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ABSTRACT

Introduction. Anaesthesia is frequently administered through Monitored Anaesthesia Care (MAC) utilising 
various combinations of anaesthetic drugs for moderately painful operations like Dilatation and Curettage 
(D&C), which is preferably done as a daycare procedure. The hunt for improved drug combinations is always 
ongoing, and the pharmacological properties of the individual drugs are considered. In this regard, anaes-
thesiologists all over the world are quite fond of the combination of Ketamine and Propofol, which is also 
known as Ketofol. Recently, especially in situations involving MRI sedation, the combination of ketamine and 
dexmedetomidine (Dexket) has gained popularity. This study compares the combinations for MAC during 
D&C surgeries in a daycare setting.
Aim. The primary objective was to estimate the recovery times using either combination. Secondarily, we 
would also compare the duration of analgesia, the haemodynamics, and the side-effect profi les of the two 
combinations.
Material and methods. This study enrolled 60 patients posted for elective D&C. According to standard insti-
tutional protocols, they were administered Ketofol (KP group) or Dexket (KD group), depending on the anaes-
thesia provider’s choice. The Ketofol group received Ketamine 1mg/kg and Propofol 1mg/kg with boluses of 
Ketamine 0.25mg/kg to maintain the depth of anaesthesia using Ramsay sedation score (RSS) >3. KD group 
received Dexmedetomidine intravenously 1mic/kg over 10 minutes followed by ketamine 1mg/kg boluses of 
Ketamine 0.25mg/kg to maintain the adequate anaesthetic depth of RSS > 3.
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Results. The Recovery time in post-operative period was signifi cantly prolonged in the KD group (mean 22.77 
minutes) compared to the KP group (mean 17.8 minutes). The total duration of analgesia was also longer in 
the KD group (250 minutes vs 220 minutes in the KP group). It was seen that the hemodynamic variables 
(HR, SBP, DBP) were consistently higher in the KD group compared to the KP group. There was a signifi cant 
difference in SBP, DBP, and MAP in the intraoperative period between the KP and KD groups till 4hr in the 
postoperative period.
Conclusions. We conclude that a combination of Dexmedetomidine and Ketamine has longer recovery times 
and analgesia duration than a combination of Propofol and Ketamine. Side effects like postoperative nau-
sea and vomiting are not signifi cant. However, since the recovery times are comparatively longer in a day-
care setting, dexmedetomidine and Ketamine may not be the preferred agents compared to the combination 
of Ketamine and Propofol in the context of a daycare setting.

Introduction

Short-duration and moderately painful surger-
ies can be performed under Monitored Anaes-
thesia Care (MAC) [1]. An ideal sedative medica-
tion should be consistently effective in having 
rapid onset, easy titration, high clearance, and 
low side effects, specifi cally a lack of cardiovas-
cular and respiratory depression. Due to the lack 
of an ideal agent, sedation techniques for MAC 
frequently combine agents to provide analgesia, 
amnesia, and hypnosis with complete and rap-
id recovery that was appropriate for a particular 
surgical procedure with the least amount of side 
effects, such as postoperative nausea and vomit-
ing (PONV), prolonged sedation, and cardiorespi-
ratory depression.

Propofol has emerged as safe and effi cacious 
for short-duration surgeries, daycare procedures, 
MRI sedation, dental, and other non-operating 
room anaesthesia (NORA) [2]. Its main drawback 
is its lack of analgesia; hence, it needs to be used 
in combination with an analgesic. Ketamine, an 
NMDA(n-methyl d-aspartate) receptor antago-
nist in sub-dissociative doses, acts as a good 
analgesic.

Ketamine and Propofol combination has been 
widely used worldwide and is fondly termed 
‘Ketofol.’ After the advent of Dexmedetomidine 
in the past few years, studies have been done to 
see if Ketamine and Dexmedetomidine (Dexket) 
can be a favourable combination in this regard. 
Dexket combination has gained traction in the 
paediatric population and for MRI sedation [3]. 
We wanted to compare this newer combination of 
Dexket against the gold standard Ketofol in man-
aging cases with mild to moderate pain like dila-

tation and curettage. The study aimed to assess 
the recovery times and duration of analgesia of 
the two drug combination groups. The secondary 
objectives were to compare hemodynamic sta-
bility, side effects (PONV), and the need for addi-
tional boluses to maintain anesthetic depth.

