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ABSTRACT

Radiographers and darkroom staff in developing ¢oes engaged in darkroom radiography are oftencseqal to
x-ray film processing chemicals including the depel. The possible effects of the developer hatebaen
investigated to the best of our knowledge. Thidystuas aimed at investigating the effects of xfilay developer
on the kidneys of wistar rats by assessing theraltss in serum urea and serum creatinine levaisl ghe
histological features. The study covered a perib8days and utilized 18 apparently healthy wists of 16-20
weeks and weighing between 200 and 210g. The s rndomly divided into three (3) groups-A-C, @frats

each. Groups A and B were the experimental groxpesed to varying concentrations of developer gmhst for

periods ranging from 15-30 days. Group C servedhascontrol group exposed to no developer solutitneach
desired period of time, two rats were randomly ctelé from each group, painlessly sacrificed, thdnkis
harvested and blood sample collected and examiab/aed at the Nnamdi Azikiwe University Teachingpital,

Nnewi Anambra State. Results showed raised sernem and creatinine levels which were independenthef
concentration of the developer solution in thetfit® days but concentration dependent at longerosures.
Varying histological changes were also observeduiing distortion of tissue interstitial architece, hypertrophy
of the Bowman'’s capsule, infiltrating cell oedenmal asigns of necrosis. These changes point to ks riadiology
workers face in the discharge of their professichaties.

Key words: Kidney, Wistar rats, X-ray film developer, Serlwrea, Serum Creatinine.

INTRODUCTION

The usefulness of x-ray film developer solutionsvédl-known to radiology departments but the biooistry of its
exposure is almost unknown. Every darkroom- baadiblogy department appreciates the fact that #fierx-ray
exposure of the film emulsion and the formationlaiént/hidden images, the next process to yieldréwgired
permanent/diagnostic images is the processingeofatiiographic films which involves the developmand fixing

of the films. Studies showed that the developertaine many component substances which, even at low
concentrations, have serious pulmonary, cardiastrgjatestinal and also hepatic effects on anireafsosed to the
chemical [1-7].
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This study was aimed at investigating the effedtx-cay film developer solution on the kidneys ofstar rats
exposed to varying concentrations of the chemiaalérying periods of times and conditions. Thignigortant in
view of the fact that the kidney is one of the mimsites of drug toxicity [8]. Acute renal faiuis a common
disease and is associated with high morbidity arwtatity rates [8, 9-10]. Investigations revealetreasing
prevalence and severity of renal dysfunctions iten¢ times with an increase of 115% noted in thealmer of
dialysis patients in Brazil between 2000 and 2Cdr@)J a total of about 91,314 patients in 2011 wiibre than
77,000 patients undergoing hemodialysis as repiaoé therapy for kidney function in 2009[11]. Thiuation

could be the same or even worse in some other Gesirgspecially in developing countries where latknedical

facilities precludes early diagnosis and /or treattrof many diseases.

Researches are usually carried out using animalsaea very important in understanding the pathojotygy of

several diseases yielding results that can be polated to humans and has the advantages of agoiiiks

associated with direct experimentation with humaithough there are many other waste productsahatbe used
to evaluate kidney diseases, urea(Blood Ureaa ¢étroBUN/ Serum Urea Nitrogen, SUN) and creatirdre the
most convenient to track [12]. Urea and creatinime used to evaluate kidney functions in a widegeaof

circumstances to diagnose renal diseases and tdan@eople with acute or chronic renal dysfunctimmrenal

failure.

Urea is a waste product formed in the liver whestgin is metabolized. It is carried to the kidnéysn where it is
filtered out of the blood into urine. Urea levelblood rises when there is kidney disease or daméujeh prevents
the kidneys from filtering urea out of the blood.

The functional unit of the kidney is the nephronh.cbntains numerous glomeruli (singular,glomerullihe
glomerulus is a microscopic cluster of looping llo@ssels contained in each nephron of the kidmeygh which
blood is filtered. It allows passage of water amdals molecules but retains blood cells and largedetules.
Attached to each glomerulus is a tubule that ctdl¢iee fluid and molecules that pass through tbengtulus and
then reabsorb any that can be used by the bodyasstout the rest as waste in urine.

