes of a major

ity of the organelles was prevented or reduced by direct 

and/or ind-irect effects of the ionizing radiation. The dam

age was also indicated by a decreased number of peroxisomes. 

The total numbers of these organelles counted were approx

imately similar to those for the hydrogen peroxide and gamma 

irradiated animals. These results support the argument that 

whole body gamma irradiation has afforded some protection 

against MNC toxicity, indicating a neutralization pattern in 

which the ionizing radiation effect appeared to override the 

toxic effect of MMC (Hupp et al., 1974, 1977). The mechanism 

is considered to be related to that of the single insult of 

gamma irradiation mentioned in earlier sections. 

Disposal Mechanisms of Peroxisomes 

Peroxisomal organelles damaged during treatment can be 

disposed of by at least one of the following ways. The first 

process is considered to be autophagic by nature; whereas, 

the second one is described as consisting of a "dissolution" 

or "atrophy" of individual peroxisomal organelles \vithin the 

cytoplasmic matrix, without the involvement of sequestering 

membranes (Danpure and Taylor, 1974). A third process is 

described as proceeding by means of a retraction of peroxi

somal organelles contents within the smooth endoplasmic retic

ulum (SER) compartment (Moody and Reddy, 1976); it is con

ceivable that the latter two processes are morphologically 
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interconnected. Histochemical procedures used in this study 

showed peroxisomal damage as a result of the }fMC single in

sult and to a limited extent to the co-insult treatment. 

Lysosomes of Various Tissues Examined 

The total number of lysosomes in control rats was 

greater than that in any of the insult groups. Histological 

examination did not reveal any of the damage that was ob

served in the other groups. 

Hydrogen peroxide pretreatment produced damaging 

effects on the lysosomes as indicated quantitatively by a 

decreased number of these organelles, and histologically by 

rupture of their membranes. It is possible that under 

other circumstances, a proliferative activity might result 

as a protective response mechanism to the initial damage 

caused by the peroxide. A similar decrease in the number of 

lysosomes was also observed in rats treated with whole body 

gamma irradiation. In the present study, the lysosomal 

changes found after this insult could lead to tissue damage, 

in possibly one or a combination of three ways: First, the 

radiation may directly damage or alter the lysosomes, which 

release acid hydrolases into the cytoplasm and possibly de

stroy parts of the cell; second, the ionizing radiation 

may damage both the lysosome and other parts of the cell 

simultaneously but independently; and third, the radiation 

may indirectly effect the lysosomes and directly damage other 
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parts of the cell, for example, a damaged nucleus may cause 

subsequent changes that are injurious to the lysosomes. 

Ionizing radiation has been shown to initiate radical 

chains in preparations of polyunsaturated fatty acids 

(Head, 1952). This type of initiation can take place in 

natural membranes and has been shown by Wills and Wilkinson 

(1966), who found that disruption of the lysosomal membrane 

\vith subsequent release of lysosomal enzymes could be 

brought about by radiation and other conditions leading to 

peroxide formation. In this study sublethal concentration 

and doses of the various agents were applied which could 

have initiated radical chain reactions in membrane lipids, 

and indirectly or directly resulted in damages to the lyse

somes as cited earlier (Wills and Wilkinson, 1966). Meyer 

and Dannenberg (1970) have suggested that lysosomal enzyme 

changes after irradiation might be due to alteration in 

tissue composition in the tissue involved. In the liver 

this may be due to increased numbers of Kupffer cells, 

which may engulf and digest cells which have been damaged or 

killed by the radiation. 

The effects of the deposition of MMC on lysosomes of 

the various tissues examined, in both the single insult and 

co-insult treatments, 'tvere detected from decreased numbers 

of organelles and from morphologically observable lysosomal 

damage in the form of membrane disruption or total 
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destruction. The damage was greater with the single insult, 

but MMC in both kinds of insults resulted in the leakage of 

acid hydrolases into the cytosol of the cell. 

