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Original Research Articles
CARDIOTOXIC ASSESSMENT OF RADIOGRAPHIC DEVELOPER EFFLUENT IN
WISTAR RATS

ABSTRACT

Aims: To demonstrate the histopathological changesidiac tissues of Wistar rats following
exposure to developer effluent.

Study Design: A case control study.

Place and Duration of Study: Department of Radiography, Nnamdi Azikiwe UnivgrsNnewi
Campus, Anambra State, Nigeria.

Methodology: Eighteen young Wistar rats of weighing 140-22G@gewsed for the study. The
animals were divided randomly into three group$§ ddits each based on the dose of developer
effluent administered to them — i.e. control grdyP dose) and experimental groups Il (lower
dose, 200 mg/kg) and Ill (higher dose, 400 mg/kgpectively. The groups were further
classified as either A or B sub-groups of three egtch, depending on the duration (14 or 28
days) of effluent administration. The effluent adisiration was done by oral gavagesage
processing and analyses were done using Imagevaseftversion 1.49) to obtain particle count,
circularity of particlesnumber of nuclei and number of connective tissaEag.

Results: Normal heart histology was observed in the cdmgroup. In contrast, lower dose of
developer effluent administered for two weeks cduséd edema on cardiac tissues and
occasional loss of myocardial fibers. Fourteen ddyeffluent administration at higher dose
indicated alteration in the cardio-myocytes, neisro$ intercalated discs, moderate distortion
and enlargement of cardio-myocytes structure aethed Administration of lower dose
developer effluent for 28 days caused severe tistoand enlargement of the cardio-myocytes
structure with destruction and loss of intercalatestk. The higher dose of effluent caused severe
distortion and enlargement of the cardio-myocyiess of intercalated discs, and irregular nuclei
after 28 days of administration.

Conclusions: The present study which indicated adverse effeicésute/chronic and long-
term/short-term exposures to sub-lethal doses#ldper effluent on Wistar rats’ heart tissues
suggests the need for proper management and disgasaveloper effluent.

Key words: Environment, workplace, exposure, radiographstdmathology

1. INTRODUCTION

Radiographic developer is a very important solutiatiely used in the photographic and X-ray
film processing to convert latent images to visibhages. There is little information on the
hazards of the chemical. However, it has been tegdo cause harmful effects if inhaled or
accidentally swallowed. Similarly, it has been shaw liberate toxic gases which cause
irritation to the eyes, skin and the gastrointestiract as well as cause damage to the kidheys
After its decomposition, developer produces sultgisisuch as carbon monoxide, carbon
dioxide and oxides of sulphur, which are hazardoT$ie exhausted waste of the radiographic
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developer is known as developer effluent and isgrd during radiographic processing and
contains organic and inorganic compounds, whiclrggerted to be toxic to the environment
(soil, water) and food in cases where they aregramiately disposed &t

There is paucity of data on developer effluentslpoed in Nigeria. However, a preliminary
survey on the developer consumption level in ra@dipgy and photography centers in Calabar,
Cross River State, Nigeria, puts the developeuefit production at approximately 16,000 liters
annually’. There are clear legal rules that give guidancéhie proper discharge of these
effluents in developed countries; however thisaitn is not common in developing countries
Presently there is no legislation on the managewiethe radiographic effluents in Nigeria. This
means that many photographic and radiographickhealtters including teaching and research
institutions dispose these effluents into streansublic sewer systems without previous
treatment or recycling. Consequently, the effluamésdiscarded into the environment with a
high level of inorganic compounds, high chemicajgen demand (COD) and hydrogenic
potential (pH), total dissolved solids concentnatichlorides, sulfates and turbidity that are over
allowed limits® *. Exposure to harmful and toxic substances is knmaikely occur through the
diet, from medications, the environment and wor&efa Such exposures may pose great danger
to the human body, particularly to organs assodiafi¢h transport and blood circulation such as
the heart.

To the best of our knowledge, no previous studyrbpserted toxic effects of radiographic
developer effluent on heart tissues. The presedigherefore is aimed at investigating the
histopathologic effects of developer effluent exreso the heart tissues of Wistar rats.

2. MATERIALSAND METHODS

2.1 Animals

Eighteen apparently healthy Wistar rats weighin@-220 g were used. They were housed in the
animal house of the Department of Human Anatomygriai Azikiwe University, Nnewi
Campus, under standard conditions (29@& &2mperature, 40-55% humidity, good ventilation)
and had free access to water and diet (normahatt They were acclimatized for two weeks
before the start of the experiment.

