Asian Journal of

Cell Biology

ISSN 1814-0068

@

Academic
Journals Inc. www.academicjournals.com




Asian Journal of Cell Biology 3 (1): 1-21, 2008
ISSN 1814-0068
© 2008 Academic Journals Inc.

Ultrastructural Studies on the Effect of Captopril and Furosemide
on Some Organs of Albino Swiss Mice

Nabila E. Abdelmeguid, Sherifa S. Hamed and Eglal A. Ahmed
Department of Zoology, Faculty of Science, Alexandria University,
Alexandria 2151, Egypt

Abstract: The main purpose of the present study was to determine the mechanism by which
captopril induces its toxic effect. The study also aimed to determine whether furosemide
(a diuretic drug) inhibits or promotes the side effects produced by captopril administration.
Two dose levels of captopril were used; low dose (0.01 mg for six days a week, for four
weeks) and a high dose (0.23 mg for six days a week, for four weeks). Captopril produced
changes in behavioral and external features, changes in the cytological picture of liver and
kidney and damage of the cardiac muscle fibers. These changes were found to be statistically
proportional to the dose used. Another two groups were studied. One of these groups
received the low captopril dose only with furosemide (0.02 mg) and the other received the
high captopril dose only with the same firosemide dose for the same period of treatment.
Furosemide (0.02 mg) inhibited the decrease in the body weight loss induced by the
admission of captopril alone (at both dose levels). It also decreased the mortality rate in
mice, but it failed to inhibit the cyto-pathological alterations induced by captopril
administration. Despite of the observed damaging effect of the drugs under investigation,
they are commonly used as antihypertensive drugs.
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INTRODUCTION

Captopril (D-3-mercapto-2-methyl- propanoyl-L-proline) is an Angiotensin-Converting Enzyme
(ACE) inhibitor. Besides, its role as a treatment for hypertension (Sultana ef af., 2007), it is commonly
used as a cardioprotective drug (Khattab es af., 2005), has the unexpected beneficial side effects such
as reducing angiogenesis and tumor growth in rats (Kleinman and Ponce, 1996) and the reduction of
both myocardial neerosis and inflammation in mice (Araki ez af., 1995).

The histopathological response of the mammalian liver to captopril administration has been
tackled by many investigations. Rahmat e# a/. (1985) announced the possibility of hepatic injury and
jaundice in patients receiving captopril. Also, Takase ef al. (1995) observed hepatocytic vacuolar
degeneration in dead rats treated with captopril at accurnulative dose of 1000 mg kg™' over a three
month toxicity study.

Many investigators studied the effect of captopril administration on kidney of patients and
many experimental models. The treatment with captopril caused reduction of glomerular, tubular,
vascular and interstitial damage in irradiated, captopril treated rats (Cohen ef al., 1996), glomerular
sclerosis in rats (Friberg er al., 1994), acute renal failure (Luderer er of., 1981), membranous
glomerulopathy and proteinuria (Shearlock and Sturgill, 1983) in patients with hypertension and
inhibits the development of finctional and morphological damage induced by adriamycin in the kidney
of rats (Squadrito et af., 1992).
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Furosemide [N-(2-firanylmethyl)-4-chloro-5-sulfamoylanthranilic acid] is a diuretic drug
frequently used in the treatment of many cardiovascular and renal discases (Mitchell ef af., 1976).
Many reports confirmed that furosemide treatment produces massive hepatic necrosis in mice by a
mechanism independent of its diuretic action (Mitchell ef f., 1974). It also induced liver damage
(Hufhagle et al., 1982), hypertrophy and hyperplasia of the distal convoluted tubule, collecting tubules
and cortical collecting ducts in rats (Kobayashi, 1995). Motwani ef al. (1992) reported that furosemide
induced postglomerular vasodilatation in patient with chronic heart failure. Alon ef af. (1996) studied
histological effect of chronic furosemide treatment on kidney of young rats and reported that the most
ofrenal calcification induced by furosemide occur during the early days of treatment in doses of at least
2 mg kg™ day~! for at least 12 days.

Furosemide is widely used as an antihypertensive drug, but in patients for whom firosemide
treatment alone proves insufficient to reduce hypertension; a common procedure is to co-administer
the angiotensin-converting enzyme ACE inhibitor captopril. Mougenot ef a/. (2005) studied the effect
of the combination of furosemide and captopril in rats. They suggested that the furosemide/captopril
is a rational choice for hypertension treatment and this combination of drugs significantly improved
cardiac remodeling and survival of animals.

Owing to the widespread use of captopril in the therapy of hypertension, the present
investigation was designed to evaluate its possible adverse effects on major target organs; heart, liver
and kidney. The study aims also to determine whether the firosemide (which is a diuretic drug) inhibits
or promotes the side effects produced by captopril administration.

MATERIALS AND METHODS

Animals Used

Two hundred adult male mice with average body weight of 25 g and 3-4 month old, were obtained
from the anmimal house of High Institute of Public Health, Alexandria University. Experimental animals
were housed in metal cages on wood shaving and had free access to food (carrot, milk and wheat) and
drinking water for two weeks prior to the experiment for acclimatization.