Increased level of serum urea is suggestive of imgarenal function, which could be due to acutecbronic

kidney disease, damage or failure, or due to cimmditthat result in decreased blood flow to thenkid such as
congestive cardiac failure, shock, stress, recemrthattack or severe burns or due to conditiord tdause
obstruction of urine flow or due to dehydrationJ1Blevation of urea level can also occur due tréased dietary
protein or gastrointestinal bleeding [13].

Serum creatinine is a waste product from breakdofvdietary protein and muscle protein from muscigiy.
Increase in serum creatinine level is also indveatif kidney injury. A more precise measure of kidmey function
can be estimated by calculating how much creatiisiredeared from the body by the kidneys. Thiseiferred to as
creatinine clearance and it estimates the ratdltodition by kidneys (glomerular filtration rateGFR) [14]. It
compares the creatinine levels in blood and uriofal values being about 97-137ml per minutesathrlt male
and about 88-128ml per minutes for female). Créatirclearance (CrC) can be measured either dirdxtly
comparing the creatinine levels in blood to theatirene level in a 24 hour urine sample, or by ggime formular:

Male: CrC = 140 - A x Wt
72 x SCr
Female: CrC = _140 - A x 0.85 x Wt
® SCr
Where,
CrC = Creatinine clearance (mg/dL)

A = Patient’s age (years)
Wt = Patient’s weight (Kg)

SCr = Serum creatinine

140, 72 and 0.85 are constants [14].
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Recent discovery revealed that elevated creatileivels in infants were associated with bacterenmideaelevated
levels in adult males have been linked to increamsidof prostate cancer [14].

This study investigated the physiological and motpbical renal changes in wistar rats exposed fterdint
concentrations of freshly prepared x-ray film dep&lr solutions for various periods of time and undiéferent
conditions of exposure. The result obtained withyide an idea of the possible renal risks to whiadiology staff
and darkroom personnel are exposed in the coursargfing out their professional duties.

MATERIALS AND METHODS

The experimental research design was used fosthidy. The research was carried out betwedhJise and 1%
July, 2014. Before commencing the study, ethicglrapal was obtained from the Research and Ethiqggiréval
Committee of the Faculty of Health Sciences anchiietogy, Nnamdi Azikiwe University, Nnewi Campusnéwi,
Anambra State, Nigeria. Eighteen (18) apparentlglthg wistar rats Rattus norvegicysof 20-24 weeks and
weighing between 200g and 210g were obtained froenanimal farm of Nnamdi Azikiwe University, Nnewi
Campus and used for the study. These rats wer@mapdlivided into three groups (A, B and C) of sats each.
Rats in group A were the experimental groups expposdull concentration of the developer soluti®ats in group
B were the experimental group exposed to half comaton of the developer solution while the ratsgroup C,
served as the control group that were not exposeatetveloper solution. Each group of rats was pu iabeled
metal cage and observed for seven days to acchienati their new environment before the start of stedy.
Materials used for the study included 3metal cadwmdl jar, weighing balance, dissecting set, ancteda
microscope, 5ml syringes, palletized vital feedwgos produced by Grand Cereals Limited, water,difegand
water troughs, 10% formalin, cotton gauze, surgitaVes, chloroform, plain sample bottles, 500gghedeveloper
powder, 10litre water tank, 50ml measuring jugnb(3litre) plastic bowels.

Experimental Procedure

A full concentration of the developer solution @®gOper cmi was prepared by dissolving the 500g packet of
developer powder in 10litres (10,0009rof water. 5000cthof the prepared developer solution was then dillbig
qual volume of water to obtain a developer sotutigth half the concentration of the original gaun(0.025g per
cm’).

Wistar rats in the experimental group A were exdagethe fumes from the full concentration developaution
contained in a plastic bowel placed close to thgecharbouring them. By the same method, the ratthén
experimental group B were exposed to the fumes tlwrdeveloper solution of half concentration. Tats in the
control group, C were not exposed to any develgodution fumes. The cages harbouring the rats Wwep in
different rooms of a house. The rats were fed widlter and Vital Feeds Growers palletized for fegdime rats as
recommended by the manager of the animal house fkbmre they were obtained. The rats were made to
experience 12:12 hour light: darkness.