2.2 Test Chemical

The original product, a commercially prepared depet (a chemical used in processing
photographic or x-ray films) was purchased from &syjManufacturing Company Ltd, China.
The main components of the developer are hydrogeinsodium carbonate, sodium sulfite,
potassium bromide and wafefThe content of the exhausted developer effliaet|iquid waste
material generated from radiographic processirgude hydroquinone and its oxidation
products, carbonate ion, bromide ion, COD. It had af 10.4. The lethal dose (LD50)
concentration of the developer effluent was catedas 2450 mg/kg body weight using the
formula: LDsp = Va x b (where: a = the lowest dose that broughthdiemt3000 and b = the
highest dose that did not kill i.e. 2000). The &tthose test of the developer effluent was carried
out at the Faculty of Pharmacy and Pharmaceutcah8es, Nnamdi Azikiwe University, Agulu
Campus according to the method employed by L&rRéne concentrations of the developer
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effluent used for the experiment were sub-lethaledaof 200mg/kg (lower dose) and 400mg/kg
(higher dose) of body weight.

2.3 Experimental Design

The present experiment was designed to be timelaseldependent. The animals were divided
randomly into three groups of 6 rats each basdti@dose of developer effluent administered to
them — i.e. control group | (O dose) and experiralegrtoups 1l (lower dose, 200 mg/kg) and Il
(higher dose, 400 mg/kg) respectively. The groupseviurther classified as either A or B of 3
rats each depending on the duration (14 or 28 d#yffluent administration. Thus control
groups IA and IB were administered with distilledter for 14 and 28 days respectively; group
lIA rats were administered with lower dose (200ngy/&f effluent for a short term period of 14
days; the group IIB rats were administered withltveer dose of effluent for a long term period
of 28 days; group IlIA rats were administered witgher dose (400 mg/kg) of effluent for short
term period of 14 days; and group 1lIB rats wereanistered with higher dose of effluent for
long term period of 28 days. The effluent admiaistm was done by oral gavages. The average
developer effluent consumption was 0.2 ml/day ferfower dose group and 0.42ml for the
higher dose group. After 14 days, three rats froougs IA, 1A and IlIA were sacrificed (using
the chloroform inhalation method), while the thrats from each of the remaining groups, 1B,
[IB, 1lIB, were sacrificed after 28 days and the@arts harvested.

2.4 Tissue preparation

As soon as the animals were sacrificed, they weiekly dissected and their hearts removed and
immediately fixed in a fixative (10% formol — sadinfor 24 hrs and transferred into specimen
bottles, labeled and kept frozen for 48 hours leetordergoing routine processing (dehydration,
clearing impregnation and infiltration with meltpdraffin). The heart tissues were embedded in
paraffin wax, sectioned at@n placed on a hot water bath, after which they wieied and

stained by Cole’s hematoxylin solution and 1% easilution. The photomicrographs were
observed using research microscope (Leica DM 7B@.micrograph pictures were taken with
digital camera (DCM 510.5M Pixels, CMOS chip) cocteel to the microscope. All the tissue
preparations and observations were done by the szsrarch personnel.

2.5 Ethical Consideration

All procedures used in this study conformed todteria and guiding principles for research
involving animals as outlined in the "Guide for Bare and Use of Laboratory Animédls
prepared by the National Academy of Sciences abtghed by the National Institutes of Health
(NIH publication 86-23 revised 198%)The experiments were carried out following tHeicztl
approval of the Ethical Board of Faculty of Hedltience and Technology, College of Health
Sciences, Nnamdi Azikiwe University.

2.6 Image Analysis

All image processing and analyses were done usiagéJ software (version 1.49)he ImageJ
software is a public domain, Java based image psoog program designed for processing and
analyzing scientific multidimentional imagékhe image analyses were done within the region of
interest (ROI) to determine color thresholds, celints, total area of ROIs, and percentage area
of particles, mean gray value, integrated dendityray values and shape (circularity) of objects,
is summarized in the table of results. Data wepressed as means, percentages anddrons
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3.RESULTS

The histological findings revealed that the techeigjused for tissue preparation were successful
in all sacrificed rats with less technical diffites. None of the rats died before the last day of
experimentEveryhistological finding or changebserved and staténl this studywas identified
either in all the rat tissues of each group oeast in two of the three rat tissues, however, only
the clearest slides were chosafi.the rats in control groups IA, IB indicated samormal

cardiac morphologytwo of the three rats in groups llA, 1IB, llIBdrcated same histological
findings respectively; and in group llIA, all therée rat tissues indicated same findings.

The cardiac histology of the control rats reveaeatrmal appearance showing normal and
centrally arranged nucleus, the intercalated discsconnective tissues also appeared normal
and the cardiac muscle fibers are well arran@egl 1) The image analysis showing the color
threshold, particle count, area of region of irgeréo area of particles within the region of
interest, mean gray value, integrated density ay galues, shape (circularity) of particles,
number of nuclei, and number of connective tis€lE) (Spacesis summarized in the table of
results {able).

