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INTRODUCTION 

A wide variety of substances taken into the human body can affect the fetal out- 
come adversely. Of considerable interest among these substances are caffeine, nico- 
tine and alcohol. Caffeine, in particular, seems to be the most commonly used since 
i t  is present in a number of dietry sources for example lea, coffee, cocoa, beverages, 

chocolate bars and soft drinks (FredhoIm et al., 1999). Caffeine has also received 

recently more attention as a model drug of abuse (Hughes et al., 1998). 
A survey of the literature clarified that caffeirie could altw fetal development 

and induce hematomas in the yolk sac as well as dysmorphogenesis in forelimb and 
Rindlimb buds (Iwase et al., 1994). Early exposure to caffeine during pregnancy can 
also increase the brain excitability (Guillet and Dunhnm, 1995). 

Most studies concerned with the effects of caffeine on the cardiovascular sys- 
tem have concentrated mainly on the physiological effects and to a lesser extent on 

the gross morphological changes with marked discrepancy and controverted results. 
Few studies claimed that there was no association between caffeine consumption 

and the cardiovascular congenital anomalies apart from few hernangiomas (Shai- 
Linin et al., 1982). On the other hand, Matsuka et al. (1987) noticed that caffeine 

was n potent inducer of ventricular septa1 defects. Moreover, Miller et al. (1994) and 
Miller et ul. (1997) stated that there was an accelerated maternal and fetal heart rates 

with increased fetal aortic peak velocity following caffcine intake. 

Up to our knowledge, little data exist about the ultrastructural changes induced 
by prenatal intake of caffeine. Reviewing the literature revealed that the etiology of 
the action of caffeine was still obscure, and various theories had been hypothesized. 
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Itwas postulated that the damaging effects of caffeine were attributed either to the

release of cytosolic proteins (Harding and Duncan, 1996), or to the release of cal

cium (Xu and Meissner, 1998; Cavagna et al, 2000).

Recently, it is postulated that the membrane stabilizers can inhibit the release of

cytosolic proteins (Harding and Duncan, 1996). Lidocaine, as a membrane stabiliz

er, is progressively used nowadays in treatment of ventricular arrhythmias and post

operative patients in intensive care units or those who have recent myocardial infarc

tion (Harding and Duncan, 1996).

Accordingly, it was the first aim of the present ~ork to illustrate the myocardial

structure after the administration of caffeine using the chick embryo as an experi

mental model. Furthermore, there was an attempt to estimate the role of lidocaine in

abolishing the damaging effects of caffeine by mimicking the role of the cytosolic

proteins on the myocardium.

MATERIAL AND METHODS

Ninety fertilized leghorn eggs were used in the present study. They were divid

ed into three groups, thirty eggs each. The start of incubation was pointed out as day

one.

Group I:

Twenty five eggs were instilled with three divided doses of caffeine each of

which consisted of 1 ml of 0.25 mg / ml of 0.15 M NaCl. The doses were given on

the 5th , 10th and 15th days of incubation respectively with a total dose of 0.75 mg caf

feine. Each dose was assumed to represent about 250 mg of caffeine in a human

weighing 70 kg and that corresponded to an average intake of three cups of coffee

per day (Ferdholm et al., 1999). Five eggs were instilled with I ml of 0.15 M Nael

on the same days and their embryos were used as controls for the first group.

Group II:

Twenty five eggs were instilled with three divided doses of caffeine. Each dose

was 1 ml of 0.5 mg / ml of 0.15 M NaCl. The doses were given on the 5th , 10th and

15th days of incubation with a total dose of 1.5 mg caffeine. Each dose was assumed

to represent 500 mg of caffeine in a human weighing 70 kg and that corresponded to

a high daily consumption (Ferdholm et al., 1999). Five eggs were instilled with 1
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ml of 0.15 M Nael on the same days and their embryos were used as controls for the

second group.

Group III:
Twenty five eggs were instilled with three divided doses of caffeine. Each dose

was 1 ml of 0.5 mg / ml of 0.15 M NaCl simultaneously with 0.2 ml of Lidocaine

2% on the 51h, 10th and 15th days of incubation respectively. Five eggs were instilled

with 1.2 ml of 0.15 M NaCl on the same days and their embryos were used as con

trols for the third group.