On the 18 day of the experiment, two rats were randomly cteté from each group for dissection. Before
dissecting the rats, each was weighed and theghi&hoted. Each of the rats was then anesthdtizg@tacing it in

a plastic bell jar with a wire mesh floor over gaumoistened with chloroform and observed for sigihdecreased
motility and unsteady gait for about 20seconds hHat was then taken out of the bell jar and pasilesacrificed.
Using aseptic technique, each rat was dissecteddiyng a midline incision on the ventral aspectrfrine thoracic
region to the abdomen. The kidneys of each rat Were harvested, preserved in 10% formalin in &nptample
bottle. Using a 5ml syringe blood samples were alsitected from each sacrificed rat by cardiac purec and
discharged into plain sample bottles and centriduigeobtain the serum. The kidney specimen anddokamples
were properly identified and sent for examinatiod analysis at the Medical Laboratory Sciences ideyat of the
Nnamdi Azikiwe University Teaching Hospital Nnewi.

On that same f5day, two rats were randomly selected from eachhef experimental groups (A and B) for
pharyngeal aspiration with the respective developglutions. Before aspirating the rats with the eleper
solutions, the rats were weighed and labeled Al,B¥2 and B2. To aspirate the rats with the dgy&i®solutions,
each rat was anesthetized using the same procedsicebed earlier for the rats sacrificed abovehEat was then
brought out of the bell jar. Using a 5ml syringeleaat was aspirated with 0.5ml of the solutiornts &1 and A2,
with the full strength developer solution and ®isand B2, with the half strength developer sohlutid o instill the
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solution, the mouth of the rat was opened. Theuengas pulled to a side using a swap stick andahgion was
introduced to pass down through the pharynx. Tipirated rats were then kept on a slab and obseovegcover
from the effects of the anesthesia and were puk bdo their respective cages where they stayedcamtinued
with the non-aspirated rats in the group to the @rttie experiment.

On the 38 day (end of the experiment) all the rats in eaciug were painlessly sacrificed after anesthetixziith
chloroform as described earlier for the rats sieif on the 18 day. Using the same procedure as on tHedEs,
all the rats were dissected, blood samples collezbel the kidneys harvested for examination antysisa

The blood and kidney specimen were properly labelecbrding to their groups and mode of exposuréhéo
developer solutions (ie inhalation only or inhaatiplus aspiration) and then sent to the Medicdolatory
Sciences department of Nnamdi Azikiwe Universityadleng Hospital for examination and analysis of the
biochemical changes in the blood and the histoldgiad morphological changes in the kidney tissues.

Tissue Preparation and Processing

The kidney tissues were cut into thin slices ofn3abthick and 1cm long and studied under an eleatrimnoscope.
The microscopic appearance was first observed rfegularities in shape, consistency, colour, firsmeand

presence of lesions and ulcers. The tissues we® raeasured (length x breadth x height), weigheiterA
microscopic examination, the small pieces of tiss(5mm thick and 1cm long) were cut and put iladoeled

tissue cassettes and preserved in 10% formalirrdoefocessing.

Manual tissue processing was done by immersindigsaes into a 10% formalin bath for 1hour afteichithey
were passed through 70%, 90% and 95% absolutealtol and Il for 2hours each and absolute alohv
overnight to dehydrate the tissues completely. @naving the tissues from the absolute alcohol tidsies were
passed through three changes of xylene (I, Il,ftit)Lhour 30minutes each to remove the alcohot fildsues were
then impregnated with paraffin wax by passing ththmough two wax baths (I and Il) for 2hours and utho
respectively. This was followed by the tissues geembedded in molten paraffin wax in a mould. Thiss
achieved by using a heated forceps to orient theudi in the mould until it lay in the desired plafide
corresponding labels (I and Il) were transferrexdrfithe paraffin wax bath and placed against the sfdhe mould
adjacent to the tissue. The mould was then tramesféo ice block to solidify. On solidification,dHissue block was
removed from the mould and attached to a wooderkhiging a heated knife.

