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ABSTRACT 

Alpha-lipoic acid (ALA) is an endogenous antioxidant that is 

involved in the metabolism of energy inside the mitochondria, 

working as a cofactor of the enzyme-catalyzed reaction. It has strong 

free radical scavenging activity, which reduces all oxidative stress. 

The experimental study carried out the careful assessment of alpha-

lipoic in adult male rats (n=29). The proposed study was undertaken to 

evaluate the effects of alpha-lipoic acid on Propofol-induced general 

anesthesia in rats. The median effective dose (ED50) of alpha-lipoic 

acid was 45.43 mg/kg upon the intraperitoneal injection method via 

the up-and-down method. The paper further examined the effects of 

three doses of alpha-lipoic acid (30 , 60 and 120 mg/kg of 6 rats / 

group) on the onset, duration, and recovery periods of Propofol-

induced anesthesia. The results indicated that the onset time with 

recovery periods was significantly reduced and the duration of 

anesthesia prolonged with a dose-dependent effect compared to that of 

the control group (p < 0.05). These statistics suggest that ALA can 

potentiate the effects of propofol and might have clinical implications 

in terms of improving the quality of anesthesia and recovery processes. 
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1. Introduction   
Alpha-lipoic acid (ALA) is found in organisms 

naturally and protects the cells from oxidation and 

free radical stress. It can also be found in many 

foods such as leafy greens, potatoes, meats, and 

several organs, namely the liver, heart, and 

kidneys (1). ALA is an essential antioxidant, 

produced by the body, similar to vitamins (2). 

When taken as a dietary supplement, alpha-lipoic 

acid is produced in a synthetic manner because 

natural extraction is very costly (3). There are two 

forms of ALA, the R form and the S form; the 

first form is biologically active and is synthesized 

endogenously, whereas the latter is chemically 

synthesized and has a lower activity (4). The 

ability of ALA to directly scavenge oxidative 

stress and metal chelates and actively interact and 

renew other antioxidants such as glutathione as 

well as vitamins E and C are among the reasons 

that ALA acts as a cofactor to many mitochondrial 

enzymes, furthermore, ALA is anti-inflammatory 

(5). Another outstanding feature of ALA is that it 

is soluble in water and lipids, which means that it 

can spread all over the body with its own 

properties, which are unique (6). Thereby, various 

age-related pathologies connected with the 

oxidative stress, mainly cardiovascular diseases, 

including, e.g., ischemic heart disease, refer to the 

ALA as a remedy (7), hypertension (8) , heart 

failure (9), and atherosclerosis (7). It may 

decelerate ageing and extend lifetime (10). Many 

studies on ALA concentrate on diabetes 

prevention and the alleviation of diabetic 

neuropathy. Furthermore, some alternative 

healthcare practitioners have claimed that alpha-

lipoic acid may prevent or ameliorate various 

health issues, including alcoholic liver disease 

(11), human immunodeficiency virus (12), 

rheumatoid arthritis, and preterm birth (13). 

Alpha-lipoic acid (ALA) is a treatment alternative 

for diabetic patients with neuropathy, 

demonstrating effective results in disease 

management over a continuous dosing period of 

six months, alongside its safety profile (14). A 

study on mice demonstrated ALA's capacity to 

lower cholesterol levels in subjects consuming a 

high-fat diet, suggesting its potential for treating 

atherosclerosis (15). Recent studies have 

demonstrated its therapeutic efficacy in 

addressing some cancer types (16) , treating 

Alzheimer's disease (17) and treating metal 

poisoning, especially arsenic (16) . ALA 

possesses the capability to scavenge reactive 

oxygen species, chelate metals, and replenish 

glutathione, as well as vitamins E and C (16) 

Administering lipoic acid elevates cellular 

antioxidant levels, hence diminishing the efficacy 

of endogenous oxidants. Consequently, ALA 

functions as a biological antioxidant and offers 

neuroprotection (18). The anti-inflammatory 

properties of ALA are ascribed to its inhibitory 

action on inflammatory cytokines, particularly 

nuclear factor kappa B (NF-κB) (19). Alpha-lipoic 

acid is deemed safe for adult consumption for a 

duration of up to four years. Minor adverse effects 

may manifest, including cephalalgia, nausea, 

pyrosis, and emesis (20). When utilized as a 

topical ointment for the treatment of diabetic 

neuropathy (21), it is also safe for adults for a 

duration of up to 12 weeks. Certain users may 

encounter a rash (20). 