Material and methods

This experimental, double-blinded, randomized 
study was conducted from November 2019 to May 
2021 in a tertiary care hospital in southern India. 
The sample size was calculated from previous 
studies as a reference [2,3]. During the sample 
size calculation, we have taken β (type 2 error) as 
20pc, which gives 80 percent power to the study 
(power = 1-β). We got a sample size of 30 in each 
group. After receiving approval from the institu-
tional ethics committee (IEC/NRIIMS/A/2/2017), 
out of all the patients posted for dilatation and 
curettage electively in the gynaecological oper-
ation theatre, 60 patients were enrolled into the 
study retrospectively from the anaesthesia charts 
after observing the medications received. As per 
the ethics committee's decision, informed con-
sent was taken from all patients. According to our 
departmental protocol, Ketofol and Dexket are 
administered in our institute in a predetermined 
dosage: Ketofol: 1% Propofol 1mg/kg and Ket-
amine 1mg/kg at induction. Dexket: Dexmedeto-
midine 1mic/kg was administered intravenously 
over 10 minutes, followed by ketamine 1mg/kg. 
Any further requirement of an anaesthetic drug 
was to be managed using boluses of Ketamine 
0.25mg/kg to maintain adequate depth in either of 
the groups. Patients were divided into two groups 
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based on their medications: Ketamine and Propo-
fol (Group KP) or Dexmedetomidine and Ketamine 
(Group KD). Each group was allotted 30 patients. 
The anesthesia consultants who administered 
anesthesia made decisions about the anaes-
thetic regimen based on their preferences with-
out being aware of the patient's enrollment sta-
tus in the study. The researchers conducting the 
study enrolled the patients using computer-gen-
erated random allocation. Researchers took the 
data from anaesthesia charts of the respective 
enrolled patients once the computer-generated 
sequence was received

We included patients in the American Society 
of Anesthesiologists (ASA) grade II group, those 
aged between 18 and 65 years, undergoing elec-
tive surgery, and having no routine analgesic use 
in the last 24 hours. Whereas patients who were 
receiving extra opioid analgesics, with a known 
heart, kidney, liver, haematological, psychiat-
ric disease, anaemia, analgesic hypersensitivity, 
morbidly obese, patients who were very anxious, 
patients who developed any complications dur-
ing or after surgery, and could not cooperate in 
the postoperative period, were excluded from the 
study.

After shifting the patient to the operation 
theatre, both groups received similar fluids and 
monitoring. IV (intravenous) cannula of 18G and 
ringers lactate were started for all patients. All 
patients were monitored by Electrocardiogram 
(ECG), heart rate (HR), non-invasive blood pres-
sure (NIBP), peripheral oxygen saturation (SPO2), 
and respiratory rate (RR). Airway supplementation 
in the form of oxygen by mask was instituted.

Patients were ventilated with a bag mask when 
required. Recovery time was calculated from the 
time of loading dose till the patient achieved 
Ramsay sedation score <2. Duration of analgesia 

was calculated from the time of loading dose till 
the patient complained of pain with VAS >3. Res-
cue analgesia in PACU was done with Inj. Trama-
dol 100mg iv if VAS score >3, and this marks the 
end point of the study.

Several intra-operative additional doses of 
in. ketamine (0.25mg/kg) IV as a supplemental 
dose if Ramsay Sedation Score <3 was noted, 
and the number of such supplemental doses was 
documented. Post-operative nausea and vomit-
ing, Ramsay sedation score, and visual analogue 
score (VAS) for pain were recorded hourly for 6 
hours in the post-anaesthesia care unit (PACU). 

Data collected was entered in the Microsoft 
Excel [4] spreadsheet and later transferred into 
Jamovi software [5] for analysis. Parametric data 
was represented by means and standard devia-
tions, and numbers and percentages expressed 
non-parametric data. Statistical tests like t-test 
for continuous data and chi square for categori-
cal data were used. P Value ≤ 0.05 was consid-
ered statistically signifi cant.

Results

Baseline characteristics like Age, Weight, Height, 
and BMI were compared, and the groups were 
evenly matched with no signifi cant variations 
(Tables 1, 2). The pre-operative baseline values 
of HR, SBP, DBP, MAP, SPO2, Respiratory rate, 
and Ramsay sedation scores were comparable 
in both groups (Table 2). In the intraoperative 
period, among all the monitored parameters, we 
observed that the hemodynamic variables (SBP, 
DBP, MAP, HR) were consistently higher in the KD 
group compared to the KP group (Figures 1–8). 
There was a signifi cant difference in SBP, DBP, 
and MAP in the intraoperative period between 

Table 1. Baseline characteristics.

