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ABSTRACT 

Afte r the determination of the 96-hnur LC,u o f lead o n o ne -month-old Orcochrnmis 

niloums, the fish \\>ere cxp<l!iC<l to sublethal conccntmtion of 8 mg<;/L lead for 30 days. 
"Inc hea rt of juvcmlc 0. niloticus, dividcu into fou r regions- bulbus a rteriosus, \ocn­

triclc , atrium a nd sinus venos us, has a wall of thr ee t issue layers - endocardium, 
myocardium a nd epicardium. Comparing the heart of the control and th at of t he t rea ted 
fish. the his toarchitccturc shO\\<s few changes afte r lead tre~tmcn\. There is s light degen­
eration in the muscle Jlbers m the myocardium. 

This study sho"s that lethality in chronirally stressed juvenile 0. niloticus expasca 
to suhlcthallcad for one month is not probably due to heart defect. 

Introduction 

T here is worldwide concern over the impact of environmental pollutants on 
health and environment. These pollutants have in time progressed to take various 
fonns such as smog toxic chemicals, mutagens and deposition products, radiation, 
etc.- and seeped through the air, water and soi~ and undermined the biota - resulting 
in an imbalance in the normal activity of the ecosystem. 

Heavy metal~ enter the environment via a variety of routes by (1) surface run­
ofl from min and (2) waste di<;chaq,rc from sewerage and industrial plants (59). 

Industr ial effluents discharged into aquatic ecosystem have creatcd prob­
lems in water pollution. Heavy metal<; arc among the chemicals present in the 
effluent that contribute to the problem. Of these heavy metals, lead is the most 
abundant. 

Lead has been recognized as a highly toxic cumulative element in man and 
animals. In industrialized nations during recent years, long-time exposure of ani-
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mals to air-borne lead has been recognized as a health ha7.ard. It has been found to 
have adverse effects on biochemical and histological conditions (60). 

Lead is included in a range of elements which have been called "heavy metals" 
and "trace metals" alternatively. As part of these trace metals, they enter the ocean 
and other waters "s a result of natural processes and human activities via rivers, land 

run-off, dumping, the atmosphere and the sea bed. Major natural sources are weather­
ing, degrassing, releases from terrestrial and submarine volcanoes and dissolution of 
marine sediments. The dominant inputs for most trace metals arc through river and 
land run-off but for a few elements, such as lead and mercury, the atmospheric route 
is also significant especially in the open ocean. Many industries release trace metals 
which reach the sea through a variety of routes. Generally, trace metals are dis­
charged together with other wastes, such as sewage detergents and other inorganics. 
Interaction with these wastes and various components of the sea water alters the 
original physico-chemical forms of these trace metals. Lead in soluble ion is both 
mobile and toxic. 

It has been established that plants and animals require a variety of elements 
for their growth and development; however, lead is not one of these. Humans 
have no way of alienating themselves from these unwanted lead. They are constantly 
exposed to various forms of products which contain lead. It is present in can solders, 
in lead sheets used in walls of buildings, in nuclear reactor shielding, in radioactive 
material containers, in leaded interior paints, in lead shots or ammunition used by 
duck-hunters, in lead arsenate sprays used in insecticides, and in tobaccos. Its oxides 
are used in making glass, vitreous enamels in dyes, insecticides and in vulcanizing 
rubber. It may be used in roofings, water pipes and telephone and telegraph cables. Of 
course, a great quantity of lead is released by industrial lead smelters and by automo­
biles, which use lead as an anti-knock additive in gasoline. There seems to be no 
escape from lead exposure. 

The effects of heavy metals should not be studied only in terms of acute 
toxicity, but also insofar as they affect natural life processes at sublethal levels, just 
like in this study; as such, levels arc commonly encountered in polluted water 
(62). Sublethal effects of a toxicant have been defined as long-term biological 
effects on organisms as a result of some manmade changes in the environment 
which may not necessarily cause death but whose effects may cause some altera­
tion of biological process(es) which would lead to the inability of the organism or 
t11eir offspring to function normally. Such changes could be the prevention of feeding, 
a change in behavior which could block some physiological processes, inhibition of 
reproduction, or the alteration of the ecosystem in such a way that the organism could 
no longer live there (37, 43, 53, 75). 