Drugs Used

Captopril, (approx. 160 mg mL ') was purchased from Egyptian International Pharmaceutical
Industries. Furosemide was purchased from Hoechst Orient 8. A E. Cairo under License of Hoechst
AG Frankfurt (Main), Germany. The dosages were given orally using a clean stomach tube to avoid
contamination , between 9 and 11 am. All substances were freshly prepared daily and administrated
in volume of approximately 1 mL of sterilized water. . The doses of captopril and furosemide used in
the present investigation were equivalent to the human therapeutic doses.

Experimental Groups
The experimental animals were divided into five groups, each consist of forty mice.

Group (G1)
Animals of this group received no treatment and considered as control.

Group (G2)
Amimals of this group received captopril at a daily dose level equal to 0.01 mg for six days a
week, for four successive weeks, i.¢., the ammal received 0.24 mg/mouse, cumulative dose.

Group (G3)
Animals of this group received captropril at dose level equal 0.23 mg for six days a week, for four
successive weeks, 1.¢., the amimals received 5.52 mg/mouse, cumulative dose.



Asian J. Cell Biol,, 3 (1): 1-21, 2008

Group (G4)

Animals of this group received captopril at dose level equal 0.01 mg plus furosemide at dose level
equal 0.02 mg. Both drugs dissolved in 1 mL of sterilized water, for six days a week, for four
successive week, 1.e., the amimal received; 0.24 mg captopril/mouse plus 0.48 mg furosemide/mouse,
cumulative doses.

Group (G35)

Amimals of this group received captopril at dose level equal 0.23 mg plus furosemide at dose level
equal 0.02 mg. Both drugs dissolved in 1 mL of sterilized water. Animals received both drugs for six
days a week, for four successive weeks, i.e., the animal received, 5.52 mg captopril/mouse plus
0.48 mg furosemide/mouse, cumulative doses.

The number of deaths was recorded in each of the five groups as a result of treatment every day
while the body weight of each animal was recorded every week and the percentage of mortality was
calculated. At the end of experiment and 24 h after the last dose, mice were anaesthetized with
chloroform from control and experimental group and organs were fixed (2% glutaraldehyde phosphate
buffer) using perfusion techmque. After complete perfusion, animals were dissected and small picces
of, myocardium of the left ventricle, liver and renal cortex of kidney were postfixed in 2%
glutaraldehyde phosphate buffer for about 2 h at 4°C.

Pieces from the organs were then washed in 0.1 M phosphate buffer, fixedfor l hin 0.1 M
phosphate buffered 1% osmium tetroxide. Dehydration was carried out in ascending series of ethyl
alcohol, embedded in epon araldite mixture. An LKB ultramicrotome was used to cut ultra-thin
sections, were double stained with uranyl acetate and lead citrate and photographed using Joel 100 CX
clectron microscope.

Statistical Analysis

Mortality rate, body weight ;measurements of nuclei ;mitochondria and sarcomere are presented
as meanstSE .One way analysis of variance (ANOVA) was used to assess the significance of changes
obtained as a result of drugs treatment. Least significant difference (LSD) at 0.05, 0.01 level of
significance was applied to test the significance of difference between the two means.

RESULTS

Determination of Mortality Rate and Body Weight Loss

In the four experimental groups, quantitative results demonstrated a significant increase in
mortality rate than control. The highest mortality rate was recorded among animals of G3(Treated with
high captopril dose) and reached 32.2+3%. Animals of the remaining three experimental groups
(G2, G4 and G5) showed a lower mortality rate of 25.6+2, 13.3+£3 and 26.7+3%, respectively. In
parallel to the results of the mortality rate, body weight loss in animals of G3 was the highest among
all experimental groups and reached 7.6+0.3%. In the remaining three experimental groups (G2, G4 and
(G5) the body weight loss showed lower values of 4.4+0.4, 3.5+0.3 and 4.8+0.3%, respectively. All
the changes in body weight loss were statistically significant (Fig. 1a).

Ultrastructural Observations
Heart

In the control mice, all general aspects of cardiac muscle fiber morphology were evident
(Fig. 2a and b). Our morphometeric measurements revealed that the length of control sarcomere is
1.85+0.07 um (Fig. 1b). The sarcoplasm was distinguished at each pole of the nucleus perinuclear
sarcoplasm and filled the spaces between the myofibrils interfibrillar sarcoplasm. Sarcoplasm also,
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occupied a thin region between the sarcolemma and the nearest myofibril peripheral sarcoplasm
(Fig. 2b). The nuclei were centrally located, ovoid, swrrounded by corrugated nuclear envelope with
normal chromatin content and having either one or two prominent nucleoli (Fig. 2¢). The mean
nuclear length of the cardiac muscle of control animals was 13.44+1.16 pm and the muclear width was
2.27+0.2 pm (Fig. 1b). Mitochondria were distributed in rows between the myofibrils parallel to the

long axis

of muscle fibers (i.e., interfibrillar mitochondria), or concentrated near the poles of nuclei

(Fig. 2b, ¢) with a length of 0.94+0.1ym and a width of 1.10+0.11 pm (Fig. 1c).

Numerous ribosomes and few small elements of rough endoplasmic reticulum were also present
in the sarcoplasm near the micleus (Fig. 2b). The glycogen particles were found scattered throughout
muscle cell sarcoplasm and concentrated between myofibrils (Fig. 2a, b).