 Group N Mean Std. Deviation P-Value
Age

 
KP 30 44.83 9.05 0.216 (NS)

 KD 30 41.43 11.80
Weight

 
KP 30 59.37 5.67 0.812 (NS)

 KD 30 59.73 6.18
Height

 
KP 30 158.77 4.38 0.82 (NS)

 KD 30 158.53 3.48
BMI

 
KP 30 23.59 2.00 0.791 (NS)

 KD 30 23.72 1.88

NS – non-signifi cant
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the KP and KD groups until 3hr in the postop-
erative period. The Recovery time in the postop-
erative period was also statistically signifi cant, 
with the KD group (mean 22.77 mins) having 

a delayed recovery compared to the KP group 
(mean 17.8 mins). 

The blood pressure (SBP, DBP, MAP) and heart 
rate (Figures 2, 4, 6) were persistently higher up 

Figure 2. Mean systolic blood pressure (SBP) in the postoperative period.

Table 2. Preoperative baseline vitals.

 Group N Mean Std. Deviation P-Value
HR
 

KP 30 80.53 11.063 0.087 (NS)
 KD 30 75.6 10.912

SBP
 

KP 30 119.53 12.311 0.487 (NS)
 KD 30 117.13 14.224

DBP
 

KP 30 71.8 8.438 0.766 (NS)
 KD 30 71.13 8.85

MAP
 

KP 30 86.13 8.161 0.094 (NS)
 KD 30 90.13 9.947

SPO2
 

KP 30 99.6 0.498 0.087 (NS)
 KD 30 99.23 0.728

RR
 

KP 30 12.27 1.66 0.094 (NS)
 KD 30 13.03 0.999

RSS
 

KP 30 2 0  
 KD 30 2 0

NS – non-signifi cant; HR – heart rate, SBP = systolic blood pressure, DBP = diastolic blood 
pressure, MAP = mean arterial pressure, SPO2 = pulse oxygen saturation; RR – respiratory 
rate, RSS – Ramsay sedation score

Figure 1. Mean systolic blood pressure (SBP) in the intraoperative period.
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Figure 3. Mean diastolic blood pressure (DBP) in the intraoperative period.

FIGURE 6: Mean arterial pressure (MAP) in the  postoperative period.

Figure 5. Mean arterial blood pressure (MAP) in the intraoperative period.

Figure 4. Mean diastolic blood pressure (DBP) in the postoperative period.
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to 3 hours and gradually became comparable 
around 4 hours in the postoperative period. The 
difference between the recovery times in the KP 
group was 17.8 mins vs 22.7 mins in the KD group 
(Table 3). This difference was statistically sig-

nifi cant. Repeat boluses of Ketamine were much 
lesser in the KD group (mean 15.5 times) vs the 
KP group (mean 45.5 times) (Table 4). PONV in 
both groups was comparable, with four incidenc-
es in the KP group compared to 7 times in the KD 

Figure 8. Mean heart rate (HR) in the postoperative period.

Figure 7. Mean heart rate (HR) in the intraoperative period.

Table 3. Time of recovery (in minutes).

Group N Mean Std. Deviation P-Value
KP 30 17.8 2.759 *0.001 (Sig)

 KD 30 22.77 2.991

Sig – signifi cant

Table 4. Repeat ketamine boluses (number of doses).

Group N Mean P-Value
KP 30 45.5 *0.001 (Sig)

 
 

KD 30 15.5
Total 60  

Sig – signifi cant

Table 5. Postoperative nausea and vomiting.

Ponv Group Total(%) P-Value
 KP KD   

YES 4 7 11 (18.33%) 0.317 (NS)
NO 26 23 49 (81.67%)  

TOTAL 30 30 60  

NS – non-signifi cant

Table 6. Total duration of analgesia (in minutes) (rescue an-
algesia).

Group Rec N Mean Std. Deviation P-Value
KP 30 220 15 *0.01 (Sig)

 KD 30 250 13

Sig – signifi cant
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group. It was statistically insignifi cant (Table 5). 
The duration of analgesia or time for rescue anal-
gesia was longer in the KD group than in the KP 
group (mean = 250 mins vs 220 mins) (Table 6).