Mode of instillation :

The eggs were incubated in an electric incubator under adjusted temperature

(350 ± O.S°C) and proper humidity and were rotated manually on daily basis. On the

selected days of instillation, the solutions were deposited slowly and drop-wise into

the air space through a manually performed drill at the broad end of the egg. After

instillation, the hole was scaled by white cement and the eggs were reincubated

(Person, 1983).

Tissue Preparation:

All eggs were opened on the ZOln day and the embryos were extracted. Only vi

able embryos were selected and their hearts were immediately excised. For light mi

croscopic examinations, specimens were fixed in 10% formol-saline and processed

to paraffin blocks. Sections were cut at 5 urn in thickness and stained with haema

toxylin and eosin.

Other specimens were cut into small pieces 1 mm in diameter, fixed in 4% glu

taraldelyde and processed for electron microscopic examination. Semithin sections

were stained with toluidine blue, whereas ultrathin sections were stained with uranyl

acetate and lead citrate and examined and photographed under Philips 400 TEM.

RESULTS

The control groups:
Light microscopic examination of the cardiac muscle of chick embryos of all

the control groups showed that the cardiac muscle formed a continuous network of

elongated bands of muscle fibers with interposed oval nuclei (Fig. 1).
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The ultrastructural examination revealed that the cardiac muscle fibers were

surrounded by distinct sarcolemmal membrane and exhibited a prominent pattern of

cross striations (Figs. 2, 3). The Z-lincs were the most electron dense bands dividing

the myofibrils into sarcomeres. Within thesarcomcres, the A-bands were bisected

by broad light H-bands which were further bisected by dark M-lines (Figs. 2, 3). The

sarcomeres were separated by sarcoplasm containing euochrornatic nuclei and rows

of elongated mitochondria with abundant closely-packed cristea, lace like sarcoplas

mic reticulum and few glycogen granules were also seen (Figs. 2, 3,4). The cell

junctions were defined by intercalated discs and the dcsmosmes appeared in a less

frequent manner (Figs. 3, 5).

Group I:

Light microscopic examination of the cardiac muscle of chick embryos of first

group, which received a total dose of 0.75 mg caffeine divided on three successive

instillations, showed that the cardiac muscle manifested few focal areas with partial

separation of the adjacent cardiac muscle fibers (Fig. 6). Eosinophilic homogeneous

ly-stained patches with adherent nuclei and areas of mononuclear cellular infiltration

were frequently encountered (Figs. 6, 7).

Ultrastructural examination clarified that the sarcolemmal membrane and the

intercalated discs were intact (Figs. 8, 9). The striations of the cardiac muscle were

generally preserved, yet few Z-lines were distorted and blurred (Fig. 8). Occasional

ly small localized areas of loss striations were noticed (Fig. 10). The mitochondria

displayed various degrees of degeneration. Some mitochondria were swollen and

suffered partial or complete loss of cristea (Fig. 11). Others were dense pleomorphic

in shape and infiltrated the areas with lost striations (Fig. 10). Glycogen granules

were prominent and often formed aggregated rosettes (Fig. 11).

Group II:
Examination of the cariac muscle of chick embryos of group II, which received

a total dose of 1.5 mg caffeine divide on three successive instillations, showed

marked distorted arrangement and widening of the adjacent cardiac muscle fibers

(Fig. 12). The cardiac muscle exhibited characteristic alteration in shape which

could bedistinguished either as marked thinning or extreme clumping (Fig. 13). Fat

ty cellular infiltration and pyknotic nuclei were frequently observed (Fig. 13).

The ultrastructural examinations demonstrated that the cardiac muscle was

severely damaged and the myofibrils showed marked disintegration and dissolution
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resulti~~g in wide areas of loss of stnat~ons. The interrupted areas werc infiltrated by 

randomly disposed irregular vacuoles, myelin-like f~gures and delisc pleomorphic 
mitochondria (Fig. 14). Other areas with icss cvidc~it loss of striations and o~sorgani- 

zntiori wex infil~atcd by rlumcrous fdt droplets :uld aggregates of densc m~tochon 
drill (Fig. 15). The sm~colcmmal membr;lnc was highly foided and indisi~nct (FI;. 
16). Mukcd proliferation of s:ucoplannn~c rei~culum was rboticcd. It exhibited 1 Inger- 

print appcwnce with fcw inlcrpscu vacuoics (Fig. 17). 