 

Materials and Methods 

   Ethical approval 
The Scientific Ethical Committee for the 

research was obtained from the Research Ethics 

Committee at the University of Duhok, College of 

Veterinary Medicine, Iraq, approved this study 

issued on 01- 10- 2024, numbered  

CVM2024\0110UoD. 

Laboratory Animals 

This study used twenty-nine adult albino male 

rats weighing between 180 - 250 gram , Rats were 

housed in polycarbonate cages at ambient 

temperature (22–25°C) under a 12:12 light-dark 

regimen. Animals were provided unrestricted 

access to a regular pellet diet and water. They 

underwent acclimatization a seven days to 

commencing the trial.  

Drug used 

-  Alpha-lipoic acid were used (600 mg/24 ml) 

produced in Wörwag Pharma. Company\ 

Germany.  

- Propofol were used (10 mg/ml) produced in 

Fresenius Kabi company \ Austria. 

Experimental design 

Experiment 1: Determining the acute 

median effective dose (ED₅₀) of alpha-lipoic 

acid in rats using up-and-down method.   
This experiment was conducted using the 

Dixon method (22) and include five healthy 

albino rats. An initial dose of Alpha Lipoic Acid 

(ALA) of 50 mg/kg of body weight was 

administered via the intraperitoneal method(23). 

The final response of ALA was characterized by 

an all-or-nothing analgesic effect (X denoting 

analgesia and O indicating absence of analgesia), 

evaluated for each animal 30 minutes post-

administration by the tail immersion test at a 
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water temperature of 55–56°C. The dose was 

increased or decreased by a fixed step value of 15 

mg/kg based on the previous animal’s response, 

with the repeating of this method as up and down 

for dose value in different rats. To estimate the 

ED₅₀ of ALA in rats, the following equation was 

used: ED₅₀ = Xf + Kd, where, ED₅₀ represents the 

median effective dose, Xf is the last dose used, 

and K is a constant from the Dixon table. d: 

Constant dose range (up and down dose) (22). 

Experiment 2: Pharmacological challenge 

of ALA with propofol to induce general 

anesthesia. 
To assess the enhancing effect of ALA on 

anesthesia induced by Propofol, twenty-four rats 

were used and randomly distributed to four 

groups. (6 animals\ group) 

First group: Control (Normal saline, 5 ml/kg) i.p. 

daily for 2 weeks. 

Second group: ALA at 30 mg/kg i.p. daily for 2 

weeks. 

Third group: ALA at 60  mg/kg i.p. daily for 2 

weeks. 

Fourth group : ALA at 120  mg/kg i.p. daily for 

2 weeks. 

After a 14-day regimen of (ALA), the rats 

received an anesthetic dose of Propofol at 100 

mg/kg via intraperitoneal injection(24) . Time of 

induction of anesthesia was recorded; this was the 

time between the administration of propofol and 

disappearance of body righting reflex on each rat 

individually. The duration of the anesthesia was 

defined as the time between the disappearance of 

a reflex triggering orientation of the body and the 

regaining of the normal posture of the rats. The 

time during which the subject took to recover to 

the righting reflexes was recorded as the recovery 

period, during which it might regain movements; 

this was the time of reinstatement of movement. 

Statistical Analysis 
The data were processed with the help of the 

program IBM SPSS Statistics (Version 27). The 

data obtained regarding the effect of alpha-lipoic 

acid treatment on the health parameters as well as 

on the anesthetic response to propofol in the rat 

animals was compared with one- way  analysis 

ANOVA. I averaged the scores and arrived at the 

interpretations that came out of the post-hoc 

analysis of the Tukey HSD. The results were 

represented as Means ± SE (standard error), and 

the significance was considered as p ≤ 0.05. 

 

Results and Discussions 
In the current study, considerable information 

is provided on the pharmacological profile of 

alpha-lipoic acid as far as Propofol-induced 

anesthesia is concerned. These unique antioxidant 

properties, along with its being an amphiphilic 

molecule, also allow ALA to work in both the 

hydrophilic and lipophilic food environments (25) 

as well as metal-chelating (19),  it supported its 

protective characteristics in regard to several 

forms of oxidative stress, cardiovascular disease 

and neurodegeneration (18). 