Discussion

Dexmedetomidine, when used individually, is not 
effective for painful procedures undergoing sur-
gery [6], but along with other agents, it may prove 
extremely benefi cial due to its sedative action, 
no respiratory depression, and good hemody-
namic stability. Ketamine, an N-methyl-D-aspar-
tate receptor antagonist, is one of those adjuvant 
drugs due to its sedative, analgesic, and sym-
pathomimetic effects [7]. The combination of ket-
amine with dexmedetomidine can serve not only 
to eliminate the slow onset of sedation but also 
to prevent the bradycardia and hypotension that 
occur when dexmedetomidine is used as a sole 
agent [8]. However, a pilot study by Sethi P et al. 
Dexmedetomidine was found to be superior to 
Propofol in D&C procedures [9].

The combination of Ketamine and Propofol 
is widely popular as they are complementary; 
Propofol has no analgesic action, is hypotensive, 
and causes respiratory depression, while Ket-
amine has very good analgesia, is sympathomi-
metic, and doesn’t cause respiratory depression. 
In addition, Propofol has antiemetic properties. In 
this regard, a meta-analysis has shown that Keto-
fol has shown high effi cacy for procedural seda-
tion and analgesia when compared to Propofol 
alone [10].

In another meta-analysis comparing Keto-
fol and Dexket, the authors observed that both 
combinations can provide effective sedation and 
maintain stable hemodynamics. They suggested 
Dexket as the preferred combination as there were 
very few respiratory complications compared to 
Ketofol, but they also stated that Dexket had lon-
ger recovery times compared to Ketofol [11].

The primary outcome of this study was to com-
pare the recovery times between the two groups, 
as this would affect the turnover times in daycare 
procedures. Our study found a statistically sig-
nifi cant difference in the recovery times between 
the two groups, shorter in the Ketofol group than 
in the Dexket group by nearly 5 minutes per case. 
This accounted for about 50 minutes, on average, 

over 10 cases/day. This directly affects the num-
ber of cases that could be performed per day and 
the number of caregivers required in the PACU. 
The longer recovery time seen with dexmedeto-
midine compared to propofol can be explained 
by the difference in the pharmacokinetic profi le 
between the two drugs. The elimination half-life 
of dexmedetomidine in healthy volunteers was 
about 2.1−3.1 hours [4], and for propofol, it was 
nearly 40 minutes, irrespective of a bolus dose or 
short-term infusion (<8 hours) [12].

We went into this study with our null hypoth-
esis that Dexket and Ketofol would both be equal-
ly effective anaesthetic agents, but our research 
revealed that hemodynamic variables were not 
effectively regulated in the KD group. Despite 
the fact that other studies have not encoun-
tered this problem, we believe that Propofol has 
a better hypotensive effect than Dexmedetomi-
dine. However, the raised hemodynamic persist-
ed at an elevated level for 4 hours after surgery, 
which is diffi cult to explain but might be related 
to two factors: a) a much lower number of repeat 
boluses administered in the KD group, 15.5 times 
vs 45.5 times in KP group (Table 5) b) relatively 
small sample size of the study population. Koruk 
et al. [13] in paediatric cardiac catheterization 
and Canpolat et al. [14] for paediatric burn dress-
ing changes, both studies reported that ketamine 
dexmedetomidine combination led to lower 
recovery time than ketamine propofol combina-
tion in paediatric cardiac catheterization. This 
was in contrast to our fi ndings, as the KD group 
was found to have longer recovery times. Tosun 
et al. [15] concluded that ketamine dexmedetomi-
dine combination led to a longer recovery time in 
paediatric cardiac catheterization; this fi nding is 
in line with our observation.

The duration of analgesia in the KD group 
was 250 minutes vs 220 minutes in the KP group, 
which was statistically signifi cant. Canpolat et al. 
[14] also report similar results of longer analgesia 
with the Dexmedetomidine combination group.