Group 111 : 

Examination of the cardlac muscle oT chick embryos of group III, which re- 

ceived a total dose of 1.5 mg of cal'fc~ne associated with 0.6 ml 1idocail)e on threc 

successivc instillations, showed that the cardiac rnuscle had a preserved architecture 
formirig a cor~tinuous ciongated llctworlc of musclc frbcrs (Fig. 18). Howevcr, some 

liuclc~ wcre dense, highly hasophll~c aid adherent together (Fig. 18). 

The ullrastructurai examrrtaiicxls revealed the integrity of thc sa~colemmal 

membmnc, with preservation ol intcrcalaled discs (Fig. 19). Although rnost of the 
myol'ibrils exhibited d~stir~ct sb.iations, yet areas with loss of stl-iations werc still en- 

coulitered and infiltrated by bizarre vacuoles (Fig. 19). Structural changes werc no- 

ticed also in thc mitocholldria in the fonn of partial loss of cristen (Figs. 19, 20). 

Large macrophagcs were observed interposed between the rnyofibrils, corltai~ling 
numerous pro~nirlent lysosomes, mull~ple vacuoles and degenerated mitochondria 

(Fig. 20). 
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(Hx. & E.; x 400)

Fig. (1) : A photomicrograph of cardiac muscle of chick embryo of t~e control
group showing a continuous network of elongated bands cf muscle fibers and
oval nuclei (n),

Fig. (2) : An electromicrograph of cardiac muscle of chick embryo of the con
trol group showing sarcolemmal membrane (s) and prominent Z lines (z),light
H bands (1)and M line (.). Notice the elongated mitochondria (m).

( Uranyl acetate & lead citrate; x 18.000)
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Fig. (3) : An electromicrograph of the cardiac muscle of chick embryo of the
control group showing distinct sarcolemmal membrane (t). Notice the Z line (z)
and tlte glycogen granules (g).

(Uranyl acetate & lead citrate; x 27.5(0)
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(Uranyl acetate & lead citrate; x 33.000)

Fig. (4) : An eleclromicrograph of the cardiac muscle of chick embryo of con
trol group showing the lace-like sarcoplasmic reticulim (r) and euochromatic
nucleus (n).

- 148 -

- - - ---- - - - _ .-. -- -

echo
Rectangle

echo
Rectangle

echo
Rectangle

echo
Rectangle

echo
Rectangle

echo
Rectangle

echo
Rectangle

echo
Rectangle



Fig. (S) : An electromicrograph of the cardiac muscle of chick embryo of con
trol group showing the intercalated discs (c).

( Uranyl acetate & lead citrate; x 18.000)
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l<1~. (6) : A photomicrograph of the cardiac muscle of chick embryo of group I
showing partial separation of the adjacent cardiac muscle fibers (<Ii). Notice the
eosinophilic patches (f).

(Hx. & E.; x 400)

I<lg. (7) : A photomicrograph of the cardiac muscle of chick embryo of group I
showing mononuclear cellular infillration (f).

(HlI . & E.; II 400)
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Hg. (8) : An clectromicrograph of the cardiac muscle of chick embryo of group
I showing blurred distorted Z lines (z). Notice the intact sarcolemmal membrane
(s).

(Uranyl acetate & lead citrate; J( 22.000)
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Fig. (9) : An electromicrograph of the cardiac muscle of chick embryo of group
I showing intact intercalated disc (i).

(Uranyl acetate & lead citrate; x 18.000)
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Fig. (10) : An cleclromicrograph of the card,a, 11111'< k of chick embryo of
group I showing areas of loss 01 striations (i) ""d ,I", d"Il'" pleomorphic mito
chondria (m).

( Uranyl acetate & lead citrate: x 17.(00)
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----- - ----

Fig. (11) : An electrornicrograph of the cardiac muscle of chick embryo of
group I showing mitochond ria with partial loss of cristea (p) or completes loss
(1). Notice the glycogen roseues (g).