Lead LC50 value in fishes differs between species. The reported 96-hour LC50 
value ranges from less than seven to about 19 mgs/L lead nitrate (63, 64, 71 ). Lead­
induced toxicity of fishes is more severe in chronic treatment than in acute treatment 
(64, 63). Sensitivity offish to lead toxicity has been shown to be affected by age: egg 
and larval stages being more sensitive than the fingerling stage (32). Furthermore, 



1/errPm . Cardiar Stmcture in 0. niloticu ~ 295 

lead e:\.-posurc characterized by wide fluctuations causes greater lead uptake by fishes 
than the equivalent exposure wilh less variability (33). 

Several studies have been done to assess the histophysiological effects on 
the development of organs of animals, especially vertebrates. 

Lead was found to have deleterious effects on the reproductive organs, 
causing decrease in reproductive potential ( 13, 21, 41, 48, 52, 56). Kumar and Pant 
( 1984) showed dilatation in the testicular blood capillaries with necrosis and disin­
tegration of the semcniferous tubules and atresia in the ovary as a result of lead 
exposure in the fish, Puntius clwnclwnius. This suggests direct action of lead on 
the gonads of teleost. Renal lesions had also been observed as the primary stress 
response of the kidney to lead toxicity (4, 8, 15, 18, 30, 36, 44, 60). 

On hemopoeitic organs, the following reported destructive effects of lead 
such as decrease in cell values due to cell death (21, 39, 44, 66, 67, 74). 

A research study (35) on primary cultured astrocytes and cerebellar granu­
lar neurons of rats using transmission electron microscopy showed that lead is 
concentrated in nuclear, cy1oplasmic and lysosomal inclusions of astrocytes, while 
the neurons showed lead densities only in the lysosomcs. With acute lead ex'])Osure, 
inhibition of maximum respiratory capacity was greater and occurred in lower lead 
concentration in nuerons than in astrocytes. Similarly, rates were inhibited at lower 
lead concentration from an eight-day-old pup compared to those of adults. These 
proved that the in vitro system exhibited responses to lead. In both cases inhibition of 
energy metabolism is associated with cell damage. They proposed that the capacity 
of the astrocytcs to sequester lead in non-mitochondrial intracellular sites may be 
critical in the resistance to lead in the mature brain. 

Other pathological changes have been reported by several workers (50, 54, 
55, 58, 70). Renal biopsies from workers who had been chronically exposed to 
lead showed three types of changes found in the nuclei : (l) lead-induced bodies, 
(2) clumped granular chromatin and (3) pscudoinclusion or nuclear invagination 
of cytoplasmic content. Mitochondria in tubular lining cells showed some degree 
of swelling and distortion of cristae. Endoplasmic reticulum was swollen and in 
some cells increased in amount. Lysosomes were numerous and contained dense 
bodies of varying sizes (21). 

Similar destructive effects in several species are reported by some authors 
(39, 54, 52, 56, 73, 75). Renal atrophy is the common observation. 

Fish gill structural changes induced by heavy metals have been studied 
intensively (10, 16, 17, 41). Frequently recorded histopathological lesions include 
changes in gill epithcliwn (lifting, hyperplasia. hypertrophy, rupture) , bulbing or fu­
sion of gill lamellae, hypersecretion and proliferation of mucocytes and changes in 
chloride cells and gill vasculature (48, 51 , 52 , 56). 

The digestive system has been studied and analyzed in several studies (4, 
ll, 22, 26, 28). All other organ systems have been analyzed and among the most 
significant arc studies by various histologists (46, 42, 66, 69, 70). In bone metaphyses, 
multinucleate cells are abundant. 
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Related lead-induced physiological alterations have been reported. Protein 
metabolism in fishes is altered by lead exposure. This has been demonstrated by 
earlier studies of lc.ad toxicity. Sasty and Gupta (1979) reported inhibition in the 
activities of these peptidase (aminopeptidase, glycyl-glycine and leucyl-1-glyci nc 

dipeptidases) in the diges1ive system of fish Channa prmccatus. In the sa rile year, 
lead-induced reduction in glycogen content in liver, kidney, and brain of fishes 
was demonstrated (68). 