PONV incidence was 4 in the KP group and 7 
in the KD group. By comparison, Goyal et al. [16] 
observed vomiting episodes in 4 patients with 
the Dexket combination for upper gastrointes-
tinal endoscopy compared to the Ketofol group, 
which had no incidence of PONV. Our results 
were slightly higher in the KD group than in oth-
er studies since Propofol has antiemetic proper-
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ties. Repeat bolus doses of Ketamine were higher 
in the KP group than in the KD group (45.5 times 
vs 15.5 times). This may be explained due to the 
anaesthesia provider’s inexperience with the new 
drug combination, as Ketofol is still the preferred 
regimen for most MAC cases in our hospital.

Conclusions

Based on the fi ndings of our study, it may be con-
cluded that adding dexmedetomidine to ketamine 
is a reasonable alternative to the combination of 
ketamine and propofol for Monitored anaesthesia 
care. However, due to the longer recovery times 
of the combination, it may not be suitable for 
daycare procedures, especially procedures that 
are conducted later in the operating room sched-
ule. The Dexmedetomidine and Ketamine com-
bination was found to have a longer duration of 
analgesia, which may be useful for some surger-
ies and in non-day-care surgeries. The inferior 
hemodynamic stability of this combination needs 
further studies to corroborate our fi ndings, pref-
erably with better objective monitors like BIS to 
assess the depth of anaesthesia.
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ABSTRACT

Introduction. The idea of a neuromuscular defect in migraine relates to the emergence of mutations in the 
CACNA1A gene that encodes the subunit of P/Q-type calcium channels in the motor nerve terminals. This 
study used single-fi bre electromyography (SFEMG) to investigate the potential impact of an underlying chan-
nelopathy on subclinical neuromuscular transmission at the motor end plate in different types of migraine. 
Additionally, we sought to validate previous fi ndings, explore the pathophysiology, and examine any potential 
relationship between neuromuscular dysfunction and disease severity using the Migraine Disability Assess-
ment Scale (MIDAS) and Visual Analog Scale (VAS).
Material and methods. We enrolled 25 healthy volunteers, 30 migraineurs with aura and 30 without aura 
diagnosed according to the 2018 criteria of the International Headache Society. Voluntary SFEMG was per-
formed on the frontalis muscle. Jitter values were analysed, including the mean individual jitter values of the 
migraine group, the number of fi bers with increased jitter, the mean Mean Consecutive Difference (MCD), and 
the lowest and highest jitter values, which were then compared with those of the control group. The intensity 
of the migraine attacks was assessed using the VAS, while disability was evaluated using the MIDAS.
Results. Our fi ndings revealed that the highest jitter values in migraine patients were signifi cantly high-
er than those observed in the control group. Furthermore, we conducted a subgroup analysis within the 
migraine group and found that individuals with aura had higher average MCD values compared to those with-
out aura and the control group. Additionally, we examined the association between MIDAS and VAS scores 
with increased jitter values and neuromuscular transmission abnormalities, but no statistically signifi cant 
correlation was found (p = 0.327).
Conclusions. Our study supports the presence of motor endplate dysfunction in migraines, as indicated by 
previous literature, particularly in migraines with aura when compared to individuals without aura and con-
trols. This fi nding aligns with the concept that this dysfunction may stem from a channelopathy associated 
with a genetic predisposition. Additionally, we found no clinical relationship between the neuromuscular dis-
order, the severity of the disease, and its disability.
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Introduction

Migraine is a common headache disorder char-
acterised by recurrent, unilateral, and throbbing 
pain, often accompanied by temporary disability. 
Genetic factors have been implicated in the aeti-
ology of migraine, based on fi ndings from family, 
twin, and population-based studies, suggesting 
a multifactorial mechanism [1,2].

Emerging evidence supports the notion of 
a neuromuscular defect in migraine, prima-
rily linked to mutations in the CACNA1A gene. 
This gene encodes the pore-forming subunit of 
P/Q-type calcium channels in motor nerve ter-
minals. The release of acetylcholine, a neuro-
transmitter, is mediated by these channels and 
has been associated with familial hemiplegic 
migraine, a rare hereditary form of migraine [3]. 
Research indicates that CACNA1A may also be 
involved in other types of migraine, particularly 
migraine with a prolonged aura [4]. Apart from 
their role in the brain, these channels are present 
at motor nerve endings, where they regulate the 
release of acetylcholine in response to stimula-
tion. While there is no direct clinical evidence sug-
gesting abnormal neuromuscular transmission in 
migraine patients, previous studies have reported 
varying fi ndings. Certain studies using SFEMG 
have identifi ed subtle subclinical abnormali-
ties in different subgroups of migraine patients 
[5–8]. Terwindt et al. asserted that single-fi ber 
electromyography (SFEMG) exhibited normal 
characteristics in familial hemiplegic migraine 
type 1 (FHM1). Their conclusion was drawn from 
observing normal mean Mean Consecutive Dif-
ference (MCD) values and the absence of fi ber 
blockages. This stands in contrast to fi ndings by 
Ambrosini et al., primarily because Terwindt et al. 
did not examine MCD irregularities in individual 
fi bers, a factor found to be abnormal in Ambro-
sini et al.'s investigations despite also reporting 
a normal mean MCD [5]. 

