[ |

4 Wschodnioeuropejskie Czasopismo Naukowe (East European Scientific Journal) #10(62), 2020 EESIL

BUOTNOTMIECKUE HAYKH

Kehayova G.K.

Doctor of Toxicology

Assistant professor in the Department of Pharmacology,

Toxicology and Pharmacotherapy

Medical University - Varna, Bulgaria

Zlateva Sn.Z.

Professor of Toxicology

Head of the Clinic for Intensive Treatment of Acute Poisoning

and Toxic Allergies at the Military Medical Academy - Varna, Bulgaria
Zgurova N.T.

Doctor of Pathology and Cytopathology

Assistant professor in the Department of General and Clinical Pathology,
Forensic Medicine and Deontology,

Medical University - Varna, Bulgaria

BIOCHEMICAL AND HISTOLOGICAL ANALYSIS OF RATS TREATED WITH VERAPAMIL
OVERDOSE AND RESUSCITATED WITH LIPID EMULSION
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Cuesrca 3namesa

Ipogeccop mokcukonozuu

Pykosooumensv knunuku uHmMeHcU8HO20

JIeYeHUs1 OCMPbIX OMPABIeHUL U MOKCUKOALIEP2UU,
Boenno-meouyunckas akademus - Bapua, boreapus
Heosanxa Toooposa 3zyposa

Jlokmop namonozuu u yumonamouo2uu
Accucmenm xkaghedpwl 00well 1 KIUHUYECKOU NAMOoA02UU,
Cbe00OHOU MeOUYUHBL U OCOHMONO2UU,
Meouyuncxuii ynugepcumem - Bapna, boreapus

BUOXUMHWYECKHA U TUCTOJOTMUYECKHA AHAJIN3 KPBIC, TOJTYYABIINX
HNEPEJO3UPOBKY BEPAITAMUJIOM U PEAHUMWPOBAHHBIX JIMITUJTHOU SMYJIbCUEHU

Summary. Since 2008, lipid emulsions have been used successfully as part of standard therapy for acute
lipophilic drug intoxications at a bolus dose of 1.5 ml/kg lipid emulsion 20% for one minute, followed by an
infusion of 0.25 ml/kg/min for 20 -60 minutes. The high dose of lipid emulsion carries a risk of serious side effects,
which is why many doctors are afraid to use it, despite reports of its positive effect as an antidote. The study
demonstrated the efficacy and safety of lipid emulsion administered as an antidote at the recommended and 7-fold
higher dose in acute intoxication of rats with Verapamil.

100% survival was observed in rats treated with different doses of lipid emulsion. The high dose of lipid
emulsion 10 ml/kg shows greater efficiency in terms of cardioprotection. Lipid emulsion at doses of 1.5 ml/kg and
10 ml/kg are safe in terms of fat metabolism, liver and kidney parameters, proven by laboratory and histological
analysis.

Annoranus. C 2008 roxa nunuaHele 3MyJIbCUM YCHEIIHO HCHOIb3YIOTCSA B paMKaxX CTaHAAPTHOM Tepamnuu
OCTPBIX JUNOQUIBHBIX JIEKAPCTBEHHBIX HHTOKCHKAIMH TP OotocHOi 1o3e 1,5 mur/kr aununHo# smynscun 20%
B MUHYTy c nocieayrouied nHdysueir 0,25 mu/kr/mun B TedeHue 20-60 mMuHYT. BhIcOkas n03a JIMIHIHOM
SMYJBCHU HECET PHUCK CEephe3HBIX MOOOYHBIX 3(h(eKkToB, M3-3a Uero MHOTHE Bpadd OOSATCS MCHOIB30BaTh €€,
HECMOTpPS. Ha CooOmeHns o e€ TOJOXHUTENbHOM JEHCTBHM B KadecTBe aHTHAoTa. VcciemoBanue
MIPOJIEMOHCTPHUPOBAIO 3PPEKTUBHOCTh U OE30TACHOCTH JIMITUIHOW dMYJIbCHUHU, BBOJAUMOMN B Ka4eCTBE aHTHIOTA
IIPY pEKOMEHyeMo! 1 7-KpaTHOH 0oJiee BRICOKOH 7103€ IIPU OCTPOH WHTOKCHKAIMH KPBIC BEPAIaMIIIOM.