In low captopril dose treated group (G2), myofibrils with normal striation were observed,

however, a significant decrease in sarcomere length was determined. The nuclei appeared normal,
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Fig. la-d: (a) MeantSE of percentage values of body weight loss and mortality among various

experimental groups. G3 shows the highest mortality and loss of body weight and G4
shows the lowest body weight loss and mortality in comparison to control, (b):Mean+SE
of dimensions of myocardial sarcomere length (in pm) among various experimental groups.
(G3 shows the lowest significant decrease in sarcomere length, while G2 shows the highest
significant decrease in sarcomere length in comparison to control, © MeantSE of
dimensions of myocardial mitochondria among various experimental groups. G5 shows the
highest value of length and width of mitochondria, while G2 shows the lowest values. Note
that all values are insignificant and (d) MeantSE of dimension of myocardial nuclei among
various experimental groups. G5 shows the highest significant value in nuclear width, while
(2 shows the highest significant value of nuclear length in comparison to the control.
Histogram bars represent mean+SE for percentage of mortality rate, body weight loss,
sarcomere length of myocardium and dimensions of nuclei and mitochondria of
myocardium, hepatocyte and kidney renal cortex among various experimental groups.
Asterisks (*) indicate significant differences compared with controls (p< 0.05, 0.01)
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groups. G5 shows the highest sigmficant value in all dimensions (length and width) of
mitochondria, while G2 shows the lowest significant in comparison to control, (f)
MeantSE of dimensions of hepatocyte nuclei among various experimental groups. G5
shows the highest significant value in all dimensions (length and width), while G2 shows
the lowest significant decrease in length in comparison to control, (g) MeantSE of
dimensions of kidney nuclei among various experimental groups. G5 shows the highest
value of length, while G4 shows the highest width in comparison to control. Notice that all
values are insignificant and (h) Mean+SE of dimensions of typical and filamentous
mitochondria of kidney among various experimental groups. In all treated groups,
filamentous mitochondria shows a significant decrease in length in comparison to the
control except G 2. Histogram bars represent meantSE for percentage of mortality rate,
body weight loss, sarcomere length of myocardium and dimensions of nuclei and
mitochondria of myocardium, hepatocyte and kidney renal cortex among various
experimental groups. Asterisks (*) indicate significant differences compared with controls
(p<0.05, 0.01)

centrally located with more or less normal chromatin content. A significant decrease in length of the
nuclei (8.26+1.54 pm) as compared to the control was observed. However, insignificant decrease in
nmuclear width and mitochondrial dimensions were also demonstrated (Fig. 1b, c¢). In addition, an
increased number of mitochondria with different shapes and swollen mitochondria with light matrix
and disrupted cristac were also observed (Fig. 2d). Hypertrophied Golgi apparatus was observed in
the sarcoplasm near the nucleus. Glycogen granules were more frequently observed (Fig. 2d).

After high captopril dose (G3), normal striation appeared side by side to abnormal striation.
Significant decrease in sarcomere and nuclear length were observed (Fig. 1b). Most nuclei appeared
with abnormal outlines, marginated heterochromatin and abnormal condensed nucleoli. Small, ruptured
and vacuolized mitochondria accumulated near the sarcolernma, or scattered among the myofibrils were
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Fig. Zda-c: Electon nucrographs sectiors of morocardiam of albino Swiss mice. By—050y fxed,
uraryl acetate-lead cibrate stamed preparahiors, (a) Cowmbrol (GI). Showine altemshing
bands: dark band (4); Light band (1), Hote also that Iband is bisected by Z-live (Z); the
pale area Hband (H) fourd mncerter of &-band ard bisected by M-line (M), desos comes
[D; glyoogen (), (b1 Contol (51, Demorstrating myofibrils, with normal cegamzation
Abard (40, Thand (T), Z-hre (Z). Hote the penpheral saveoplasm (armwesr ) comtaimng
mitochomdna (0, glyoogen () nerve termanal f) and (o) Combrol (1) Showing
rnommal cxganized norofibrils rmelens () samonnded writh normal mclear ervelope (He,
nutochomd na () with urnifoerm dexs e mabris, blood vessel (B



Asian J. (Cell Bial, 3¢} 1-21 2008

Fig. 24-f Electron nucrogiapks sectiors of norocardiam of albing Swiss moce. BG—0s0y fxed,
uraryl acetate-lkad cibate staned preparatioms, (d) Loar dose captopnl (52). Showing
norofbals (M) with mdishret & and I-bands, 2 Z-lme, glyoogen(g); saraolenthna (31,
blood vessel (B, miochondna (m) are subsawolenonal amd arranzed m betaeen the
norofibrils, (e] High dose captopril (G35) Showing mckus (M) of cadiac cell with
ahnoernal maclear envelope; derse miclechis (Hul; [bands are indishnet; dstmet Z-hne
[Z); discrzammed notochomdria (wi), with darmage cnstas (awows), sarcoplasm Gpl
Hete: Galgi apparatas (), glyeogen (2], T-abales (T and (£ Highdose captopnl (G530
Showrmg part of cardiac cell that reveal distinet Z-line (Z);, megandtochondria (xy), with
damage costae; mercalated diskwith f6lding like desommosires (1Y)
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Fiz. 2g-k: Electron micrographs sections of myocardinm of albing Swiss mice. F )5, — G0, fixed,
uranyl acetate-Lead citrate stained peeparations, (z) Low captopril dose and froseraide
(G4, &ltered rauscle cells showing naclens with highly comugated ereelope (Hed and an
increase in the nureber of noclecli (M), Vacuoles (V), distapted mitochondria (r,
sarcolerana (51, Golzi apparatus (3, thick Z-line (5, (k) High captopei] dose and
furoseride (G3). Showing severelydarnage mwofibrils (M), nuclews (M) with predoroinate
heterochromatin (He) and rumber of rocleoli (arrows). Motice also abnommal nuclear
divigion (head arrow)

chserved with darage cristae and lizht matrie (Fiz. 2e). Megamitochondria, with irvegular arranged
cristae and vacuolated mativ were frequently obserced (Fiz. 2f). The Golzi elernents appeared
brpertrophied and an increase in glyoogen particles wasalso noticed (Fiz. 2e).

