Reprinted from the JOURNAL OF THE AMERICAN YETERINARY MEDICAL ASEOUTATION, Val, 15T,

Ho. o,

Foger:
SraAmerican Vetevinary Modical Associntion, 1970,

ATE=5a2
All Eights Reserved.

Effects of Prolonged Halothane Anesthesia

on Some Cetaceans
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SUMMARY
After prolonged halothane anesthezia (up fo 24 hours) on 7 small

cetaceans, variable histologic chanpges were found.

These changes were

judged to be acute, and not significant. Plasma enzyme activities monitored
during the anesthesia periods also did not indicate significant liver damage,

Haroraane® a relatively simple organic
comnpound 22 15 being used extensively in
veterinary and human medicine as the
volatile anesthetic agent of choice; and
since we worked out a successful method
of anesthetizing dolphins, utilizing halo-
thane,11-27-1% i has hecome the anesthetic
agent of choice not only for dolphins but
for marine mammals in general ®® It has
many properties that make it approach
the ideal in wolatile anesthetic agents;
however, deaths and liver changes® have
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heen atfributed to halothane in human
beings.

In the course of auditory research (in
the determination of cochlear potentials)
involving many hours of anesthesia on
porpoises, we had an ideal situation to
determine whether any hepatic damage
was incurred. Our opportunity was
unigue in that our anesthesia cases lasted
as long az 24 hours. This report 1= an
attempd Lo assess the degree of damage to
the liver.

To date, in our opinion, evidence of
pathologic changes due to halothane in
lower animals has not been reported,
although 2 such altempls have been made
with sheep and horses.®*® In a retro-
spective national halothane study of
856,500 human surgical procedures,®™ in-
duced hepafic necrosis following single
or muliiple administrations was found fo
be a rare occurrence. Furthermore, halo-
thane was reported to have a safety
record hetter than an average for all
anesthefic practices.

Recently, in an excellent report, a
strong case was presented for the argu-
ment that halothane (in human beings
and other mammals) is not a hepato-
toxin, but rather iz a drug which can
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TABLE 1=—Enzyma Activities, Total Serum Bilirubin, and Total Serurn Protein in Tursiops truncatus Male
(Me. 1) During Halothane Anesthezia
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cause a sensibization reaction.® It was
estimated that halothane-induced hepati-
tis was fatal at a rate of 1 in 10,000 cases.
A well-documented case of hepatitis in
an anesthetist due to halothane sensitiv-
ity has been reported.! Good compre-
hensive reviews of the toxic and drug-
induced hepatitides and of liver function
in relation to surgical intervention have
been published 22

Materials and Methods

General  Procedure —Eleven  dolphins
were used in this study, 10 Atlantic bottle-
nosed dolphing (Tursiops truncatus) and 1
Pacific white-sided dolphin (Lagenorhyn-
chus obliguidens), Of the 11, 7 were anes-
thetized with halothane and kept at a sur-
gical plane of anesthesia for a nuwmber of
hours (Tables 1-6) during exposure of

TABLE 2—Enzyme Activities, Total Serum Bilirubin,
male (Mo, 2) During Halothane Anesthesia

Senam .

the inner car and the recording of cochlear
potentials. Four of the animals were uzed
as conirols, fe, they were kept out of the
water unanesthetized for about 24 hours,
Each of the control animals was uzed twice.
In both experimental and control animals,
blood was taken at intervals (Tables 1-10)
from the vessels of the fluke or the vessels
on the lateral azpect of the tail stalk, The
serum was analyzed for total protein, bili-
mabin, and various enzyme activities: how-
ever, not all the determinations were done
on all animals, On completion of the
cochlear potential experiments, the animals
were perfused with saline solution and
Mazximow's solution to obtain good tissue
fixation for histolegic study of the inner
ecar and the brain. In 4 of the halothane
cases, before perfusion of the animals, liver
samples were taken for histologic examina-
tion.
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TABLE 3—Enzyme Activities and Total Serum Protein in Tursiops truncatus Male (Mo. 3) During Hale-

thanae Anesthecia
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TABLE 4—Enzyme Activities and Total Serum Protein in Tursiops truncatus Female (Mo, £) During Halo-

thane Anesthesia
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TABLE S=—Enzyme Activities and Total 3erum Protein in Lagenorhvnchus obliquidens Female (Ma, 5)