Sectioning the tissue block

Prior to sectioning the tissue block, the tisswrbiwas trimmed to expose the surface of the tibuedjusting the
microtome knife to 10umThe wooden block to which the tissue block wascagd was then placed in the block
holder in the microtome parallel to the microtonméféc Sections were then cut with the rotary miosro¢ and the
ribbons were placed onto 20% alcohol on a largen(%c7.5cm) slices to remove minor folds and credises the
sections. The ribbon was gently placed on a wai#r preheated to about®%5o as to float out the tissue. Using a
clean slide, the tissue was collected, allowedrioahd then labeled using diamond pencil. The slide then
placed on a hot plate at%or the tissue to adhere to the slide.

Staining the tissue sections

Erhlich’s haematoxylin and Eosin staining technifi®&] was used to stain the sectioned tissue éonahstration
of the general tissue structure. The slides wekentdao water and stained for 20minutes in Erhlidiéematoxylin.
The stained slides were then washed in distilledexvavith agitation for 10minutes after which theyens
differentiated in 1% acid alcohol for few secondwl ghen blued in Scott’'s tap water for 2minutesisTivas
followed immediately by counter staining in 1% aque eosin for 2minutes. The stained slides wesednn water
for 30seconds, then dehydrated in ascending gmafdalseohol (70%, 90% and 95% absolute | and 1) Zorinutes
each. The stained slides were then cleared in &yéeidl mounted in dibutylphthalate polystene xykgieX).

Microscopy and photomicrography

Microscopic examination of the cut sections wasiedrout using Swift binocular microscope with iniblighting
system. Sections with striking features were setéédr photomicrography using Olympus photomicr@ecavith
coloured films. Results were expressed in termsbserved physical/behavioural changes in the baghemical
and histological/morphological changes in the kidtissues.

46
Pelagia Research Library



Daniel C. Ugwuanyiet al Euro. J. Exp. Bio., 2016, 6(2):43-52

BIOCHEMICAL ANALYSIS
Serum Creatinine
Serum creatinine is estimated using Jaffe Slot'alike Pictrate method [16]

Principle:

In an alkaline medium (and the creatininase enzysea)m creatinine reacts with picric acid to praaoceatinine
pictrate with orange/red colour which can be measspectrophotometrically and the intensity of dodour is
directly proportional to the concentration of cie@te in the serum sample.

The procedure is in two stages. In the first stage,test tubes labeled ‘TEST' and ‘BLANK’ were agi. About
500ul serum sample was pipetted into the TESTttdmt. Then 1.5ml distilled water was added to tB&ST test
tube and 2.0ml distilled water to the BLANK tesbéu This was followed by 0.5ml of 2/3N8O, and 0.5ml of
10% sodium tungstate added to each of the teststuliee tubes were then centrifuged for Sminutes tied
supernatant solution in each tube was collected.

In the second stage, 0.5ml of 10% sodium tungstate pipette into each test tube followed by 0.5mtip acid.
Then 0.5ml of 0.7N NaOH was added and the set upimaubated for 20minutes at room temperature aftéch
the result was read at 520nm.

The concentration of the TEST was then calculatédg the formula:

TEST conc . = TEST absorb. x STDgoO.
SHbsorb

where

TEST conc, = Concentration of the Test
TEST absorb.=Absorbance of the Test

STD conc. = Concentration of the Standard
STD absorb = Absorbance of the Standard.

Serum Urea
Serum urea is estimated using the Berthelot Reaftin-18]

Principle:
Serum urea, in the presence of urease enzyme isliigdd to ammonia and carbamic acid with the aaibacid
spontaneously decomposing to ammonia and carbaidéio

Urease
Urea + HO » NH + CQ

The ammonia then reacts with Salicylate (or pheniipferricyanide and alkaline solution of hypoatite to yield
a blue-green chromophore (indophenols) which alssad can be measured photometrically and is djrectl
proportional to the concentration of urea in theisesample.

Nitroprugdsi
NH3 + Salicylate »2-2-Dicarboxyl Indophenol (bluesgn).
Hypochlerit

In the procedure, three test tubes labeled: TEFANDARD and BLANK were set up with 10ul of serummsale
added to each. Distilled water was then pipetteach test tube. Reagent 1 (phenol) (50ul) wadtpijpr@o each
test tube, mixed and incubated for 10minutes 8€3Then reagent2 (1.5ml) urease enzyme was pijpetieeach
test tube, followed by 1.5ml of reagent 3(sodiurdroyide/sodium hypochlorite solution). They werertproperly
mixed and incubated for 15minutes af@7The absorbance was then read at 540nm agaénbtahk.