( Uranyl acetate & lead citrate; x 17.ooo,
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; ....

Fig. (12) : A photomicrograph of the cardiac muscle of chick embryo of group
II showing wide separation of cardiac muscle fibers.

(lIx. & E.; X 400)

Fig. (13) : A photomicrcgraph of the cardiac muscle of chick embryo of group
" showing marked thinninr

o it) of the cardiac muscle fibers and extreme clump
ing with pyknotic nuclei ( t). Note the fal cells (f) .

(Hx. & E.; x 400)
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Fig. (14) : An clcctromicrograph of the cardiac muscle of chick embryo of
group II showing wide areas of loss of striatiuns. Notice the dense mitoch<mdria
(01), vacuoles (v) and myelin-like figures (T).

( Uranyl acetate & lead citrate; x 13.(00)
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( Uranyl acetate & lead citrate; x 18.(00)

Fig. (15) : An electromicrograph of the cardiac muscle of chick embryo of
group II showing areas of loss of striations (i) infiltrated by fat droplets (f) and
aggregates of mitochondria (m).
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Fig. (16) : An electromicrograph of the cardiac muscle of chick embryo of
group II showing marked folding of the sarcolemmal membrane (5).

( Uranyl acetate & lead citrate; x 28.000)
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L
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.~...... ~ -.

Fig. (17) : An electromicrograph of the cardiac muscle of chick: embryo of
group II showing proliferat ion of sarcoplasmic reticulum (r). Notice the inter
posed vacuoles (v).

(Uranyl acetate & lead citrate ; x 6000)
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Fig..(I8) : A photomicrograph of cardiac muscle of chick embryo of group III.
Notice basophilic nuclei (n).

(Hx. & E.; x 400)

Fig. (19) ; An elcctromicrograph of the cardiac muscle of chick embryo of
group III showing intact intercalated discs (c) and sarcolemmal membrane (s) .
Note the areas with loss of striations and bizarre vacuoles (v),

( Uranyl acetate & lead citrate; x 10.000)
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Fig. (20) : An electromicrograph of the cardiac muscle of chick embryo of
group III showing large macrophage with dense lysosomes (I) and degenerated
mitochondria (d). Note the mitochondria with partial loss of cristea (m),

(Uranyl acetate & lead citrate; X 10.000)
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The present study illustrated that caffeine is a rather ctlrdiotoxic compound, that 
caused dose-dependent slructural changes in the myocardium of chick embryos. On 
aministration of 3 total dose of 0.75 mg divided into three doses, the myocardium 

showed few focal arcns with partial separation of the adjacent cardiac muscle fibers. 
' 

Moreover, eosinopholic homogeneously-stained patches with adherent nuclei and 
areas of mononuclear cellular infiltration were encountered in the myocardtum. 

Similar eosinopholic patchcs and cellular infiltration were noticed in the cardi- 

ac nluscle of Sprague Dawely rats one hour following intake of LD 50 of different 

c:udiotoxic compounds. i.c., isoprotemol, hydralazine. cyclophosphmidc and adri- 
. amycin. However, with these compounds the patches were numerous, interposed all- 

over thc myocardium and involved even the papillary muscle (Kemi et al., 1996). 

On admir~istration of a total dose of 1.5 mg of caffeine divided into three doses, 
the cardiac muscle showed marked separation of the adjacent cardiac muscle fibers. 

Separation and dilatation in the intercellular spaces was reported previously in the 

literature following administration of caffeine. It was noticed near the basement 
membrane of the nonpigmented ciliary epithelium of the eye, within fifteen minutes 
after caffeine intake (Kurata et at., 1997). 

In the present study, the myofibril degenerative changes were dose dependent. 

With a dose 0.75 mg of caffeine. the myofibrils maintained an intact sarcolemmal 

~nembrane, and the cross str~ations were preserved. However, some Z-line were 
blurred and distorted. Occasionally, few small localized areas of loss of striations 
were observed. The intact myofibrils with slightly blurred 2-lines were described rts 
contraction damage (Daniels and Duncan, 1993). On the other hand, with high dos- 

es of cnffcine, the cardiac muscle exhibited marked disintegration and dissolution of 
the myofibrils resulting in wide areas of loss of striations and loss of normal pattern 

of sarcomeres. The wide interrupted areas were infiltrated by irregular multiple vac- 

uoles. myelin-like figures and dense mitochondria. Other areas of loss of striations 

were infiltraled by fat droplets and aggregates of dense mitochondria. The disinte- 
gration and disso~urion of myofibrils with loss of striations were described as a re- 
laxation damage (Daniels and Duncan, 1993). 