100% BBDKMBaEMOCTH HAOJIIOAATACh Y KPBIC, ITOJTyYaBIINX Pa3HbIE O3B JIUITHAHON SMyThCHH. Bricokas no3a
TunUAHON AMynbcun 10 Mt / KT moKaspIBaeT O0MmbIIyi0 3P QEeKTHBHOCTh C TOYKH 3PEHHS KapIUONPOTEKIIHH.
JIummnaas amynbens B 1o3ax 1,5 mu/ xr u 10 mi1 / kr Ge30macHa ¢ TOYKH 3peHHs )KUPOBOTO 00OMEHa, IoKa3areleit
MIEYeHU U TI0YEK, NTOATBEP>KIEHHBIX Ja00paTOPHBIMHU U TUCTOJIOIMYECKUMHU aHAIN3aMH.
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Introduction. Acute drug intoxications are a
serious problem worldwide. The most common
overdoses are neuroleptics, antidepressants and
cardiovascular drugs. Many of these drugs do not have
a specific antidote in case of overdose and can cause
fatal neurological and cardiovascular complications,
which requires the introduction into routine practice of
more effective treatments such as intravenous lipid
emulsions (LE).

The dose determined by the American Society of
Regional Anesthesia (ASRA) to treat local anesthetic
systemic toxicity (LAST) and lipophilic drug
intoxications is a bolus of LE 20% 1.5 ml/kg per
minute, followed by a continuous intravenous infusion
of 0.25 ml/kg/min for 20-60 minutes until circulation is
restored [1].

The use of high doses of LE and the high infusion
rate are associated with an increased risk of side effects
such as fat overload syndrome, hypertriglyceridemia,
pulmonary embolism, pancreatitis and others, which is
why many doctors are afraid to use it, despite reports of
its positive therapeutic effect in acute lipophilic
intoxications. There is a lack of information about the
mechanism of its action, the possible risks associated
with its use, dosage, duration of administration, short-
term and long-term effects.

Aims. Study of the efficacy and possible side
effects of LE as an antidote to acute Verapamil
intoxication in rats and demonstration of its safety with
short-term use.

Materials and methods. The experiments were
performed on 30 healthy male Wistar rats with an
average weight of 243 g, provided by the Medical
University "Prof. Dr. P. Stoyanov "- Varna. The
animals are kept in standard plastic cages, in a well-
ventilated room, under controlled environmental
conditions (temperature 25 + 2 0oC), 12-hour light / dark
cycle, with free and unrestricted access to food and
water.

Biochemical, histological, instrumental and
statistical methods were used to assess the effectiveness
of LE safety.

The biochemical analysis of the plasma of the
animals was performed in a Specialized Medical
Diagnostic Laboratory. Histological methods included
analysis of necropsy material from heart, liver and lung
from each group of rats. Digital photos of the cases
were taken using the Leica Aperio Scan Scope AT2
device (Aperio Technologies, Vista, CA) with
subsequent analysis of the scanned images with
ImageScope V12.1.0.5029 (Aperio).

Statistical methods include descriptive statistics,
parametric variation analysis, Bernoulli method, two-
way comparison of relative proportions of qualitative
indicators, null (HO) and non-zero (alternative H1)
hypothesis.

In all performed statistical analyzes, an acceptable
level of confidence interval P <0.05 is assumed, divided
into three ascending classes: P <0.05, P <0.01 (high
significance) and P <0.001 (very high significance).

The following experimental substances were used:

Isocor® solution for injection 2.5 mg/ml -
Verapamil hydrochloride - calcium channel blocker to
cause arrhythmias and conduction disorders (Sopharma
AD, Bulgaria)

Intralipid® lipid emulsion 20% 500 ml (Fresenius
Kabi AB)

Saline 0.9% 500 ml (B. Braun Melsungen AG)

Midazolam Panpharma solution for injection 5
mg/ml (Panpharma Laboratories, France)

Design of the conducted laboratory experiment:

The animals are divided into six groups as follows:

Group | - healthy controls receiving only 1.5 ml/kg
saline

I1. group - rats treated with LE 1.5 ml/kg 5 minutes
before injection of Verapamil overdose 15 mg/kg

I1. group - rats treated with VVerapamil overdose
15 mg/kg and treated with LE 1.5ml/kg

IV. group - rats treated with Verapamil overdose
15 mg/kg and treated with LE 10 ml/kg

V. group of rats treated with Verapamil overdose
15 mg/kg

All drugs were administered intraperitoneally. The
blood needed for the biochemical examination is taken
from the sublingual vein and through a heart puncture.
An overdose of verapamil per kilogram body weight
(15 mg/kg) was used to assess the severity of
intoxication [2].