Loow captopeil dose and furosemide treatroent (G4 induced alteration of rofibrils cross
striations, significant decrease of sarcornere and ruclear length (Fig. 1b, d), nuclear division and
increased mornber of racleoli (Fig. 22, At miion in maitoc hondrial morphology, distibuation, muaber
and dirensions, hyperboptded Golgl wesicles and moderate araount of ghwogen were evident.
Ruptared and irvegular sarcolerona and marked increase in the size and nurber of lipid drople ts in
sorne rmouscle myncardinm were clearly observed (Fiz. 220
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High captopril dose and furosemide treatment (G5) induced significant increase in width of nuclei
(Fig. 1d). Most mitochondria were oval or spherical in shape with destructed cristae and vacuolated
matrix. A decrease in glycogen particles and ribosome granules and irregular ruptured sacrolemma were
also observed (Fig. 2h).

In all studied groups, no significant change in mitochondrial dimensions than control was observed

(Fig. 1¢).

Liver

In the control mice, all general aspects of liver were observed. It consists of two major cell types,
parenchymal cell (hepatocytes) and non-parenchymal cells including Kupffer cells and endothelial cells
(Fig. 3a). The hepatocytes appeared with polygonal outline and central round large muclel with an
average of 6.00+0.33 um length and 6.16+0.42 pm width (Fig. 11f).

The hepatocytes cytoplasm are full with abundant round or ovoid mitochondria, with an average
0f 0.66+0.05 pm length and 0.54+0.04 pm width (Fig. 1¢), Golgi apparatus, rER and sER , lysosome,
microbodies and dense aggregates of glycogen rosettes (Fig. 3a).

Discontinous fenestrated endothelial cells of blood sinusoids are basal lamina—free and they are
separated from hepatocytes by the space of Disse and their wall possess the phagocytic spindle-
shaped Kupffer cell with many processes and large oval or triangular nuclei with an average of 4.33 um
length and 2.00 pm width (Fig. 3b).

In low dose captopril treated group (G2), hepatocytes showed many altered and pyknotic nuclei,
with irregular nuclear envelopes and dilated pores (Fig. 3¢). The nuclear dimensions showed significant
decrease than control (Fig. 1f). The mitochondria exhibited obvious structural changes, such as
disorganization, rupture and disappearance of cristae (Fig. 3¢). A significant increase in mitochondrial
width was detected in this group (Fig. 1¢). In addition, the amount of glycogen granules was simmilarly
increased. Hypertrophied Kupffer cells with vacuolated cytoplasm and large abnormal nuclei were also
observed with a mean nuclear length of 4.47 um and width of 2.72 pm, respectively (Fig. 3c¢).

Liver of high captopril dose treated mice (G3) showed enlarged hepatocytes with cyvtoplasmic
vacuolar degeneration and aggregated dense mitochondria. Mitochondria tended to be oval, elongated,
slipper or bizarre shape with fragmented disrupted cristae. Also, the nuclei showed decreased
heterochromatin content and an increased number and abnormal segregated, marginated nucleoli
(Fig. 3d). In severely affected hepatocytes, rTER with loss of ribosomes from their surface were
observed. Dilated space of Disse, into which fragmented microvilli projected from the adjacent
hepatocyte surface and dilated hepatic sinusoids with hypertrophied necrotic sinusoidal lining cells
were observed. There was an increase in the Kupffer cells dimensions than control (an average length
of 5.90 pm and an average width of 2.45 pm) (Fig. 3e).

In low captopril dose and furosemide treated group (G4), hepatocytes appeared swollen,
vacuolated with prominent destroyed muclei. Few nuclei exhibited marked segregation of their
components suggesting their lysis (Fig. 3f), with almost no change in nuclear measurements (Fig. 1f).
Mitochondria appeared as either oval or elongated dense clumped bodies, with complete absence of
internal structures (Fig. 31). Complete disappearance or fragmentation of tER, fluctuation in glycogen
content and accunmlation of moderate lipid droplets were observed. The space of Disse was slightly
dilated and the microvilli were fragmented and elongated. Kupffer cells were hypertrophied with an
irregular surface .Their muclei were pyknotic, with predominant heterochromatin (Fig. 3g).