Fragmentation, loss of striations and contraction band formation are commonly 

induced by most of Ihe cardiotoxic compunds including cyclophospharnide, isopro- 
LcrnoI and abiamycin (Kemi et al., 1996). Moreover, myofilments suffered dso 

\ severe damage and disruption rafter administration of hypochlorus acid (Miller and 
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MacFarlane, 1995). It was suggested that Ihc structural changes in myofilaments 

were associated with rnyocyte dysfunction and could lead to ischaemic changes 
(Miller and MacFarlane, 1995). 

In the presentg study, the ultrastructurnl examination further clarified that the 
mitochondria, in particular, displayed various changes. Some mitochondria were 

swollen and suffered partial or complete loss of mitochondria1 cristea, othcrs wcre 

dense, pleomorphic in shape and usually formed aggregates which ir~filttzllcd the u- 
eas with lost striations. The mitochondria1 changes were observed with both doses 
used in the present stuy. However, with high doses of caffeine, the present work il- 

lustrated, in addition, striking proliferation of the sarcoplasmtc reticulum showing 
finger-print appearance with few interposed vacuoles. 

The cafteine-produced ultmstructural changes in the myofibrils, mitochondria 
and sarcoplasmic reticulum were similar to that seen after calcium release. Caffeine 

is believed lo act by releasing calcium from intercellular sltes like the sarcoplasmic 

reticulum and mitochondria respectively, raising the calcium levels and so triggering 

the ullraslructural damage of the myofibrils and the mitochondria1 changes. These 

changes are qualitatively similar and typical to those seen afler calcium-induced 

damage in muscle cells (Duncan and Shamsadeen, 1991; Duncan, 1992). 
The release of calcium from sarcoplasmic reticulum following caffeine admin- 

istration is a rather complex process. Low doses of caffeine in ventricular myocytes 

have been hypothesized to cause transient activation of the silrcoplns~nic reticulum 

upon application and transient depression of the sarcoplasmic reticulum upon re- 
moval. As the concentration of caffeine increased, the release of luminal calcium 

and the activation of the sarcoplasmic reticulum was more evident (Lukyanenko et 
al., 2001). 

The close association between cdc~um release and caffeir~e concentration could 
explain the marked proliferatio~l of the sarcoplasmic reticulum encountered in the 

present study with high doses and the variation in the degenerative changes noticed 
with the different doses of caffeine used. Recently, it is lxlieved that the effects of 

caffeine on the release of calcium from the sarcoplasmic reticulum is accompanied 
also by a dose-dependent sodium and calcium exchange which represents an addi- 
tional clement of coinplexity in caffeine action on the cardiac muscle (Leoty et a]., ' 

2001). 
The present study demonstrated lhal high doses of caffcipe were associated 

with further degenerative changes. The sarcolemmel membrane was indistinct and 

showed extreme folding. The structural changes in the sarcolemmal membrane 
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increase the susceptibility of lnyafibrils to mechanical irijury and predispose to sub- 

scyuetil lnassivc myocardial damagc (Harding and Duncan, 1996). The damaged 

sarcolcmmal mctnbratic cnhanccs the release of cytosolic proteins mainly crcalinc 
ktnase, and these proteins represent another m;~jor damagc pathway of caffeine 
(Hnrding and Duncan, 1996). 

In the prcscnl work, admirlislraliot~ oC lidocainc with high doses of caffeine re- 
stored ltic sarcolcmmal mcmbranc. Lidocaine colnpletely inhibits thc rclcasc of 

creatilie kinase probably via the membrane stabili~ing e k c l  of this local anaesthetic 
(Harding and Iluncan, 1996). 

