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SUMMARY

The hepatic protective effect of intravenous verapa-
mil in dogs (n=8) during halothane anesthesia in
hypoxic conditions was observed. The protective po-
tential was defined by both histopatholu” a! evalua-
tion and serum en/.yme level measurements. Mean
alkaline phosphatase and lactic dehydrogenase enz-
yme levels in the group administered with calcium
channel blocker-verapamil were noted,although not
statistically significant, to be lower than those of the

control group.

Further prcnchymal injury during histopathological
evaluation using the light microscope were noted to
be significantly less in the verapamil group adminis-
tered when compared to the control group.
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INTRODUCTION

Although infrequent, since 1884 there have been case
reports regarding general anesthesia induced liver
toxicity (1). Halothane hepatitis has been accepted as
a clinical entity which may differ in severity from a
mild icterus or hepatic dysfunction to fatal liver in-
sufficiency. Since 1963, when halothane became a
routine anesthetic agent many cases of postoperative
hepatitis or liver toxicity have been reported. Actio-
logical factors including hypoxia, gcnetical factors,
age, sex, obesity, successive administration and sur-
gical procedure, may directly influence the incidence
and severity of halothane hepatitis. Hypoxia which

51

may occur due to decreased hepatic blood flow, cent-
ral respiratory depression or intervention of ventilati-
on perfusion rate by general anesthesia is thought to
be the most important of all the causes of hepatic in-
jury. On the other hand it has been shown by several
experimental studies that calcium blockers provide
significant protection for the related vital organs aga-
inst hypoxia during ischemia due to surgical actiolo-
gical factors (2-7).

In this present study, our aim is to determine the hepa-
toprotective effects of an intravenous calcium bloc-
ker, verapamil during halothane administration to
dogs under hypoxic conditions.

MATERIAL AND METHODS

The study was performed in the Laboratory of Expe-
rimental Medicine at Marmara University. 16 dogs of
both sexes varying in body weight between 17-20.5
kg were used. They were divided into two groups. An
intravenous route was obtained using a 18 G angio-
catheter and saline was infused prior to anesthesia in-
duction by 15 mg/kg thiopental intravenously. Then
endotracheal intubation was performed. The ventila-
tion rate was maintained at approximately 30/pm. In
all subjects the anesthesia was maintained at 30%
oxygen, 70% nitrous oxide, 1% halothane using a
bag, a Boyle anesthetic machine and an Abbott halot-
hanc vaporizer. Placing precordial electrodes on the
anterior thoracic wall the heart was continuously mo-
nitored in all subjects. Laparalomic observation of
the dogs was performed in a supine position under
sterile conditions.

Protective effects of verapamil during halothane
anesthesia on hepatic functions and the parenchyma
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was observed in 16 dogs that been randomly divided
into 2 groups (n=8).

Group | containing 8 dogs was the control group, ha-
ving no agent administered during or following in-
duction except thiopental.

Group Il consisted of the remaining 8 dogs that were
the subjects in the experiment. They were given vera-
pamil 150 mikrogr/kg intravenously immediately af-
ter induction of anesthesia.

Prior to induction, blood specimens from every sub-
ject in each group were obtained to determine the
control levels of the serum enzymes, alkaline phosp-
hatase and lactate dehydrogenase. Half an hour after
laparatomy, liver biopsy was performed and the dogs
were ventilated using a hypoxic gas mixture of 14%
oxygen, 86% nitrous oxide, 1% halothane for 30 mi-
nutes at the same ventilation rate. The hypoxemia
which occured during this period was confirmed by
measuring P02, PCO02 and pH levels of the arterial
blood samples and using 'Nova Biomedical Stat Pro-
file 3". Atthe end of the hypoxic period further blood
samples were obtained in order to define any changes
in enzyme levels and the lever biopsy was repeated to
access any changes in the liver parcncyhma. Liver bi-
opsy material was fixed using 10% formaldehyde,
sections of 8 mikron thickness were prepared and sta-
ined using hematoxylin- eosine and then they were
observed using the light microscope. The histopatho-
logical evaluation ef the liver parenchyma was per-
formed in the light of the parameters in table I.

The data of each subject was compared with the data
of other subjects in the same group. Further the result
of each group were compared using The Student t
test.

RESULTS

The serum enzymes, alkaline phosphatase and lactic
dehydrogenase levels of the control group and the
group administered with intravenous verapamil prior
to and following hypoxic conditions are shown in
table Il and 111 respectively.