Most often, lead causes significant inhibition of enzyme in the target tissue. 
Most documented of these enzyme inhibitions is that of delta-aminolcvulinic acid 
dehydratase (delta ALAD) (14, 31, 43, 46, 47). Lead is known to inhibit hemoglobin 
biosynthesis and shorten the survival of red blood cells. This is because lead 
strongly inhibits the activity of ALAD , thereby, blocking the formation of 
porphobilinogen from amino-levulinic acid (74). In fishes. the sensitivity of ALAD 
to lead poisoning has been demonstrated in the erythrocyte, spleen and renal 
tissue ofrainbO\v trout, Salmo gairdneri (38, 29, 14, 43, 12, 28). 

An earlier study has shown that alkaline phosphatase, a key enzyme in the 
reabsorption of glucose from renal tubules in kidney of the freshwater fish, 
fieteropneustus.fossilis, is inhibited by lead (63). This demonstrates an adverse effect 
on glucose reabsorption and transphosphorylation. Several workers have also shown 
changes in the choles1crollevels in tissue of fishes exposed to toxic levels of lead. 
Lately. one study (39) reported a decrease in the cholesterol level in the brain, testis 
and ovary while the liver showed an elevation in both cholesterol and lipid levels in 
the teleost C/arias bat rachus e~posed to toxic levels of lead. Howe\'er, a more recent 
study (74) revealed a decrease in cholesterol in blood and tissues of BadJtiS cone/linus 
when subjected to the same toxicant. Since cholesterol is an important constituent of 
the cell membranes and a precursor of steroid hormones, lead-induced changes on this 
material may be related to either a disruption of plasma membranes and/or altered 
steroidogenesis (72). 

More recent studies on lead-induced physiological <!Iterations include altered 
immunological response ~.;pecilically reduced humoral antibody titer (56, 55, 42, 43. 
<W). 

In this study, the effects of chronic lead treatment on cardiac structure of 
Oreochromis niloticus is assessed. This is the first study on the effect o( lead on 
cardiac histology in this species. 

Mat~rial.s :md M~thods 

Oreochrrmtis niloticus were procured from the Bureau of Fisheries and 
Aquatic Resources, Tanay, Rizal. The juvenile Oreochromis were allowed to 
acclimate for one week before treatment. 

LC50 was first determined to get the sublethal level for chronic treatment 
Experiments were done in glass aquaria for 8 mgs. L· and a control. Water was 
changed every two days. Test specimens were harvested on the thirtieth day. 
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Organs were dissected out and immediately fixed in glutaraldehyde in phos­
phate bufJcr, pH 7.2, followed by post fixation in 1% osmium tetroxide, the samples 
were dehydmted in ethanol and propylene oxide, embedded in Araldit, sectioned l -2 u 

thick with ultatomc, stained with 1% toluidine blue, lead citrate and uranyl acetate 
and examined under light and electron microscope. 

Results and Disclt~ion 

Figure 1 shows a diagram of the sagittal section of the heart of 0. niluticus. 
Figure 2, the control bulbus ancriosus, is composed of clastic connectiYe tissue 
and muscle fibers. The thin epicardium covers the thick myocardium of dense 
bundles. Figure J is the treated bulbus arteriosus with the histoarchitecture intact. 

Figure 4 shows the control ventricle. The thick myocardium has an outer 
cortiealis and inner spongiosa (3) . The outer corticalis consists of densely packed 
myocardial fibers. The inner spongiosa layer is a network of anastomosing ca r­
diac muscle bundles lined by thin endocardial layer. Thin epicardium is securely 
attached and covers the entire surface of Lhe ventricular wall. 

In the treated ventricle, slightly fewer muscle bundles are found in the 
my0cardiwn (Figure 5). 

The atrium of the control heart is shmvn in Figure 6. The myoca rdium is a 
very thin layer of loose cardiac muscle bundles closely connected to the 
epicardium. Figure 7 is the treated atrium that still looks essentially the same as the 
untreated heart. 

Elcctromicrographs of untreated and treated myocardia l fibers of the ven­
tricle arc presented in Figures 8 and 9. 