The acute median effective dose (ED50) of 

alpha-lipoic acid was 45.43 mg/kg, i.p., and the 

analgesic signs in the rats injected with ALA were 

observed within 5–15 minutes of the 

administration, such as a delayed tail withdrawal 

response during the hot water test (55–56 

degrees), decreased pain sensation, sedation, and 

an extended time of the latency period. (Table 1). 

The current study demonstrates that ALA has 

rapid analgesic effects, with mechanisms 

involving antioxidant activity and 

neurotransmitter modulation. (2), These findings 

align with other studies but differ in dosing and 

administration routes (26 ,27). 

The observations indicate that alpha-lipoic acid 

(ALA) considerably influences Propofol-induced 

anesthesia in a dose-dependent manner relative to 

the control group administered Propofol with 

normal saline. Administration of ALA at dosages 

of 60 and 120 mg/kg markedly reduced the onset 

of anesthesia, with the highest dose (120 mg/kg) 

resulting in the swiftest induction time (2.2 ± 0.26 

min) in comparison to the control group and the 

second group (5.3 ± 0.30 and 4.9 ± 0.44, 

respectively). The duration of anesthesia was 

significantly extended in the 120 mg/kg group 

(237.3 ± 15.8 min) compared to the control, 

second, and third groups (184.6 ± 12.9, 187.0 ± 

24.1, and 211.8 ± 8.0, respectively). Table II. The 

recovery period was markedly reduced due to the 

dose-dependent effects of ALA treatment across 

all treated groups compared to the control group 

(Table 2). ALA markedly improved the 

effectiveness of Propofol anesthesia in a dose-

dependent fashion by diminishing the onset time, 

extending the duration of anesthesia, and 

expediting recovery. This finding indicates a 

synergistic interaction between ALA and 

propofol, a phenomenon corroborated by other 

studies in which antioxidants influenced 

anesthetic outcomes. Administration of ALA at 

doses ranging from 50 to 200 mg/kg has been 

documented to mitigate isoflurane-induced 

cognitive deficits and oxidative damage in aged 
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rat models (28), While it was proven that 

perioperative ALA treatment mitigated oxidative 

brain injury and enhanced cognitive outcomes in 

patients receiving sevoflurane anesthesia (29). 

The concurrent administration of ALA and 

propofol may provide additive or synergistic 

neuroprotection by addressing mitochondrial 

malfunction and reactive oxygen species 

production, which are significant factors in 

anaesthesia-induced neurotoxicity (30). The 

modification of anesthetic properties by ALA 

presumably involves many mechanisms. Its direct 

reactive oxygen species scavenging and metal 

chelation mitigate oxidative damage during 

anaesthesia, while its facilitation of mitochondrial 

activity bolsters neural resilience and recovery 

(31). By maintaining mitochondrial integrity and 

diminishing oxidative stress, ALA may stabilize 

brain networks, promoting expedited induction 

and recovery from anesthesia. The augmentation 

of Propofol anesthesia by ALA indicates possible 

uses in enhancing anesthesia quality and safety, 

decreasing aesthetic dosages, and mitigating 

postoperative cognitive impairment. This study 

adds to the increasing evidence that ALA is a 

potential adjunct in anaesthesia, enhancing 

efficacy while improving clinical trials. 

Table (1): Determination of ED₅₀ of Alpha Lipoic 

Acid in Rats by Intraperitoneal Route 

Measures Result 

Median effective 

dose (ED₅₀) 

45.43 mg/kg 

Dose range used 30–75 mg/kg 

Initial dose 50 mg/kg 

Last dose 50 mg/kg 

Up and down 

dose 

15 mg/kg 

Number of rats 5 (OXOXO) 

Onset of action 5–15 minutes 

Analgesic signs Delayed tail withdrawal, 

reduced pain response, 

calmness 

X: Presence of analgesia 

(increased latency > pre-

injection) 

O: Absence of analgesia 

(latency same or less than 

baseline) 

 

 

 

 

 

 

 

Table (2): Pharmacological challenge of ALA 

with propofol to induce general anaesthesia 

Groups Onset 

(min)       

Duration 

(min) 

Recovery 

(min) 

Control 

(Propofol+ 

N.S) 

5.3 ± 

0.30 

184.6 ± 

12.9 

96.17 ± 

18.5 

ALA 30 

mg/kg 

4.9 ± 

0.44 

187.0 ± 

24.1 

27.67 ± 

7.1* 

ALA 60 

mg/kg 

3.0 ± 

0.08*a 

211.8 ± 

8.0 

25.17 ± 

2.2* 

ALA 120 

mg/kg 

2.2 ± 

0.26*a 

237.3 ± 

15.8*a 

17.50 ± 

2.8* 
The values represent the Mean ± SE for (6) rats\ group. 