Mechanisms of Hydrolases Release from Lysosomes 

Several mechanisms for the release of hydrolases from 

lysosomes have been proposed. Some workers suggested that 

labilization of the lysosomal membrane may result from di

rect attack of lipid peroxides on the membrane (Wills and 

Wilkinson, 1966). Others postulate that the permeability 

of lysosomal membranes following irradiation may be regu

lated by hormones (Rahman, 1963) or by mediators released 

from radio-sensitive lymphocytes (Aikman and Wills, 1974a). 

If lysosomal membrane permeability is controlled indirectly 

by the action of a particular hormone or other mediators 

following irradiation, it may be possible to correlate the 

changes in the lysosome number and/or morphology seen in 

this investigation with corresponding changes in tissues of 

a particular mediator post-irradiation. Such a conclusion 

would provide support for the concept of mediated control of 

lysosomal enzyme release following radiation exposure. Last, 

if the escape of hydrolases from radiation-damaged lysosomes 

is dose dependent, which may be the case since damage was in

dicated in a decreased number of peroxisomes and lysosomes 

in all treatments and morphologically observed very often 

in the single insult of MMC, it may be possible to use these 
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enzymes as biological indicators of radiation injury in an 

appropriate assay system. 

Comparison of Peroxisomal and Lysosomal Counts in the 
Three Tissues Examined 

Based on the percentage reduction from control values 

of the number of peroxisomes (Table V), it is concluded that 

a greater damage was produced in liver tissues in the 800 R 

whole body gamma irradiated rats than in brain and kidney 

tissues of the liver and brain was observed for the other 

treatments. Except for the MMC treatment, generally the 

damage to kidney tissue, as expressed by reduction in the 

number of peroxisomes, was less than in brain and liver 

tissue. 

It appears logical to assume from the results (Table 

V). that there is a similar amount of damage caused to lyse

somes in the brain by hydrogen peroxide, gamma irradiation, 

and co-insult treatments as far as the percentage reduction 

in number of these organelles are concerned. The same is 

true in kidney and liver tissues. The amount of damage to 

lysosomes caused by MMC was greater than for the other 

agents. The amount of MMC induced lysosomal damage in the 

brain and kidney was similar and was somewhat more than 

that observed in the liver (Table V). 

The Effect of Hydrogen Peroxide Pretreatment 
on Gamma Irradiation-Induced Mortality 

The hydrogen peroxide pretreatment used in this 
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mortality study was based upon evidence given in the litera

ture that radiation-induced peroxides are responsible for 

the secondary effects of ionizing radiation (Srebro, 1969) 

and findings that protection was afforded by hydrogen perox

ide pretreatment (Earhart, 1975). 

The 100% survival response obtained in the preliminary 

study with large mature male rats (Table VI) was not ex

pected. Since these rats were approximately 170 days old 

and weighed from 415 to 505 g, an age and/or size factor 

appeared to be involved in affording greater radioresis

tance to these large old rats, rather than the possible pro

tection from hydrogen per9xide pretreatment since 100% 

survival occurred in rats not pretreated with hydrogen per

oxide. 

To investigate further the results obtained in the pre

liminary study another lethality experiment was conducted 

using two replicates of 30 mature 90 day old male rats, 

weighing from 250 to 300 g (Table VII). Results obtained 

from these experiments showed 60% to 80% mortality among 

hydrogen peroxide pretreated rats; while distilled water 

treated rats showed 60% morta1ity. Based upon these results 

the following conclusions were drawn. 

1. Differences in the amo.~nt of hydrogen peroxide in the co

insult treatment (H2o2 and gamma irradiation) did not 
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produce any significant differences in survival. 

2. Although· survival of rats treated with distilled water 

(control) was 13% better than the mean of all hydrogen 

peroxide treated rats, the difference was not statis

tically significant (0.1< p <0.05). 

3. Radiation induced death occurred earlier ·in the hydrogen 

peroxide treated rats, with a greater effect observed in 

the two groups receiving the higher doses of hydrogen 

peroxide pretreatment (Fig. 14). 