Verapamil is a drug that is used very often due to
its broad spectrum of action: supraventricular
arrhythmias, hypertension, ischemic heart disease,
dysmenorrhea, migraine and others. A number of
authors consider it to be the most dangerous of the
group of calcium channel blockers due to its strong
cardiodepressant effect [3]. Its overdose is difficult to
treat and is associated with high mortality despite
timely therapy.

In recent years, Verapamil toxicity has been
successfully treated with the inclusion of LE in
standard therapy [4]. LEs are already present in the
latest guidelines and checklists as a mandatory
component in the treatment of Verapamil toxicity [5]

The dose of LE was selected as determined by
Weinberg and approved by ASRA, used as an antidote
for life-threatening lipophilic drug intoxications,
namely a bolus of 1.5 ml/kg [6]. A group of rats treated
with a toxic dose of Verapamil and treated with a high
dose of LE 10 ml/kg was made to be able to compare
the effects and survival at different dosages.

Results of the histological analysis. The rats
treated with VVerapamil died on average 43.33 minutes
after acute Verapamil intoxication, after which organs
were taken for histological analysis. All other animals
treated with different doses of LE had 100% survival.

On the fourth day after Verapamil poisoning, from
each group rats were euthanized and necropsy material
from heart, lung, and liver was taken.

Picture 1 shows damaged myocardium after
administration of a toxic dose of Verapamil to rats.
Cardiomyocytes with loss of striation, nuclei with
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karyorexis, erythrodiapedesis and karyopyknosis have
been observed. Picture 2 shows the myocardium of rats
treated with Verapamil overdose and treated with LE
analysis

10  ml/kg. Histological

showed

cardiomyocytes with centrally located nuclei,
transverse striation, preserved histological structure, no
evidence of necrosis, confirmed by normal values of
cardiac enzymes after resuscitation with LE 10 ml/kg.

Picture 1 Damaged mydcardlum in acute |ntOX|cat|on Wlth Verapamil in rats.
Coloration with Hematoxylin and eosin (H&E) x20.

Picture 2 Normal myocardlum after resuscnatlon W|thLE 10 mI/kg Coloratlon with H&E x20.

Pictures 3 and 4 show the lungs and liver of rats
treated with VVerapamil after administration of a high
dose of LE 10 ml/kg. Liver analysis showed
hepatocytes with preserved histological structure, no
evidence of steatosis. The lung has a preserved
histological structure, alveoli are seen, centrally located
bronchioles, no evidence of acute respiratory distress

syndrome (ARDS) no hyaline membranes are
observed and no areas of atelectasis.

Both organs have preserved structure and no
pathological changes in the tissues, which confirms the
safety of LE even when administered in high doses of
10 ml / kg.
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Picture 4 Liver with normal structure after administration of LE 10 mi/kg in rats. Coloration with H&E x20.

Results of the biochemical analysis. To assess the
safety profile and clinical efficacy of LE, total bilirubin,
total cholesterol, triglycerides, alkaline phosphatase,
creatine phosphokinase (CPK), creatine phosphokinase
MB-fraction (CPK-MB), urea, creatinine, gamma-
glutamyl transferase, aspartate aminotransferase (AST)
and alanine aminotransferase (ALT).

In rats poisoned with Verapamil, elevated values
of early markers of myocardial damage CPK, CPK-MB
were found compared to healthy controls, respectively
295.66 U/L and 118.80 U/L (see Table 1) (P <0.001).

Treatment with the recommended dose of LE 1.5
ml/kg showed a slight increase in CK-MB (20.85 U/l),
while treatment with a very high dose of LE 10 ml/kg,
CPK-MB showed normal values (19.65 U/I), compared
with a human rate of 20 U/I. (No norm for rats).

Table 2 presents the laboratory parameters in all
studied groups of animals. Triglycerides, total
bilirubin, cholesterol, alkaline phosphatase, urea,
creatinine, gamma-glutamyl transferase (GGT) AST
and ALT in all groups remain normal. Normal values
are observed even in the group treated with a high dose
of Intralipid 20% 10 ml/kg.