In high captopril dose and furosemide treated group (G5), large, spherical nuclel with slightly
irregular nuclear envelope and increased number of nucleoli were seen and the muclear dimensions
increasad significantly than control (Fig. 11). In addition to normal mitochondria, enlarged mitochondria
with damaged cristac and dense matrnix were also observed (Fig. 3h). The mitochondrial dimension
showed a significant increase than controls (Fig. 1e). Degenerated rER, devoid of ribosomes and
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Fig. Sac: EM sections of ver of albine Svwriss noce. Vasmilar perfisionwith ghbraldbde, uraryl
aretate-lead civate staived preparations, [ a) C cetral (510, S horing lrpaboyte with lage
ceptie melens (M with baro compact mmaclechis, the heteroclpomatn (He) coous 1n
small iregular changs adjacent to maclear ervelope (Me) ard aroand micechis. Hote also
the micleay potes [amwoars) ; mmarverans ward or ovalshaped mibchondna (). Hote also
the heavily stained 1EE partially encircling the nubbchondna, (b)) Conbel (G0, Showing
Enpfer cell (Ee), with angualar miclens (M); blood sumsoid (Bs). Note spscidal
sutare of hepatocyes wih its mumerons mregular nucrovilli fv);, space of Disse
[axroer);, rncmbodies (Wb, glyeozen (2], EE; rbos coves (F) ard (2] Loar dese captopnl
[GIN. Showing a mnber of hepatocytes with rearly normal macler (black M)
nutockomdria (m)], with destracted cnstae and enveloped by rER; mcwased glyeogen
particles (2], Eupffer cell with vamolited cytoplasm (anowers) and abnonmal mick:
farlute M
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Fig. 34 EM Sections of hver of albing Swiss nuce. Vasoular perfission with ghbraldhyde, nanyl
acetate-lead mtrate staived preparations, (d)) High dose captopnl (53], Showing maclei (M)
with sbnormal (necenplete) division, meresed mumber of mecleoll fa);, segregated
mclecli (head arows), meclear envelope (Me) wih mwonerons dilted miclear pomes
[arzoners ), mutochondria (w) with damage cnstae and wamiclated oytoplasm;, flasmetad
rER; inceased rbosomes, (2] High dose captopnl (G3). Showmg comgested blood
sumscad (Bsl, abnosmal blood cells (BEC), hyperboplied liarng sumsoidal cells wath
hypertophied melei(Ee Ec). Hote also a Eupfier cell (Eolwith its cytoplasnie processes
[arzoners) and tiamgularshaped lavge miclens (M) destucked cyvtoplasm (star] and (f) Loar
dose captoreil and fioosennde (4], Ilhstrating hiz bt Le) and dark (De) hepatocytes . Haote
meler (M) vath abnommal oatline and predonunate enclwormating abncemal stmsoidal eell
[arrw)
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Fig. 3z-k: EM Sections of Iiver of alhing Swiss rice. Vasoular perfusion with glutaraldbwede ; nransd
acetate-lead citrate staived preparations, (g) Low dose captopril and firoseraide (G,
Showing hoypertoplded Fupffer cell (Fe) with altered cswtoplasin; mcleus (M) with
predorinate heterochroratin (He); dilated space of Disse (D), damaged microvilli (Tvke),
glwczen (), mitochondria (), (ky Highdose captopil and foroserndde (G35). Showing part
of mclens (M), segregated nucleolus (M), destucted or dilated 1ER. in some region,
mitochondria (o) with indistinet details, glveogen (2); microvilli (IvE)

increased glyrogen rossttes wete pronowrced (Fiz. 3k, Insore hepatocites, extensive dilation of tER,
bile canaliculi hepatic sirmsoids with abnommal sirsoidal lining cells were detected. Ivibst Kupffer
cells” nuclel appeared with a bizarre shape and predominant heterochrornating

Eidney

&1 the nonnal features of the mice renal cortex were ohserved in the control group (Figs. da-ch.
Control Kdnesy corex resealed that the glomenii are corposed of capillary loogs whichare lined with
a thin layer of flatteried endothelial cells that rest on gloree nidar basement merbrane. The capillaries
of the glormerilus are supported bey mesangial cells which cortain a small denee Iy stained roclens and
dense: cytoplasia. The wisceral laver which is composed of epithelial cells, called podocstes,
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has large nuclei and long cytoplasmic extensions called primary processes arised from the cell body.
Proximal convoluted tubule cells were cuboidal with large, spherical, centrally or basaly located nuclei
and prominent nucleoli. Moreover, basal plasma membrane exhibits numerous infoldings and extends
deeply within the cell. The mitochondria are elongate and rod shaped with organized distribution. A
poorly developed granular endoplasmic reticulum were observed, the Golgi apparatus appeared well
developed, lying near the nucleus (Fig. 4a). Distal convoluted tubule cells appeared cuboidal, with
apical spherical nuclei and a few, short apical microvilli. Mitochondria were smaller and basal
infoldings were more developed than those of proximal tubule cells (Fig. 4b).

The collecting duct composed of two major types of cells, principal light cells and intercalated
cells dark cells. The principal cell is the most numerous cell type and characterized by short microvilli,
few mitochondria and centrally located spherical micleus, complex basolateral membrane with short
interdigitating infoldings. The dark cells have many mitochondria located around the nueleus and more
elongated microvilli, whereas the basolateral membrane is less intricate than that of the principal cells.

In the present study nuclei of renal tubules appeared with mean length of 4.98+0.22 pum and
width of 5.19+0.29 um (Fig. 1g) and mitochondrial length 0.70+0.05 um and width was found to be
0.65+0.05 um ,while the mitochondrial length of filamentous mitochondria was 2.30+£0.05 um and
width was found to be 0.4940.05 um (Fig. 1h).