Curing Halothane Ancsthesia

Serum

LOIT Telal
ooT BAT aoT [Derper- mratein
Tizma (Sipmma (& gran [Zipma Eroida Carg. 100
thours) ™ i) unifs) unita} unils) ml. serem)
[u] 20 a7 500 4400 .4
2.5 a5 205 100 3,350 7.4
3.5 250 z0 1,140 3,850 TG
4,74 450 L% | 1,050 4,550 7.8
.0 B 3.3 1,170 3,200 B.1
&.0 250 1.0 1,140 3,350 7.5
0.5 T 132 1,340 5,500 B0

* Tizna (hears) is i peflerence to dhe ataxt of isdosticn ;;I' aoesihicsia. O I the Ume at which a a:|_-1,|:-||:|]|3 woa laken

[rems ee pwaks dalplin,

Anesthesin.—As already mentionad, the
details of our anesthesia procedure and
concurrent physiologic monitoring have been
reported elsewhere®  Briefly summarized,
induction was started with 10 to 15 mg. of
aodium thiopental/kg, of body weight ad-
ministered intravenously, The animals wers
intubated after the thiopental administra-
tion. Respiration wasz maintained with a

a7k

controlled open system, and induction was
completed with 1.5 to 209 halothane,
Maintenance of anesthesia was carried out
with 1.0 to 1.5%; halothane.

Surgery.—aA preliminary report of the
gurgical procedure and results of the coch-
lear potential measurements has  been
made.® Major surgical trauma consistad
of: (1) ligation of both the right external
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TAEBLE &—Enzyme Activitics, Total Serum Bilirubin, and Tatal Serum Protein in Tursiops fruncatus Fe-

male (Mo, 6} and Male (Mo, 7) During Halothane Anesthesia
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and right internal earotid arteries (neither
of which supply blood to the functicnal ear
or brain); {(2) partial removal of an arterio-
venous plexus around the ear; (30 tran-
geclion of the mastohumeralis muscle; (4)
tranzection of the sternomastoidens muscle:
and (5) removal of the ventral margin of
the stvloid process of the exoccipital bone.
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Clinical Tests,—The chemical studies on
4 bottle-nesed dolphins (Ne. 1-4} and 1
white-sided dolphin (WNo, 5) were carried
out in the Clinical Laboratory, School of
Veterinary Medicine, University of Penn-
sylvania. The studies on the remaining
dolphing were dene at the Waval Undersea
Research and Development Center, Marine
BicScience Facility, Point Mugu, Calif.

Kits® were used for the enzyme assays
performed at the University of Pensylvania.
These tests were: serum glutamic oxalacetic
fransaminase (cor) No. 505, ornithine car-
bamyl transferase {oct) No. 108, serum
alkaline phosphatase (sap) No. 104, and
lactic dehydrogenase (Lom) No. 500, A re-
[ractometer” was used to determine the
total protein. Bilirubin was assayved by s
modification® of the procedure of Malloy and
Evelyn* The procedures for the enzyme
assays done in California are indicated in
the tables. Hemogram studies were made
on the blood of sll animals prior to surgery.
T'wo bottle-nosed dolphins (No. 1 and 2)
had leukocytosis, and the white blood cell
iwec) counts of all others were within
normal limits.™

Results

Plasma Enzyme Results.—The results
of the chemical determinations on hlood
are given (Tables 1-10). The units of
assay in some instances (Tables 6-10)
differ from those of others (Tables 1-5).
This is due to the fact that different
laboratory facilities were available to us
during operations performed at Princeton
University and operations performed at
the Marine BioSeience Facility in Cali-
fornia.