Correlation of Histological and Mortality Studies 

The attempt to correlate the histological study, which 

comprised recording the total number of peroxisomes and lyse

somes, and by morphological observations of these organ

elles in the brain, liver and kidney of rats, to that of 

the radiation induced mortality rate of hydrogen peroxide 

treated animals yielded useful conclusions. The histolog

ical study provided conclusive evidence that hydrogen 

peroxide pretreatment did not cause a proliferative response 

or increase in the numbers of peroxisomes and/or lysosomes 

as previously was reported by Earhart (1975). Hydrogen 

peroxide did not protect against lethality in the whole body 

gamma irradiation study, a slightly greater death rate was 

observed in rats pretreated with hydrogen peroxide, than 

those with distilled water. The reduced number of peroxi

somes and lysosomes might reduce the defense capability of 
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the cells, rather than provide protection. With a reduced 

number of these organelles, the cell would be more suscep

tible to damage caused by the peroxides produced as an in

di~ect effect of radiation, as described earlier in this 

discussion. This is consistent with failure of hydrogen 

pe~oxide pretreatment to protect against radiation induced 

mortality. The earlier time of death and the slightly 

greater mortality of rats treated with peroxide and radi

ation indicated that the pretreatment reduced the radiore

sistance 6£ the animals. 



SUMMARY 

The first part of the investigation reported in this 

dissertation was a histochemical study conducted to deter

mine the effect of several agents on the number of peroxi

some-like organelles in the nucleus arcuatus of the bra.in 

and the number of peroxisomes and lysosomes in the nucleus 

arcuatus of rat brain, liver and kidney. Serial sections, 

7 micrometers thick, of the brain tissues were stained to 

show P-1 organelles. Other sections of the brain, liver 

and kidney were incubated in diaminobenzidine medium and 

stained with lead citrate to show peroxisomes while other 

sections were incubated in cytidine monophosphoric acid and 

stained in lead citrate to show lysosomes. A counterstain 

of haematoxylin was also used to help differentiate peroxi

somes from lysosomes in tissue sections treated to show 

both organelles. 

Histochemical analyses and morphological observations 

revealed a significantly greater total number of the three 

organelles in all three tissues examined in animals treated 

with distilled water than in any of the other treatments. 

The largest decrease in the number of organelles was in ani

mals treated with methylmercuric chloride. The possible 

proliferation of P-L organelles and the high number of these 

organelles in the nucleus arcuatus reported by Earhart (1975) 

80 
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was not observed. A reduction in the toxic effects of MMC 

produced by whole body gamma radiation was demonstrated. In 

animals treated with MMC, histological examination of the 

tissues showed a similar pattern of effect in all three: 

rupture of organellar membrane and total destruction of some 

organelles. The same effect was observed, but to a lesser 

extent, in the MMC and grumna irradiation co-insult group. 

The second part of the investigation was a lethality 

study designed to explore the hypothesis that hydrogen perox

ide pretreatment provides protection against gamma irradiation. 

A total of 60 mature male rats were used in the study. 

Animals were divided randomly into five groups. The experi

mental Groups I, II, and III, received five doses of. 1.0, 

1.4, or 1.8 ml of 1.5% hydrogen peroxide, respectively. 

Group IV received 5 doses of distilled water and all received 

775 R gamma irradiation. Group V, and VI received five 

doses of 1.8 ml hydrogen peroxide and 1.8 ml distilled 

water, respectively and sham radiations. Deaths were re

corded during a 30 day period. Results revealed 60% - 80% 

mortality among irradiated rats pretreated with hydrogen 

peroxide, while 60% mortality was obtained in irradiated 

animals pretreated with distilled water. Deaths occurred 

earlier in the hydrogen peroxide than in the distilled 

water treated animals. Therefore, it was concluded that 
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hyd~ogen peroxide pretreatme~t did not afford protection 

against 775 R whole body 60co gamma irradiation under the 

conditions of this study. 
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