Migraine is currently understood as a polyge-
netic and multifactorial disorder, yet its patho-
genesis remains incompletely elucidated. Neu-
rophysiological tests and analysis of clinical 
features, genetic factors, and environmental 
influences hold promise in shedding light on the 
underlying mechanisms. Detecting neuromus-
cular transmission disorders through SFEMG 
could effectively identify specifi c phenotypes of 

migraine patients, aiding in selecting candidates 
for further genetic testing and targeted treat-
ment. Additionally, medications that modulate 
P/Q-type calcium channels may offer therapeu-
tic benefi ts for migraine management. This study 
aims to assess the presence of neuromuscular 
conduction abnormalities using SFEMG in dif-
ferent types of migraine and investigate potential 
associations between these fi ndings, pain sever-
ity, and disability caused by the disease.

Material and methods

The study was conducted in the Ankara Yıldırım 
Beyazıt University, Faculty of Medicine's Hospi-
tal between June 2018 and February 2019. The 
Ethics Committee of Ankara Yıldırım Beyazıt 
University, Faculty of Medicine, granted ethical 
approval for the study. All participants provided 
informed consent before their participation. The 
study included 85 participants, with 73 females 
and 12 males. The patient groups consisted of 
30 patients with migraine without aura and 30 
patients with migraine with aura (visual and sen-
sory). These patients were recruited from the 
neurology clinic and met the inclusion criteria. 
The sample comprised female and male patients 
aged between 18 and 55 years (mean age 32.18 
± 7.92 years), all of whom had a confi rmed diag-
nosis of migraine according to the criteria estab-
lished by the International Headache Society in 
2013 [9]. Additionally, a control group comprised 
of 25 healthy volunteers matched with the patient 
group regarding age and gender distribution.

Exclusion criteria for the study included the 
presence of any other signifi cant health condi-
tions within the past three months, current use of 
migraine medication, history of chronic migraine, 
and suspected medication overuse. Patients with 
diabetes and high HbA1c levels were also exclud-
ed, as previous research has shown that SFEMG 
abnormalities can be observed in individuals 
with elevated HbA1c levels and diabetic neurop-
athy [10]. All migraine patients were assessed 
during the interictal period, defi ned as one week 
after their most recent migraine attack. The EMG 
examiner conducting the assessments was blind 
to the migraine status of the patients.

To assess the intensity of the migraine attacks, 
the visual analog scale (VAS) was utilised, while 
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disability related to migraine was evaluated 
using the Migraine Disability Assessment Score 
(MIDAS) questionnaire [11]. The MIDAS question-
naire is a brief, self-administered tool consist-
ing of seven items (with fi ve scored items) that 
measure headache-related disability. The VAS, 
commonly used as an outcome measure in such 
studies, is presented as a 100-mm horizontal line 
where the patient indicates their pain intensity by 
marking a point between the two extremes of "no 
pain at all" and "worst pain imaginable". The VAS 
is recognised for its simplicity, reliability, validity, 
and ratio scale properties, making it an optimal 
tool for assessing pain severity or intensity [12].

Table 1 summarises the demographic data of 
the patients.

Electrophysiological study

Electrophysiological assessments were con-
ducted at the Electrophysiology Laboratory of 
the Neurology Clinic at Atatürk Training and 
Research Hospital, utilising a Dantec-Keypoint 
electromyography device. SFEMG studies were 
performed using a concentric needle electrode 
in both the patient and control groups while the 
participants voluntarily contracted their fronta-
lis muscles. The device's upper and lower fre-
quency fi lters were set to 10,000 Hz and 1000 Hz, 
respectively. For each jitter analysis, a minimum 
of 100 traces were recorded. In total, 20 different 
pairs of single-fi ber potentials were recorded for 

Table 1. Variable distribution table of individuals on a general basis.