Low captopril dose treated group (G2) showed that only few renal tubules were pathologically
altered. The alterations were more obvious in distal convoluted tubules than in the proximal. The nuclei
in distal convoluted tubular cells appeared large, with irregular outline. Nuclear envelope of such nuelel
appeared with dilated nuclear pores and an increase in the heterochromatin content. The nucleoli were
absent. Vacuolated cytoplasm was a prominent feature in both proximal and distal convoluted tubular
cells. Mitochondrial structure alterations and thickened basal lamina were more pronounced in case of
proximal convoluted tubular cells (Fig. 4d and ). In such cells, pleomorphic disorganized mitochondria
were detected, while in distal convoluted tubular cells, some mitochondria appeared normal while
others were disrupted.

Animals of high captopril dose (G3), revealed destructed glomerular endothelial cells that
appeared with irregular miclei and destructed cytoplasm. Some processes of visceral cells appeared
hypertrophied and mesangial cells with irregular nuclei were observed, in addition to obvious thickened
basement membrane (Fig. 4f). Lysosomes of proximal convoluted tubular cells were more frequently
increased and showed prominent variation in electron density. The basal infoldings appeared destructed
and disorgamized. Nuclei of distal convoluted tubule cells showed clumps of marginated
heterochromatin (Fig. 4g). Moreover pyknotic nuclei and Pleomorphic and myelinated mitochondria
aggregated at the basal side of the cell were frequently observed (Fig. 4g, h). Many cells displayed
clongated fragmented and destructed microvilli. Filamentous mitochondria showed a significant decrease
in length than normal (Fig. 1h). Collecting duct cells exhibited vacuolated cytoplasm, swollen
mitochondria with vesicular cristae and fragmented rER .

The glomeruli of animals of low captopril dose and furosemide treated group (G4) displayed
ultrastructural alterations resembling those observed in the previously mentioned treated group (G3).
Nuclei of mesangial cell were hypertrophied and fused foot processes were also seen. The epithelial
cells of destructed tubules were severely damaged so that their contents were mixed and their lumina
appeared to contain cellular debris. Mitochondria of different sizes and shape were disorgamzed and
destructed mitochondria were frequently observed (Fig. 4)

Examination of electron microscopic preparation of G5 revealed that most of the renal corpuscles
and renal tubules were affected. Trregular congested blood capillaries displayed hypertrophied
endothelial cells, with large nuclel and destructed vacuolated cytoplasm was observed. Also, mesangial
cells revealed irregular shaped mclei and destructed pale stained cytoplasm. Moreover, the visceral
epithelial cells appeared with no definite intact organelles. However, the nuclei were the only intact
structure. Also, hypertrophied and fiised podocyte processes were commonly observed.
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Fig. d4a-c: EM. Crws sectorws of mral corbex of albing Swiss nuce. vasoular perfision with
ghitaraldbned fined , urared acetate-lead crbate stared preparabions. [a): Conbol (L) Paxt
of proecomal tabule with nonnal lavge sphencal, basally located mclens (M) and normal
clrormatin comtert; mrmerns well orpaued notochondna (), brash border rimvenll
[Eb), lysosomes L), vamoles (V). Basemernt menbrare (Em) exhbits nmumeins
witlding (awows). (b): Combol (5L, Pat of distal convobated tabule, showang apral
sphencal miclei (M), with nonmal chiomatin dis tibo foer, itoc hondria (), hven (L.
Hete: short nucrowilh (M) (2] Contol (GI). Showme park of wnal corpascle. Hote:
partetal epathelmm (Fe), unnany space (star], viscerml epithelmm (Ve) with podocytes
[arroar), endothelial cell (Eq), glomemla basermert menbrare (head arosr], capillay
loops (T, mesangial cell (bla)
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Fiz. 4d-f EM cwoss sechors of remal comex of albino Swiss noce. vascular perfision with
ghitaraldlyd fied, wramd acetate-lead cibeate stamed prparaboms, (d) Loar dose
captopnl (2], Basal part of prosamal tibular cell with shightly thickened basement
menbrane (Bm), discrganzed, basal membrane ndoldmgs [arows), severly altered
nutochomdna () rhosomes (), (&) Loar dose captopeil (G Showring apical part of
prozinal convobited cell. Hote part of micleus (), with nomnal duomatin distbuton,
chviors mclelms (Mu), small Golz wesiclss (), numeras fiee nhosomes (B
dis cop artimed mibchondria (m], showing marey self duplication (awow’l, Descrmosome
(D, extoplasnde bodies (Ch) ard () High dose captopeil (G3). Showing part of wnal
corpascle. Hote the capillaries with destucted endothelial cell (Ec); visceral cells (Ve
with lazze rmaclans (M 1with a parhal fission of foot proces ses (star) which form a sheet of
epithelial cytoplsm that covers the extemal snface of the b amnent menb e (Fm)
whnch is siznificartly thickerned . These faatiies accenparer pathological condibions . Maote
also mes angial cells (o) with inegular outlive mclel (arrows), compressed w=d blood
cell (Fhe)