The concentrate of the TEST was calculated usiag#ime formula used earlier for calculating theceatration of
the creatinine but substituting urea for creatinine
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TEST conc. = TEST absorb. x STD conc.
STD alko

where

TEST conc, = Concentration of the Test
TEST absorb. =Absorbance of the Test

STD conc. = Concentration of the Standard
STD absorb. = Absorbance of the Standard.

Data Analysis

Statistical analysis was done using a computer ggeek- statistical package for social sciences mer@D (SPSS
version20). Analysis of variance (ANOVA) test wased to test for differences in the urea and crestitevels
among the groups of rats. Where significant diffieee exists, Scheffe’s test was used to find thecegs) of the
difference. P-values of < 0.05 were consideretissitzally significant.

RESULTS

Towards the end of the experiment the rats in ¥peemental groups were observed to show alteratigrhysical
behavior-non-significant weight loss, poor respaieskeeds and water, and decreased social activitie

A

Plate 1. Photomicrographs of the kidney of rats sheing normal tissue architecture(Mag. X200).
(A-Control group, B - Experimental group)
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Plate 2. Photomicrograph of the kidney of wistar rés that inhaled fumes from half concentration of xray developer solution for 30days
showing distortion of interstitial tissue architecure, hypertrophy of Bowman's capsule, infiltrates ¢ inflammatory cells and severe loss
of tubules (Mag. X200)

Plate 3. Photomicrograph of the kidney of wistar rés that inhaled fumes from full concentration ofx-ray developer solution for 30days
showing distortion of interstitial tissue architecure, signs of necrosis, infiltrates of inflammatorycells and oedema(Mag. X200)

Plate 4. Photomicrograph of the renal tissue of ratin the experimental group which inhaled fumes frm the half concentration of the
developer solution for 30 days and also was aspikd with 0.5ml of the solution on the 15 day of thexperiment, showing signs of
necrosis, distorted interstitial tissue architectue and infiltrates of inflammatory oedema(Mag. X200)

Histological
Photomicrographs of the renal tissue of wistar natthe control group and the experimental grougt fhhaled
fumes from the full concentration of developer & days showed normal tissue architecture (Platerid\1B).
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Photomicrograph of the renal tissues of the ratthéexperimental groups showed histological chersgeh as
distortion of interstitial tissue architecture, leyfrophy of the Bowman’s capsule, loss of tubula§itrates of
inflammatory cells, oedema, thickening of basenmeaibrane and necrosis (Plates 2, 3 and 4).

Biochemical Analysis

At the 18" day of the experiment, Scheffe’s test showed gaifitant difference (P= 0.054) in the mean serum
urea levels of the kidneys of the rats exposechéfumes from the full strength developer solutaord those
exposed to the half strength solution. But thers significant difference (P = 0.000) between theaudevels of rats
exposed to the full strength solution and the irmtse control group and also between urea levietate exposed to
the half strength solution and the rats in the drgroup(Table 2). Significant difference (P = @0) exists in the
serum cratinine between  the rats exposed to doticentration of the developer and rats exposetiatd
concentration of developer solution and the ratshim control group and also between rats exposdtigdalf
concentration of developer solution and the rathéncontrol group(Table 2) .

Table 1. Serum urea and creatinine levels of the atar rats at varying concentrations of the developesolution and different exposure

conditions
Period/condition of exposure Concentration Rat no Serum urea Serum creatinine
p (glcn?) (mmol/L) (mmol/L)
SURK | SULK | SCrRK| SCrlLK

Full 1 9.9 9.9 106 106

2 9.8 9.9 106 106

. . 1 10.1 10.1 108 108

15days inhalation Half > 10.2 100 108 107.8
1 3.9 4.0 78 78
Control 2 4c | ac 78 78

Full 1 4.3 4.2 108 108

2 4.3 4.3 108 108
. . ) - 1 2.5 2.6 93 94
30days inhalation without aspiration Half 5 55 55 93 93
Control 1 3.9 4.0 78 78
2 4.0 4.0 78.2 78
Full 1 4.0 4.0 78 78
2 4.C 4.C 78 78

. . o 1 4.3 4.4 62.2 62.2
30days inhalation plus aspiration | Half > 43 43 62.2 63
Control 1 4.0 4.0 78 78
2 4.0 4.0 78 78

SURK=Serum urea right kidney; SULK=Serum urdaliginey
SCr RK =Serum creatinine right kidney; SCr LK =&®rcreatinine left kidney.