Histopathologic Findings.—In regard
to bottle-nozed dolphing No. 2, 3, and 4
and the white-sided dolphin No. 5, the
following histologic changes were noticed
in liver specimens: (1) inflammataory cell
infiltration (mononuclear and polymor-
phonuelear leukoeytes) into parenchyma,
oftenn with accompanying increases in
number of Kupffer's cells; (2) varying de-
gress of fatty vacuolization of hepatocyte
cytoplasm in all dolphins except No. 3:
(3} wvascular congestion in dolphins 2,

——

b Sigma Chemicol Company, 56 Lowis, SMa.
¢ Ameriean Optieal Company, BuaFals, MY,
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4, and 3; (4) mild bilirubinosis, with
some phagoeytosis of pigment by reticulo-
endothelial cells (there was no evidence
of bile stasis) in dolphinz 3 and 5; (5)
hazy, indistinct vacuolization of hepato-
cyte eytoplasm in dolphin 3 (we are not
certain of the interpretation, this prob-
ably is glyvcogen deposition); and (8) in-
flammatory cell activity and suggestions
of early bile duct proliferation in portal
areas of dolphin 3. There were no changes
in any of the specimens indicative of
chronicity. Liver lesions were most se-
vere in dolphin 5 and progressively less
severe in dolphinz 2, 3, and 4. All the
liver specimens in this study were com-
pared with normal liver samples previ-
ously collected at the Marine BioScience
Facility.

Discussion

Although the results in Tables 1-6 are
believed to be due to the halothane, the
possible effect of the anesthetic induction
doze of sodium thiopental eannot be dis-
counted.

Another factor which we cannot dis-
count 15 the administration of small doses
(4 to 8 mg.) of dexamethasone sodium
phosphate! There was no apparent cor-
relation of enzyme activity changes and
the time of administration of the dexa-
methazone,

Hepatotoxins can cause microscopically
evident liver injury as sarly as one hour
following exposure, but our need to per-
fuse the dolphins for histologic studies
of the brain and ear prevented us from
observing possible postoperative clinieal
manifestations that are characteristically
delaved for 24 to 48 hours.®

Mild parenchymatous changes were
found in dolphins 2, 3, 4, and 5. Whether
these mild changes can be attributed to
the halothane cannot be said. Unfortu-
nately, sections of liver were not taken
from experimental dolphins before an-
esthesia for comparison with postanesthe-
sia specimens. An interesting finding in
the liver of the whife-sided dolphin {No.
5) was many parasite ova adjacent to the

4 Decadran, Merck Shorp and Dohme, West Polnt, Pa,
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bile ducts. The ova had thick translu-
cent shells with a pointed eccentric spur
at the narrower end. They resembled
egzs of Schistosoma spp.

According to results of the tests con-
ducted, the control delphins (Tables 7-
10} did not appear to suffer any il ef-
fects from being out of the water for
24 hours. In the experimental dolphins,
prolonged halothane anesthesia did not
have any marked effect, if any effect at
all, en the liver. The terminal increases
of serum coT and LoH activities in dol-
phins 1, 2, 3, and 6 were probably due
to the surgical trauma and other manipu-
lationz during the course of the experi-
ments. The separation of LDH isoenzymes
might have been of some help in identi-
fying the source of the enzyme. There
was some hemolysis of cells in all the
samples taken from dolphin 2. Accord-
ing to earlier observations (W..), some
dolphing seem to have very fragile red
blood cells. The initial high serum cor
and LoH activities in dolphing 4 and 5
cannot be explained unlezs they were
due to the excitement of capture and
restraint before anesthesia. The activity
of ocT, an enzyme primarily found in the
liver (although a fair amount is present
in the infestinal mucosal) was increased
terminally in delphin 6. The upper limit
of normal by the procedure used is given
ag 20 units, Whether a value of 23 units
15 significant i3 not known., In all other
dolphins, the activity of ocr, in our apin-
o1, waz notl significant.

The range of previously publizhed pro-
tein values for the bottle-nosed dolphin??
agrees well with our values. In addition,
recently published normal values for se-
rum GET, SeTum GoT, TDH, and sap? acfiv-
ities in the bottle-nosed dolphin cor-
roborate our out-of-water control data
and the zero time preanesthetic values
for dolphins 6 and 7. With the exception
of the terminal values, the normal pub-
lished data add weight to the areument
that the enzyme activities in our T.
truncatus (Table 8} are within normal
limits.

One might speculate from the evidence
found in man that a large number
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of individual halothane exposures of
dolphing would be necessary to de-
termine if halothane can sensitize a
dolphin. To date, we have very little
information on thiz problem; however,
dolphin & had a 7-hour exposure o
halothane followed by a 2-hour exposure
at a later date. Dolphin 11 had 2 zepa-
rate Z-hour exposures, and dolphin 10
had one 3-hour exposure. None of these
dolphins suffered any ill effects post-
operatively.
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