15



Asian J. Celf Biol, 3 (1) 1-21, 2008

Fiz. 4z-b: EM Cross sections of remal cortex of abino Swiss mice. vastular perfusion with
glutaraldboed fiwed, urared acetate-lead citrate stained preparations, (g) High dose captopril
(33). Showing part of distal corsroluted tiubule cells. Mucled (M), note marked difference s
in roclear size. The peripherally rarsinated he teroc hroraatin predominates i the nuclens
giving a charac teristic density of the grazed roucleus; inferstitial cell (head amow), Lumen
(L, Fleomorphic mitochondria (i) azgresated at basal part. Mote the decrease in the
raraber of mitochondda, (4 Highdose capopedl (G3). Showing tao adjacent cells of distal
corroluted tubule. Mote cell with nearly norrnal nuclens (M) and other with pednotic
rclens (M,); Mote slightly irve zular late ral rerabrane (Lin), destructed mitochondria (za)
with focal separation of the outer and inmer rdtochondrial merbranes, cavitations of the
tattix; vacuoles contain myelin (arrooers)

Proximal cormvoluted tidbmles were observed with destucted macovilli and infolded hasal
rnerebrane. Irregular thickene d baserne nt rerobrate was also recograzed. Distal corvroluted tibules
appeared hypertrophied and displayed large elongated nucled, with iregular nuclear ereeelope.
Epithe lial cells of collectirg duct appeared swollen with deste ted basal infoldings. Ivitoe horidria with
indistinet were fequently observed (Fiz. 4. The mean length of fllamertons mitochondria decreased
significantly than control (Fig. 1k,
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Fiz. 4i-j: EWICross sections of renal cortex of albing Swiss tnice. vasclar perfusion with glutaraldhyd
fized, nransl acetate-lead citrate staived preparations, (I) Low dose captopril and furosernide
(34 Showing severely danaged part of distal corsoluted tubule. Mote, less dense,
vacuolated cytoplastn, nucled (M) with abnorroal cloornatin distribation; necrotic cell with
phmotic rmeleus Chead anow); decrease and shorening of basal inflodings (arvows), most
of the mitochondria (n) have fragmented, disorganized greatly deforeed at the base and
apiral region. Mote also, inferstitial cell with margination of choormating apparently a step in
the desweloprnent of pyknosis (asterisk), () High dose captopr] and farosernide (G3).
Showing parts of collecting duct cells. HNote swollen epithelinrn with destmcted basal
roerebrans indoldivgs (F); abnomnal raitochondia (o), with dense electron dense matrix and
indistinct cristae; increased Golzi zones (&), widened intercellular space (arrow),
e amosoraes (D0 narvow Tntnen (L)

DISCUSSION
The present irve stigation was canded out to exaraine the roe chardsm of action that could possibly

be correlated with the side effects and the exact cause of damage of three major target organs (heart,
Irver and kidrey), produced as a result of the antibopertersve, captopril, drg adrdnistration.
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It was found that treatment with captopril resulted in a significant decrease in body weight gain
than in normal untreated control, this decrease was dose dependent. Furthermore, it was found that
the decrease in body weight in animals treated with captopril alone was greater than the decrease in
body weight of animals treated with captopril and furosemide. This could be due to the interaction
between furosemide and captopril. Similar observation was described by Squadrito ef af. (1992), who
studied the effect of a daily oral administration of captopril (100 mg kg™, on the development of
functional and morphological alterations induced in rats by single injection (7.5 mg kg™) of adriamycin.
However, Cavanagh er e, (1997) studied the effect of captopril on mice reported that treatment with
captopril at a dose level of 50 mg L™ of drinking water for 11 weeks had no effect on their body
weight of the mice.

Significant increase in mortality rate among albino Swiss mice was recorded during this experiment
after captopril administration (either at low dose or high dose). On the other hand, administration of
low captopril dose and firosemide resulted in nearly normal mortality rate as they recorded in the
control group. However, furosemide when administrated along with captopril at a high dose decreased
the rate of mortality as compared to the group treated with captopril at a high dose alone. However,
the mortality rate was still significantly higher than that in the control group. We believe that both
captopril and furosemide are drugs that affect mortality. But for some reasons, when both are
administrated at the same time and due to their interaction, the mortality rate changed.

These findings were consistent with those of Leor ef al. (1994) who reported that captopril at
dose level 100 mg kg™', administrated thirty minutes before myocardial damage, failed to improve the
survival of rats with acute myocardial infraction. This conception was supported also by Lopez et al.
(1996) who studied the metabolic effect of the combination of furosemide and captopril in rat and they
suggested that the furosemide/captopril combination is a rational choice for hypertension treatment.

Concerning cardiac muscles, morphometric results of the present study showed that the
sarcomere length significantly decreased after antihypertensive drug administration as compared to the
corresponding control, an evidence that indicates alteration in contractile ability. This finding is in
agreement with Hu ef af. (1990) who demonstrated that administration of captopril at a dose level of
1 mg mL~" in drinking water for 4-6 weeks reduced or prevented ventrical dilation in rats and Candia
Carnevali and Saita (1975) who showed that the length of sarcomere is the most important parameter,
of assessing the contractile capacity of any muscle and is a better indicator of the ability of the muscle
to maintain protracted tension. Washed striation, disorganized myofibrils, irregular or ruptured
sarcolemma were observed in myocardium of all treated animals in the current study. All of these
changes may lead to loss of myofibrils, as described previously by Ghadially (1997).

In addition, the results of the present study are in agreement with those of Vulpis ef af. (1994,
1995), who studied the effect of ACEI on ultrastructure of myocardium of normotensive rats. They
observed disarranged myofibrils that were obliquely oriented and smaller than normal, with areas of
electron-transparent sarcoplasm separating the myofibril bundles.