Table 1
Laboratory parameters: results - rats
Laborato . Pretreated with Verapamil + LE | Verapamil+ LE
ndicaiors Healthy *verapamil | £ 1 5 mig s mi/kg ) miikg
Total bilirubin 2.09 0.52 3.53 4.88 2.40
Total cholesterol 1.72 1.57 2.13 1.64 1.72
Triglycerides 115 0.94 1.20 1.25 1.45
Alkaline 108.79 125.75 12387 12153 118.32
phosphatase
CPK 157.79 295.66 192.43 189.76 179.49
CPK-MB 18.92 118.80 21.21 20.85 19.65
Urea 6.93 10.41 7.34 6.76 7.38
Creatinine 39.59 45.92 38.32 33.25 43.39
GGT 2.27 1.85 2.34 421 0.69
AST 78.45 80.82 78.23 79.98 76.04
ALT 66 62.50 79.82 75.35 81.99

Discussion of the results of the histological
analysis. Histological analysis showed that LE
protected both cardiomyocytes and liver and lung
function and did not cause side effects. The
myocardium of rats treated with Verapamil showed
severe areas of necrosis, while in the group of rats
treated with low and high doses of LE 10 ml/kg the
myocardium had a preserved histological structure.

The experiment demonstrated that the treatment of
rats with a high dose of LE 10 ml/kg did not have
adverse effects on liver function. Hepatocytes with
preserved histological structure without evidence of
steatosis were observed microscopically. The highest
dose of LE tested was 4 g/kg. Its effects have been
studied on rabbits. Liver steatosis has been reported,
but without biochemical signs of liver dysfunction [7].

The lack of toxicity of LE on the internal organs is
confirmed by other authors. Hiller demonstrated that

high doses of LE 20, 40, 60 and 80 ml/kg did not cause
pathological abnormalities in the normal histology of
the myocardium, brain, pancreas and kidneys.
Microscopic abnormalities in the lung and liver have
only been observed at doses of 60 and 80 ml/kg, which
are significantly higher than those in humans and
support the safety of LE [8].

Administration of LE in high doses may induce
dose-dependent pulmonary fat embolism and ARDS.
The reason is that the high dose and rapid
administration of LE lead to an increase in the
concentration of free fatty acids due to the activation of
lipoprotein lipase. The high concentration of free fatty
acids causes vasoconstriction due to impaired
endothelium-dependent vasorelaxation. Fatty acid
infusion stimulates an increase in prostaglandin
concentration and endothelial dysfunction [9].
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In our study, we found no lung damage at either
low or high dose LE. LE in doses of 1.5 ml/kg and 10
ml/kg are safe. In support of the safety of LE, Levine
[10] hypothesized that pulmonary complications were
much more likely to be due to the disease itself than to
the administration of LE.

Based on our results, the best and at the same time
safe dose of LE as an antidote in an animal model of
Verapamil cardiotoxicity is 10 ml/kg. These findings
coincide with other leading researchers that high doses
of LE are more effective as an antidote. According to
Moshiri [9], in a Haloperidol neurotoxicity model in
rabbits, the best results were obtained at a dose of 12
ml/kg, while Harvey and Cave recommended 6 ml/kg
LE as an antidote to local anesthetic toxicity in rabbits
[11]. Perez reported that 18.6 ml/kg LE was the optimal
dose as an antidote to Verapamil toxicity in rats [12].

Discussion of the changes in laboratory
parameters. The present experiment showed that both
low and high doses of LE had a cardioprotective effect
in rats, as evidenced by the normalization of elevated
cardiac enzymes. CPK-MB is slightly elevated at a low
dose of LE 1.5 ml/kg (recommended by ASRA), but is
normal at a high dose of LE 10 ml/kg.

The lipid profile, liver and kidney parameters in
all groups remain normal. Normal values were
observed in the group of animals treated with a high
dose of Intralipid 20% 10 ml/kg, which confirms its
safety because there are no data on suspected liver, lung
and renal toxicity.

The safe profile of LE was demonstrated on 20
sedated rabbits in a Clomipramine toxicity model
treated with a dose very close to ours, namely LE 12
ml/kg. This is a dose that is much higher than the dose
of LE recommended by ASRA [13].

LD50 of 20% LE studied in an experiment with
rodents and mammals. It was found to be 67.72 ml/kg
in rats and 135 ml/kg in dogs. Such a dose is
significantly higher than the doses used for
resuscitation of patients, which supports the safety of
LE in therapeutic doses [8].

Conclusion. The present analysis showed that
both pretreatment and resuscitation with low or high
dose LE could reduce toxicity and prevent dose-
dependent asystole induced by Verapamil. Laboratory
parameters and histology of internal organs remain
normal, even at a high dose of LE 10 ml/kg which
proves its safety with short-term use as an antidote. LE
in doses of 1.5 ml/kg and 10 ml / kg are safe. These
results suggest that lipid emulsions can be used as an
innovative method for the treatment of acute exogenous
intoxications in humans, especially with hemodynamic
instability, when standard resuscitation protocols prove
ineffective.
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