Table 2. Mean serum urea and creatinine levels arttieir Scheffe’s p-values

Period/condition Concentration Mean serum urea | Scheffe Mean serum Scheffe
of exposure (mmol/L) p-value | creatinine (mmol/L) | p-value
RK LK RK LK
Full (group A) 9.85 9.9 %%%‘é 106 106 8'388
15 days inhalation Half (groupB 10.1¢ 10.0¢ ; 10¢ 107.¢ ;
(0.000)+ (0.000)+
Contro (group C 3.9t 4.C 78 78
Full 4.3 4.25 0.000 108 108 .000
30 days inhalation without aspiratianHalf 25 2.55 0.008 93 93.5 0.000
Control 3.95 4.0 | (0.000)+ 78 78 (0.000)+
Full 4.0 4.0 0.037 78 78 0.000
30 days inhalation plus aspiration | Half 4.3 4.3¢ 0.002 62.2 62.€ 0.544*
Contro 4.C 4.C (0.008)+ 78 78 (0.000)+

*Statistically non-significant at the 0.05 level
()+ Scheffe’'s p-value between rats exposed todwai€entration of developer and the control.

Table 2 above also showed that there was signffitiffierence (P < 0.05) in serum urea and seruraticti@e levels
between the rats that inhaled the full strengthettgper solution for 30 days and those that inh#thedhalf strength
developer solution for 30days. Also there was $icgnt difference in serum urea and serum creagiténels of rats
in the control group and rats in the experimegtalps.
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For the aspirated rats that also inhaled fumes fthen respective developer solutions for 30dayshifognt
difference occurred in the urea levels betweeninaéxperimental groups A and B and between uregiden each
experimental group and the control group. No défere( P= 0.544) existed in creatinine levels betweats in
group A and group B. Significant difference was boer, noted in creatinine levels between rats ougrA and
rats in group C (control) and rats in group B aais in the control group (Table 2).

DISCUSSION

Our study revealed that compared to the rats inctirgrol group, there was marked rise in the semea and
creatinine levels (by a factor of 2.5 and 1.4 retipely) in the rats in the experimental groupshiitthe first 15

days of exposure to the developer solutions. Th&iggestive of acute toxic effects with acute Irdaaage/injury
and impaired renal function. This is in agreemeithweports in literature [8, 13]. The fall in theea level seen
with further exposure to the developer (in the 2¥sdperiods) could possibly be due to re-absorpiothe

proximal renal tubules enhanced by sodium and waéssport [11] or due to liver injury that mighave also
occurred [13]. The implication of this to radiologrorkers in developing countries where most ramjglfacilities

employ darkroom procedure is the possible highllefreenal problems with possible attendant faditworsened
by lack of renal centres (and poverty which presesgeking medical treatment from the developedtc@sh The

problem can even be compounded by the observethftile urea and creatinine levels (almost of saatee with

the control) in the aspirated rats. This, possilslisuggestive of either ‘false’ adaptation to tiwec situation-which

means dying without knowing it or acquired immunity

When the biochemical findings are related to th&tohbgical findings, the almost normal values foundthe
aspirated rats that also inhaled developer fume3ddays seem to agree to the report that ure@ra@adinine levels
show significant rise in level after a substdritidney injuries occurred [8] and 2/3 to 3/4 bktglomeruli have
been lost[12 ].

The results from this study gives insight to thegible risks to which radiographers and darkroaaff are exposed.
This becomes more worrisome when we remember tlcdt personnel are not exposed to only the develbper
also the fixer which may itself have some harmftéas on health.

CONCLUSION

Wistar rats exposed to developer solutions expee@ralteration in physical, biochemical and morphaal status
which were not concentration dependent at shor&x@s but become so with longer exposure.
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