During this study, the mitochondria increased dramatically in the myocardium of albino Swiss
mice, treated with captopril or captopril with furosemide. The mechanism whereby ACE inhibition
leads to increased cellular mitochondria is unknown.

In the present study, giant mitochondrial profiles (megamitochondria) with light configuration
were observed in cardiac muscles of ammals after administering high captopril dose or high captopril
dose with furosemide, a fact that express failure of furosemide to inhibit the alteration induced by
captopril admimstration.

Powers et al. (1982) reported that initial captopril administration produced a decrease in coronary
blood flow that was related to a decrease in myocardial oxygen requirements. They added that the
presence of oxygen was necessary for respiration and glycolysis, which could explain the presence or
accumulation of large quantities of glycogen, in the sarcoplasm of amimals that received high captopril
dose and high captopril dose with furosemide.
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The liver is the center of detoxifying and eliminating the toxic substances that are carried to it via
the blood. So, itis umquely exposed to a wide variety of exogenous and endogenous products, which
include environmental chemicals and toxins (Wight, 1982).

The present results clearly show that the liver tissues responded markedly to the effect of the
antihypertensive drug used. Alterations of nuclei dimensions were observed in hepatocytes of treated
animals. Enlargement, margination and irregularity of shape and increased number of nucleoli were
observed in hepatocytes of treated animals, an observation similar to that in case of malignancy
(Ghadially, 1997).

In this study also, furosemide treated groups showed several alteration in mitochondria of
hepatocytes which more or less resemble those produced by low or high captopril dose administration,
i.e., furosemide failed to inhibit mitochondrial changes induced by captopril. Present findings are
supported by those Klouchek and Popov (1989) who studied the effect of furosemide at a dose level
of 300 mg kg~ on rat liver where they reported that firosemide produced hepatic toxicity. It was also
found that the rER in hepatocytes of treated amimals appeared damaged or dilated. Some of them
appeared completely devoid of the ribosomes. Many studies indicate that the endoplasmic reticulum
is a dynamic labile organelle which can readily undergo ecither hypertrophy or atrophy and there
changes usually reflect a state of altered functional activity (Ghadially, 1997).

Many pathological alterations were observed in kidney preparations of treated ammals. Distal
convoluted tubules in all treated groups were more affected than proximal convoluted tubules. A
relationship between the action of drugs used and the function of these tubules could be suggested.
This agrees with the finding of Ahmed et af. (1992) who studied the effect of naproxen on the kidney
of albino rats.

It was also observed that captopril or captopril with firosemide induced many alterations in renal
corpuscles. These changes include Bowman’s space which appeared nearly normal in animals treated
with low captopril dose, obliterated in animals treated with high captopril dose and dilated in animals
treated with captopril and furosemide. Similar to our findings, Sakr (1995) observed dilation of the
blood capillaries after administration of captopril at a dose level of 60 mg kg ~* for one, two and three
month in the kidney of mice. Hypertrophied and fused foot processes of podocytes were noticed after
using captopril and captopril with firosemide. This is in agreement with Case ef af. {(1980) who noticed
that there is an association of proteinuria with captopril treatment in human after administration of
captopril in doses ranging from 75 to 600 mg day~" at periods of 4 to 28 months. They also evaluated
the possible nephrotoxic side effect of this drug. Therefore, nephrotoxicity of this drug must be
weighed against the possible clinical benefit.

It could be concluded that, the marginated chromatin observed in treated ammals is a constant
precursor of pyknosis in epithelial, endothelial and mesangial nuclei. Even after the nucleus shrinkage
the chromatin granules usually remain clumped at the periphery, thus confirming Cook e af. {1965)
who studied the changes in renal glomeruli during autolysis. Moreover, migration of the miclei of
proximal convoluted tubules cells and distal convoluted tubules cells towards the lumen was a
prominent feature in treated specimen and thus is attributed to the effect of the drugs used (captopril
and furosernide). This was previously suggested in abnormal circumstances such as osmotic nephrosis
(More and Crowson, 1955). Concerning the mitochondria observed in basal part of renal tubular cells,
they displayed destructed cristac as well as ruptured membrane. The widening and destruction of basal
membrane infolding present in renal tubular cells could be the cause for the disturbance of the basal
mitochondrial shape and arrangement. Such renal alterations probably induced acute renal failure as
reported by Ponraj and Gopalakrishakone (1997) who studied the renal lesions in rhabdomyolysis
caused by Pesedoechis australis snake myotoxin.

Moreover, the present results showed a significant decrease in the length of filamentous
mitochondria in renal tubules of G3, G4 and G5. This decreases the energy production and thus lowers
the efficiency of tubules reabsorption. Micotubules and filamentous mitochondria form together
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complex reticula (networks) radiating from the centrosome, which have been observed in cell cultures
of neurons and rat kidney cells. Filamentous mitochondrial structures may sigmfy a functional
connection between the plasma membrane, the pool of separate mitochondria and mitochondrial
clusters (Bereiter-Hahn, 1990; Bereiter-Hahn and Véth, 1994).

In conclusion, captopril administration at low and high dose induced cyto-pathological alterations
in myocardial tissue, liver and kidney at the ultrastructural level in experimental mice. Administration
of furosemide inhibited both the decrease in body weight loss and mortality rate induced by the
admimistration of captopril alone, but it failed to inhibit the cyto-pathological alterations.
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