Variables Number (percentage)
n (%)

Gender
 Women 73 (85.9)
 Men 12 (14.1)
Group
 Control 25 (29.4)
 Migraine 60 (70.6)
Type of Migraine (patient with migraine only)
 Migraine without aura 30 (50.0)
 Migraine with aura 30 (50.0)
Type of Aura (patient with migraine only)
 Visual 24 (80.0)
 Sensory 4 (13.3)
 Visual and sensory 1 (3.35)
 Auditory 1 (3.35)
Relationship with Menstrual cycle (patient with migraine only)
 Not related 29 (51.8)
 Related 27 (48.2)
Attack Frequency (patient with migraine only)
 Less than 1 in a month 1 (1.7)
 Monthly 5 (8.3)
 2–3 in a month 15 (25.0)
 Weekly 13 (21.7)
 2–3 in a week 19 (31.7)
 Daily 7 (11.7)
Jitter interpretation
 Normal 69 (81.2)
 Borderline 11 (12.9)
 Jitter Impairment 5 (5.9)
Attack length (patient with migraine only)
 Less than 12 hours 9 (15.0)
 12 hours – 1 day 2 (3.3)
 1 day 21 (35.0)
 2 day 16 (26.7)
 3 day 12 (20.0)
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each participant, resulting in 20 individual jitter 
values that were subsequently calculated. The 
MCD was used as the measure of ”jitter”. Jitter 
values greater than or equal to 55 microseconds 
were considered abnormal, while values below 55 
microseconds were considered normal.

Motor endplate functions were evaluated 
based on the recorded fi bers and their corre-
sponding jitter values. Normal motor endplate 
function was determined if all recorded jitter val-
ues were within the normal range or if one value 
exceeded 55 microseconds. Participants with two 
out of the 20 jitter values surpassing this thresh-
old were considered to have borderline dysfunc-
tion at the motor endplate. In comparison, those 
with three or more values above this limit were 
classifi ed as having dysfunction at the motor 
endplate [13,14].

Statistical analysis

Descriptive statistics were calculated for the 
continuous variables, including mean, standard 
deviation, minimum, and maximum values. To 
determine if there were statistically signifi cant 
differences in the lowest and highest jitter val-
ues between the control group and the migraine 
groups, an Independent Sample t-test was con-
ducted. Mean and standard deviation plots were 
generated for the signifi cant differences.

The MCD values between the control and 
migraine groups were compared using the 
non-parametric Mann-Whitney U test to identify 
any statistically signifi cant differences. Addition-
ally, a One-Way ANOVA was performed to assess 

whether there were signifi cant differences in the 
highest and lowest jitter values among the differ-
ent migraine types and the control group.

An independent sample t-test was employed 
to examine the potential differences in the high-
est jitter, average MCD, VAS, and MIDAS scores 
based on migraine type. The Mann-Whitney 
U non-parametric test analysed the VAS and MCD 
values according to migraine type.

All statistical analyses and comparisons were 
conducted using the IBM SPSS Statistics 21.0 
software package (IBM Corp. Released 2012. 
IBM SPSS Statistics for Windows, Version 21.0. 
Armonk, NY: IBM Corp.). A p-value of less than 
0.05 was considered statistically signifi cant.

Results

The study comprised 85 participants, 73 females 
and 12 males, and the mean age was 32.18 ± 7.92 
years. The age range of the participants was 
between 18 and 55 years. The control group 
comprised 25 participants, while both migraine 
groups included 60 patients (see Table 1). Among 
the 30 patients in the migraine with aura group, 
fi ve had impaired neuromuscular transmission, 8 
had a borderline impairment, and 17 had normal 
transmission. In contrast, none of the 30 patients 
with migraine without aura showed impaired 
transmission (3 had a borderline impairment, and 
27 had normal transmission), and all 25 individu-
als in the control group had normal transmission 
(see Table 2). 

Regarding the interpretation of jitter values, 
69 participants had normal neuromuscular junc-

Table 2. Comparison of MCD, lowest jitter, and highest jitter variables based on migraine type and control groups.