*: Denote a significant difference compared with the 

control group at (p ≤ 0.05) 

a: Denote a significant difference compared with the 30 

mg/kg group at (p ≤ 0.05) 

Conclusions  

The observed synergistic interaction in this 

study between ALA and propofol indicates that 

ALA may function as a beneficial adjunct in 

clinical anaesthesia, potentially enhancing the 

quality of induction, prolonging the effective 

duration of anaesthesia, and promoting expedited 

postoperative recovery. The ALA exhibits 

considerable potential to improve anesthetic 

results when delivered alongside propofol, 

enhancing both efficacy and recovery profiles. 

Further research is necessary to clarify the 

specific molecular pathways responsible for these 

effects, evaluate long-term safety in diverse 

populations, and confirm these findings in clinical 

environments. Such investigations will be 

essential to properly ascertain the therapeutic 

potential of ALA as an adjuvant in anaesthesia 

practice, assuring improved patient outcomes and 

safety. 
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التحدي الدوائي  لحامض الالفا ليبوك  وتداخله مع التخدير العام المحدث بواسطة البروبوفول في 

 نموذج الجرذان

 
  2محمود بشير محمود, 1فلاح حسن حاجم

                                              

 
.جامعة دهىك التقنية، دهىك، العراق -قسم الصيدلة، المعهد التقني في دهىك  1  

جامعة دهىك، دهىك، العراق -قسم الجراحة والطب الباطني، كلية الطب البيطري  2  

    

 الملخص

فً اسرقلاب انطاقح انًٍرٕكَٕذسٌح، حٍس ٌعًم كعايم يساعذ نٍثٌٕك يضاد أكسذج طثٍعً ٌهعة دٔسًا  -ٌعرثش حًض أنفا

نهرفاعلاخ الإَضًٌٍح.ٔ ٌرًرع تقذساخ قٌٕح عهى انرقاط انجزٔس انحشج انرً ذقهم يٍ الإجٓاد انرأكسذي انُاذج يٍ  انرفاعلاخ 

انرخذٌش انعاو انُاجى عٍ (  ٔذذاخهّ يع ALAنٍثٌٕك )-الاٌضٍح نهخهٍح. حٍس ْذفد ْزِ انذساسح إنى ذقٍٍى ذأشٍش حًض أنفا

يهغى/كغى تعذ  45.43نٍثٌٕك -( نحًض أنفاED50انثشٔتٕفٕل فً ركٕس انجشراٌ.كاَد انجشعح انحادِ انفعانح انًرٕسطح )

 60ٔ 30نٍثٌٕك  )-انحقٍ داخم انصفاق. تالإضافح إنى رنك، تحصد انذساسح ذأشٍش شلاز جشعاخ يخرهفح يٍ حًض أنفا

نٍثٌٕك -ٔيذج ٔفرشج انرعافً يٍ انرخذٌش انُاذج عٍ انثشٔتٕفٕل.أظٓشخ انُرائج أٌ حًض أنفا يهغى/كغى( عهى تذاٌح 120ٔ

قهم تشكم يهحٕظ ٔقد انثذء ٔفرشِ انرعافً يٍ انًخذس، تًٍُا أطال يذج انرخذٌش تطشٌقح ذعرًذ عهى انجشعح. ذشٍش ْزِ 

شٌح فً ذحسٍٍ جٕدج انرخذٌش َٔرائج انرعافً فً  ٌعضص فعانٍح انثشٔتٕفٕل ٔقذ ٌكٌٕ نّ أًٍْح سشٌ ALAانثٍاَاخ إنى أٌ 

              انعًهٍاخ انجشاحٍح .

 .حامض الالفا ليبوك,  الجرعه الفعالة الوسطية, التخدير العام, بروبوفول الكلمات المفتاحية:
 

    
 

 