Although the sarcolcmrnal mcmbratic was inlact 'and preserved following lido- 

cinc application, yct thc cardiac ~nusclc exhihiled areas of loss of striations and 

slruclurnl changes were still e~lcour~lerctl irl llic mitochondria. Moreover, large 
tnacroyhagcs wcrc i11tcq)oscd bclwccti tnyofibrils containing degenerated mito- 
chondria and prominent lysosomes. These charigcs me characteristic of cardiac 
musclc 1h:rl have cxpericrlccd a risc in calcium Icvcls. It could lx emphasized that 

caffeine caused probably a rise in calciuln levels that initi;~lcd damagc of the myofi- 
brils inspile of the stabilizing effect of lidocaine on the sarrclcnimal mcmbranc and 

the suhstanli:~l protection against cytosolic ptolcins arid crcatinc kinase release 

(Iiarding and Duncan, 1996). 

It could be coticluded that caffcine cxerted its cffccts via different damage path- 

ways lha1 :rcted iodcpcndcnlly and scpamlcly. Although thc rclerlse of calcium ruid 

cytosolic proteins seem to be the two rnajor pathways of damage of cnlrcinc, yct 
other factors may lw irivolvcd in tt~c action of cnffcinc. Dysotnorj)liogcnesis and 
impairment in tlie heart form;ition In new lwrn wts of dams fed on diet rich in caf- 
feine, was attrihutcd to affect~on of superoxide dismutasc crizynic (Rossowska and 

Nakamoto, 1994). On tlie other hand, it was postulated that effects of caffeine on 

the cardiac muscle were not mediated via the cdcium release. but via ai\other mech- 

anism independent of calciuln and irivolved direct action of  caffeine or, lhe aclin 
cross bridge interrrctions (Powers and Solara, 1995). 

In conclusion, the present study clarified that caffeine could be considered as a 
cardioloxic compound. It cnuscd fcw slruclurnl changes it1 low doscs. but in high 
doscs il causcd scvcrc ultrastructural chrrngcs. Thc action of calfcine is mediated 
probably via the release of calcium and cytosolic proteins. Lidocainc can stabilize 

rhe sarco1ernrn:~l membrane :lnd partly protect the ~nyocartlium against the damaging 
effects of  caffeine. 
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SUMMARY

The present study investigated the effects of caffeine on the cardiac muscle of

chick embryos and whether these effects were ameliorated by lidocaine. Ninety fer

tilized leghorn eggs were subdivided into three groups. The first group of eggs were

instilled with a total dose 0.75 mg of caffeine divided into three successive doses on

the 5th, 10th and l51h days of incubation. In this group, the cardiac muscle showed ar

eas of partial separation of the adjacent muscle fibers, eosinophilic stained patches

and mononuclear cellular infiltration. Ultrastructural examination revealed intact

sarcolemmal membrane, intercalated discs and preserved cardiac striations. Few Z:

lines were blurred. The mitochondria were swollen with partial or complete loss of

mitochondrial cristea. Glycogen granules formed aggregated rosettes.

The second group of eggs were instilled with a total dose of 1.5 gm of caffeine

divided into three successive doses on the 51h, 10thand 151hdays of incubation. In this

group, the cardiac muscle showed distorted arrangement and wide separation of the

adjacent cardiac muscle fibers. Fatty cellular infiltration and pyknotic nuclei were

observed. Ultrastructural examination revealed loss of regular pattern of striation, ir

regular vacuoles, myelin-like figures and dense mitochondria. The sarcolemmal

membrane was highly folded and the sarcoplasmic reticulum showed marked pro

liferation.

The third group of eggs were instilled with a total dose of caffeine 1.5 mg sirn

ulantaneously with 0.2 ml lidocaine 2% divided into three successive doses on the

5th, lOth and 15th days of incubation. The cardiac muscle showed a preserved archi

tecture and dense basophilic adherent nuclei. Ultrastructural examination revealed

intact sarcolemmal membrane and intercalated discs. Some areas showed loss of

striations with infiltration by bizarre vacuoles. Partial loss of mitochondrial cristea,

large macrophages containing prominent lysosomes arid degenerated mitochondria

were encountered.

The results were discussed, and it was concluded that caffeine is rather cardio

toxic especially in high doses. Lidocaine stabilized the sarcolemmal membrane and

provided nw:tial protection.
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