In the control group, all these enzyme levels were
significantly higher than those of the verapamil ad-
ministered group at the posthypoxic period (p<0.01).
In the verapamil administered group, only SGOT and
SGPT enzyme levels were statistically significantly
higher at the posthypoxic period than control values
(p<0.01).
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Histopathological evaluation of the liver biopsies of
the control group and the study group are shown in
table IV and table V respectively.

The signs of cellular damage observed on the speci-
mens which are taken during the posthypoxic period
showed significant differences between the two gro-
ups. In the verapamil administered group the inten-
sity of signs showing cellular damage such as fatty
degeneration, intracellular oedema and macrovacuo-
lisation were significantly lower than those of the

control group (Figure 1,2.)

DISCUSSION

Although a perfused organ model is known to be a
practical, cheaper and rapid way during the observati-
on of hypoxic injury, our study was performed using
an invivo model to be able to determine the scrum
enzyme levels.

Not only the hcpatotoxicity of halothane but also the
potential of hypoxia to enhance the hepatic injury in
halothane anesthesia have been confirmed by several
studies. In other words it has been known that the
degree of pcrianeslhctic hepatic injury caused by ha-
lothane administration is directly proportional to the
degree of hypoxia (8). Since hypoxia alone may cau-
se tissue injury in experimental models the inhalaling
oxygen concentration is recommended to be no lower
than 10%.

Hepatic hypoxia in anesthesia is a potent stimulus for
lysosomal derangment, leakage of cytoplasmic enz-
ymes and finally proteolysis (9, 10). On the other
hand hypoxia causes vasoconstriction and increases
capillary permeability thus allowing extravasation
into the extracellular space (11). There arc some indi-
cations of the important role of intracellular calcium
deposition in the aetiology of cellular damage during
hypoxia regarding dysfunction of the calcium pump
(11-17)

Decreased ATP level during hypoxia causes hypoac-
tivily of the calcium pumps in cell membrane, endop-
lasmic and mitochondriae, thus causing maldistribu-
tion of calcium in the subccllular compartments
(17,18). It has been known that increased intracellu-
lar calcium causes cell death, decreased metabolic
product clearance and reticuloendothelial depression
(12).

If the cell is traumatised by ischemia, hypoxia or to-
xic agents calcium influx causes cell death (15,16).
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TABLE I. The parameters of histopathological

evaluation of the liver parenchyma.

Cell damage
(cell inflation, cytoplasmic

granularity .vaculisation) +  ++
Diffuse + o+

Fatty Peripheral + ++
degeneration Zonal Midzonal + ++
Centrizonal + ++

Diffuse +  ++

Necrosis Focal +  +t
Single cell +  ++

Kupffer cell hyperplasia + o+t

+++

+++
+++
+++
+++

+++
+++
+++

+++

Early studies on this subject using calcium blocker
agents in the hope of prevention ofccllular damage in
such conditions showed encouraging correlation
with the use of these agents and prevention of the tis-
sues from cither hypoxic, ischemic or toxic injuries
(14). Thurman and King (13) and Thurman and Apcl
(29) in their studies on perfused rat liver concluded
that nifedipine has a significant hepatoprotcctive ef-
fect in hypoxia and may be used in several clinical si-

tuations due to hypoxia.

In another study by Michael ct al. (20) it has been
shown that nifedipine, nitrendipine and verapamil
promptly relieve the physiological and pathological
changes caused by hypoxia due to pulmonary vaso-
constriction and chronic alveolar hypoxia in rats.

The study of Landon ct al. (14) revealed that verapa-
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mil, nifedipine and nitrendipine decrease the hepatic
injury centrlobular necrosis caused by carbontetrach-
loride.

In the present study disregarding the hepatoprotecti-
ve effect the increase in serum enzyme levels in the
hypoxic verapamil group is thought to be associated
with systemic effects of hypoxia and effects of anest-
hesia or surgery since these enzymes arc not specific
to the liver. In contrast the control group (hypoxic
group without verapamil) shows no increase in alka-
line phosphatase and lactic dehydrogenase levels, of
this group (hypoxic plus verapamil) almost confirms
this hypothesis.