The cardiac histology revealed significant altenasiin the histological profilef group 1A
(administered with 200mg/kg of effluent for1l4 dawd)en compared to the control group. The
histological findings include presence of mild e@deamd occasional loss of myocardial fibers
(Fig. 2). Results of the image analysis (Table 1) indicaled group IIA had greater particle
count (n = 839), and greater number of nuclei 498) and CT spaces (n = 43) compared to the
control (particle count, n = 452; nuclei, n = 185 spaces, n = 21) and the other groups. Other
data of the image analysis are as summarized iteTlab

The cardiac histologyf group IlIA (administered with 400mg/kg of effloeforl4 days)

indicated destruction and necrosis of the intetedlaiscs; degenerated, distorted and enlarged
myocardial morphology and moderate cardiac edemgpaced to the control group (Fig. 3).
Results of the image analysis (Table 1) indicalted group IlIA had greater particle count (n =
826), greater number of nuclei (n = 198) but lo@&rspaces (n = 9) compared to the control
(particle count, n = 452; nuclei, n = 185; CT sgace= 21). Other data of the image analysis are
as summarized in the table.

There was severe degeneration, distortion andgatteent of myocardial morphology, with loss
of intercalated discs as well as enlargement apdra@on of the connective tissuaeshe

cardiac histology of group IIB (administered with(2ng/kg of effluent for 28 daysiHowever,

the nuclei indicated no change when compared \Witcontrol group (Fig. 4Results of the

image analysis (Table 1) indicated that group I#8l greater particle count (n = 739), greater
number of nuclei (n = 243) but lower number of @aces (n = 8) compared to the control
(particle count, n = 452; nuclei, n = 185; CT sgace= 21). Other data of the image analysis are
as summarized in the table.

There was loss of intercalated discs as well aargeient and separation of connective tissues
and degeneration, distortion and enlargement ofcawgbal morphologyn group I11B
(administered with 400mg/kg of effluent for 28 dayEhe nuclei were irregular and larger
compared to the control group (Fig. Besults of the image analysis (Table 1) indicaled t
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group IlIB had greater particle count (n = 1103gager number of nuclei (n = 229) but lower
number of connective tissue spaces (n = 8) compartde control (particle count, n = 452;

nuclei, n = 185; CT spaces, n = 21). Other data®image analysis are as summarized in Table

1.

Table 1. Results of image analysis of the cardisiology in control and test groups.

Characteristics Control | Group IIA | Group IlIA | Group IIB | Group IlIB
(Fig.1) | (Fig. 2) (Fig. 3) (Fig. 4) (Fig. 5)
Image Color Threshold 52 -255|129-255| 129 - 255 | 132 - 255 | 135 - 255
Total Surface Area of ROI (i) 613, 263 | 625,575 | 545,911 583,907 |581,151
Average Size of ROI (u) 6,524.07 | 18,399.26 | 4,587.48 | 16,683.05| 13,515.14
Mean Gray Value within ROI | 25.51 73.20 61.39 60.75 55.21
ID Gray Value within ROI (p) | 238,836 | 1,366,833 | 357,989 1,276,790 | 981,594
Particle Count within ROI 452 839 826 739 1103
% Area of Particles within ROJ 85.86 87.35 76.23 81.53 81.15
Circularity of Particles 0.929 0.827 0.818 0.864 0.844
Number of Nuclei 185 490 198 243 229
Number of CT Spaces 21 43 9 8 8

Abbreviation: ROl = Region of interest; ID = Inte¢ged density; CT = Connective Tissue

4. DISCUSSION

The principal findings of the present studyealed significant alterations in the histologica
profile of cardiac tissues of the experimental Wistar ratigs.Radiographic developer effluent
given at a lower dose (200 mg/kg) fot days(group 11A) caused mild edema on the cardiac
tissues and occasional loss of myocardial fibeexdbper administered fa¥ daysat higher

dose of 400 mg/kg (group 111A) showed alteratiorthe muscle fibers and necrosis of
intercalated disk; there was also moderate distodind enlargement of cardiac muscle structure
and moderate cardiac edema when compared withatgntup. Long term (28 days)
administration of lower dose (200mg/kg) develogéuent (group 1IB) caused severe distortion
and enlargement of the cardiac muscle structure @éstruction and loss of intercalated disk.
Long term (28 days) administration of higher do#@0fng/kg) developer effluent (group 111B)
caused severe distortion and enlargement of tlteazamuscle structure, destruction and loss of
intercalated disks and irregular nucleus.
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Certain conditions that affect osmotic pressurehsas hypotonic fluid overload, which allows
the movement of water into the intracellular spae®, cause edemiaThe hypotonic content of
the developer efflux may have allowed the passadeoserloading of fluid through the
syncytium of the cardiac cells thus causing theeeltependent edema effects observed in the
cardiac tissues of the groups A and IlIA respegliy. The alterations and loss of the normal
parallel alignment of myocytes is associated wiglooardial fibrosis (the replacement of the
myocytes with non-contractile scar tiss@i@he mechanism for the loss of myocardial fibers an
edema in the present study is not clear. Howekerntyocardial disarray or dystrophy may be
due to the presence of hydroquinone which has beggorted to cause dystrophyic changes in
myocardiun®%