The primitive heart tube surrounded by unfused splanchnic mesoderm cells 
develops into the four-heart regions with distinct endocardium. myocardium and 
epicardium. Rather than fusing into syncytium, the cardiac cells form complex 
junctions. The heart of the juvenile Oreocltromis niloticus consists of tightly knit 
bundles of interwoven fibers (Fig. 8). The cross-striated banding pattern is identi­
cal to tl1at of skeletal muscle but each cardiac muscle cell has only one centrally 
located nucleus. Surrounding the muscle cells is a delicate covering of connec­
tive tissue. 

lntercaiated disks representing the junctional complexes are fou nd at the 
interface between adjacent cells. The stmcture of the proteins in the cardiac cells 
is virtually similar to that in skeletal muscle (Figure &). The presence of several 
mitochondria reflects the need for continuous aerobic metabolism in the cardiac 
muscles. 

In other fish species, petroleum compounds (cmdc oils) chemically induced 
degeneration of the ventricular myocardium of marine teleost, Me midis menidia 
( 1). Hypotonicity in the heart of Cichlosoma nigr(l{asciatum concomitant with poor 
circulation and hemostatis was a result of intraperitoneal toxici ty of lead (4). 
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In a study on the effect of mercury on tissue proteins, it was found that the 
levels of total , structural and soluble proteins in muscle tissues decrease signifi~ 
cantly (5). The decline in muscle proteins implies intensi\·e proteolysis which 

contributes to the increase of free amino acids that are fed to the tricarbo>.:ylic ac1d 
(rCA) as keto acids for energy regeneration. 

In the heart, continuous and intensive proteolysis of the structural and solu­
ble proteins of the cardiac muscle result in the disintegration of myocardial fibers. 
Degeneration of the corticalis results in the lifting off of the epicardium since it 
cannot securely attach itself to the loose fibers of the corticalis. 

Another possible explanation for the slight degeneration of myocardial fibers 
is the competitive inhibition of Na, K~A TPasc by lead. This enzyme is responsible 
for maintaining the ionic gradient within and without the cell. The inactivation of 
the functioning of the cell membrane is manifested as change in the architecture 
of the tissue (2). 

The study shows that chronically stressed 0 . niloticus ex-posed to 8 mgs. L· lead 
for one month docs not have major heart defects. Letl1ality, therefore, is not probably 
due to cardiac defect. Abnormalities found in other organs arc for worse than changes 
observed in the heart . 

Figure l. A diagram of the sagittal section of tbe heart of juvenile 0 . niloticus. 
8A-bulbus arteriosus, V-ventricle, A-strium, SV-sinus venosus. 
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Figure 2. Tbe control bulbus arteriosus has elastic connective tissue and smooth 
muscle fibers. Ep- epicardium.t My- myocardium. en- endocardium. 
XlOO 

Figure 3. The treated bulbus arteriosus with intact histoarchitecture. XlOO 



JUH 

Figure 4. The normal ventricle shows truck myorardium ul' outer C- <:nrtic.:alis 
and S-inner apongiosa. XlOO 

Figure 5. The treated ventride with slightly f~e1· musdc fibers. XIOO 



3111 

:ti/it.·· 
· . 

.. ;. 

w 
Fi~urc 6. The cuntrul atrium \~ith v~ry thin lay~r uf luo~c cardiac muscle. bt'­

blood cells, w- ht>art waH. XliiO 

; 

.• 
· '· 

'· .. , 

.. ... .,;. .... 

...... ,. 

-. 

·· . 

b
. -,~·· , c ~~ 

·,· l .. , 
·..V· 

Figure 7. The tr~ated ;drium loo~ essentially similar tCJ the <:ontro!. b,· . blood 
cells, w- heart walt XlOO 



" 
~J';o 

~ 

mf 

~ 

,(: ., 

fr,m mrtin11s Natimwl Arac/<'111\' " ' _..,,.,.",.,. 

,.. ·.-

Figure 8. Low-power electronmicrograpb of untreated ventricular myocardial 
tibers, CTC- connective cells, MF- myofilamenl'i. X4,000 

Figure 9. Low-power electronmicrogr.tph of treated ventricular myocardial 
fibers. eTC-connective tissue cells, MF- myofilaments. X4,000 
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