Important signs of acute hepatocellular damage ob-
served under the light microscope due to hepatotoxic
agents arc fatty degeneration, intracellular oedema,
hyperplasia of the Kupffcr cells, micro and macrova-
cuolisation and necrosis. In the present study we ob-
served some of these signs as well as in the prehypo-
xk period in both two groups. It is possible that there
arc reversible changes caused by anesthetic agents or
preexisting lesions of nutritional origin (21). These
signs of cellular damage observed on the specimens
which arc taken during the posthypoxic period sho-
wed significant differences in the two groups. In the
verapamil administered group the intensity of signs
showing cellular damage was significantly lower
than those of the control group.

The results of the present study suggest that the hepa-
totoxic effects of hypoxic halothane anesthesia may
be prevented by verapamil administration. On the ot-
her hand this conclusion must be confirmed by furt-
her ultrastructural studies.

TABLE I1. The scrum enzymes, alkaline phosphatase and lactic dehydrogenase levels of the control group

SGOT (U/1) SGPT (U/) Alkaline phosphatase (U/1)  Lactic dehydrogenase (1U/1)
. Group Before After Before After Before After Before After
hypoxia hypoxia hypoxia hypoxia hypoxia hypoxia  hypoxia hypoxia
1 39 110 76 117 79 265 230 352
2 31 32 33 30 100 79 68 62
3 40 40 33 23 127 110 164 149
4 40 163 33 145 97 140 152 195
5 34 12 28 12 101 99 180 99
6 14 33 23 44 67 43 52 149
7 25 61 32 50 125 170 176 195
8 41 70 28 50 89 140 115 172
33.0019.47 65.12149.59* 357512.64  58.87147.04* 98.12120.65  130.75166.75* 142.12160.03 171.62182.06*
* pcO.Ol
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TABLE Ill. The serum enzymes, alkaline phosphatase and lactic dehydrogenase levels of the group treated
with intravenous verapamil

SGOT (U/1) SGPT (U/1) Alkaline phosphatase (J)  Lactic dehydrogenase (IU1)
1. Group Before After Before After Before After Before After
hypoxia hypoxia hypoxia hypoxia hypoxia hypoxia  hypoxia hypoxia
1 37 42 23 28 169 175 245 255
2 30 46 20 50 33 63 349 284
3 41 65 32 50 135 128 205 195
4 37 31 29 33 130 100 76 68
5 36 91 53 67 166 80 170 125
6 40 152 26 99 215 240 123 145
7 39 95 61 76 202 145 130 169
8 36 87 82 123 189 153 329 185
37.00£3.38 76.12+39.06* 40.75122.16  65.75132.69* 154.8164.21 1355168.58  203.25188.54  173.75186.18
p<0.01

TABLE IV. The histopathological evaluation of the liver biopsies of the control group

Cell Cytoplasmic  Cytoplasmic Fatty Necrosis ~ Kupffer cell Congestion
inflation granularity vacuolisation degeneration hyperplasia
Hypoxia Hypoxia Hypoxia Hypoxia Hypoxia Hypoxia Hypoxia
*Before After Before After Before After Before After Before After Before After Before After
1 - - ++ ++ - + ++ . - + ++ + +
2 - + ++ - - - - - + + + +
3 + + + + - - - - +* + ++ - -
4 + + ++ ++ + + + +* +* + + + +
5 + + ++ ++ - - - - +* + + - -
6 + + ++ ++ ++ + + + - - + + + +
7 0+ + ++ ++ - + ++ - - + ++ + +
8 - - + + + + + - - + + - -

* Focal necrosis

TABLE V. The histopathological evaluation of the liver biopsies of the group treated with intravenous verapamil

Cell Cytoplasmic Cytoplasmic Fatty Necrosis Kupffer cell Congestion
inflation granularity vacuolisation degeneration hyperplasia
Hypoxia Hypoxia Hypoxia Hypoxia Hypoxia Hypoxia Hypoxia

Before After Before After Before After Before After Before After Before After Before After

1 ++ ++ ++ + + : ++ ++ - - + + +
2 + + + + + - - - - - - +

3 + + + - - - - - - - + - -

4 + + + - - - - - - - - - -

5 4+ - - - - - - - - + -

6 +++ ++ +++ ++ - - + + - + + + -

7 ++ ++ ++ ++ + * +* - - + + - +

8 ++ ++ ++ + - - + + +*% Sl + - + +

* Diffuse fatty degeneration
** Focal necrosis
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Fig. 1. Diffuse granulation (arrow), oedema and

vacuolisation in the hépatocytes during poslhypo-
xic period in the control group. (HE X200)
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