Enlarged heart, also known as cardiomegally is dicakécondition in which the heart is
enlarged’? However, it is not a disease, but rather a sympibamother condition which may

be caused by a large number of factors includirmsd®. It is usually characterized by reduced
overlap of the protein filaments actin and myosithim the sarcomeres of muscle fibers, thus
impacting the heart's sliding flament mechanisimug cardiomegally may constitute one of the
initial compensatory responses after an acuteyirfpucardiac contractile function. This response
may help to transiently normalize the biomechanstia@dss and optimize cardiac pump function
13 Previous reports have shown that cardiomegathgs®ciated with the risk of congestive heart
failure and sudden cardiac de&tti’ Intracellular accumulation of toxic substances thean
implicated in the development of cardiac toxic#ggpdliing to cardiomyopathy and subsequent
heart failure'®. Similarly, clinical findings of heart failure areanifested when the mechanical
dysfunction of the heart due to the toxic substdeads to hemodynamic compromi§eln the
present study, the hypertrophy of the cardiomyxggpeared to be dose-dependent as well as
time-dependent and was evidenced by tortuous migex disk and nuclear irregularities.
Cardiac hypertrophy has been previously associaittcthe presence of tortuous intercalated
discs and nuclear irregularitiés

Intercalated discs are microscopic identifying tee$ of cardiac muscle. They connect

individual heart muscle cells and enable them tckves a single functional organ or syncytium

by supporting synchronized contraction of the adissue. Previous studies have demonstrated
that cardiac defects and cardiomyopathies can ligedaby the disruption of various intercalated
disk component¥® * 2% Toxic insults trigger series of reactions in ¢acccells leading to
measurable changes. Mild injuries can be repawbde cell death would occur from severe
injuries through apoptosis or necro¥isThe disruption, loss or death of cardiac celtstiding
intercalated discs is a part of myocardial injurgttinitiates or aggravates cardiomyopathy

Tissue toxicity may be due to hemodynamic chandjesct actions of toxins on cells and tissue
as well as immunological reactions due to inflanonatissue injury™. It is not clear whether

the histopathological changes observed in the ltisattes of rats in the present study are due to
direct toxic effect of the constituents of the deper effluent or immunological reactions
resulting from the tissue injury. Interestinglyrexent study has found that hydroquinone, a
component of developer effluent, was able to endaadical generation in RAW264.7 céifs
suggesting its role as a strong pro-oxidant agétht ememical reactivity®. There has been some
evidence to suggest that free radicals triggeriacr@ase cell death mechanisms within the body
such as apoptosis and in extreme cases neéfokis possible that the cellular toxicity due to
developer effluent overload may have generatedriréieals which eventually caused cardiac
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tissue damage. In addition, hydroquinone, a majargonent of cigarette smoke, has been
implicated in increased rates of higher respiratoagt infection in chronic cigarette smokéts
and reported to play a role in various immunotobdgizal conditions. Furthermore, exposure
to sub-acute boric acid, another component of ageleffluent, has been reported to cause
dose-dependent histopathological degenerative @sangody tissues such as the kidrf8ys

Limitations of study

Cellular or tissue toxicity can be a result of diractions of toxic chemicals or immunological
reactions due to inflammatory tissue injugne of the limitations of this study is thaé could

not carry out further investigations to eluciddte exact mechanisms behind the observed
cardiotoxic effects of developer effluent on thes¥r rats. Our major focus was to ascertain if
there were morphological alterations or histopaigimial changes in the cardiac tissues of the rat
due to acute or chronic developer effluent expasumérestingly, the present study was able to
elucidate some histopathological changes in théaNiats’ cardiac architecture using a
scientific multidimentional image processing andlgtical softwareHowever, in view of the
above mentioned limitation, we do recommend furgtedies to explain the exact mechanisms
behind the observed histopathological changes.

Conclusion

The present study indicated that both acute/chramitlong-term/short-term exposures to sub-
lethal doses of developer effluent caused altaratio the histology of the heart of Wistar rats.
The cardio-toxic effects observed include: lossgbcardial fibers, edema, destruction of
intercalated discs of the heart and severe hygeryrof cardiac myocytes. These effects could
lead to cardiomyopathy, thus the need for proparagament and disposal of developer
effluents.
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