Type of migraine and control Test statistics
Variables Migraine without aura

Mean ± SD
Median

Mean migraine with aura
Mean ± SD

Median

Control
Mean ± SD

Median

chi2 p

MCD 28.30 ± 3.98
27.50

33.26 ± 5.90
33.00 

28.96 ± 3.46
29.00

15.401 <0.001*

Lowest jitter 13.60 ± 3.97
12.50

15.00 ± 3.97
15.50 (5.00)

14.64 ± 2.79
15.00 (3.50)

1.090 0.341**

Highest jitter 52.43 ± 8.12
51.00 

71.93 ± 35.00
65.00

48.72 ± 4.11
49.00

9.904 <0.001**

* Kruskal Wallis non parametrical test
** One way ANOVA
SD = standard deviation
MCD = Mean Consecutive Difference
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tions, 11 had borderline impairment, and 5 had 
impaired transmission. The highest mean jit-
ter value was 52.43 ± 8.12 in the migraine with-
out aura group, 71.93 ± 35.00 in the migraine with 
aura group, and 48.72 ± 4.11 in the control group. 
Statistically signifi cant differences were found 
in the highest jitter values between the migraine 
types and the control group (p < 0.001). Specifi -
cally, differences between the aura and non-aura 
groups and the control and aura groups (p < 0.001 
for both comparisons using One-Way ANOVA) 
were observed. The mean highest jitter values of 
the migraine patients were higher (see Table 2).

We used the Chi-Square test to compare the 
number of patients with increased jitter values 
based on the migraine and control groups. The 
study reported that out of the total participants, 
22 subjects who had muscle fi bers with increased 
jitter were in the migraine with aura group. Seven 
individuals were from the migraine without aura 
group. On the other hand, none of the subjects in 
the control group exhibited increased jitter (see 
Table 3).

Regarding disability assessment using 
the MIDAS questionnaire and attack intensity 
assessed by the VAS, no statistically signifi cant 
differences were observed between the migraine 
groups with and without aura. The mean MIDAS 
score was 28.5 in the migraine with aura group and 
25.5 in the migraine without aura group. The VAS 
score was 8 for both migraine groups. Further-
more, no statistically signifi cant differences were 
found when comparing MIDAS and VAS scores 
with the count of high jitter values and patients 
with neuromuscular disorders (p = 0.327).

Discussion

The study found that the mean MCD values were 
signifi cantly higher in patients with migraines 

with aura than those without aura and the healthy 
control group. Additionally, the migraine patients, 
regardless of type, had a signifi cantly higher 
number of fi bers with increased jitter compared 
to the control group.

Previous studies have indicated that a genetic 
abnormality in the presynaptic P/Q-type calcium 
channels may be responsible for the neuromus-
cular transmission disorder observed in migraine 
[6,15,16]. Mutations in the CACNA1A gene on chro-
mosome 19p13 have been associated with famil-
ial hemiplegic migraine type 1, episodic ataxia 
type 2, and spinocerebellar ataxia type 6. Since 
CACNA1A encodes the neuronal voltage-gated 
P/Q-type calcium channel responsible for acetyl-
choline release at the motor nerve terminals, dys-
function in this gene could lead to impaired neu-
romuscular transmission. Although DNA analy-
sis is required to confi rm CACNA1A mutations, 
SFEMG is considered a valuable diagnostic tool 
for patients with migraine with aura.

When comparing the fi ndings of similar stud-
ies conducted so far, it is important to note 
that the studies are heterogeneous and direct 
one-to-one comparisons may not be suitable. 
In contrast to others, the present study specifi -
cally conducted voluntary SFEMG on the frontalis 
muscle and identifi ed subclinical neuromuscular 
transmission disorders in patients with migraines 
with aura. Furthermore, it identifi ed the presence 
of such transmission defects in heterogeneous 
migraine subgroups. Demonstrating subclinical 
defects in neuromuscular transmission using the 
SFEMG method can improve our understanding of 
these disorders and potentially lead to the devel-
opment of new treatment methods for conditions 
like migraines that signifi cantly impair quality of 
life during young adulthood.

The widely accepted upper normal limits for 
stimulated-SFEMG recordings are a mean MCD 
value of 25 ms and a single fi ber with ≤10% of 

Table 3. Comparison of fi ber presence with increased jitter based on migraine type and control groups.

Type of migraine and control Test statistics
Variables Migraine without aura

 n (%)
Migraine with aura

 n (%)
Control
 n (%)

chi2 p

Muscle fi ber presence with increased jitter 
No 23 (41.1) 8 (14.3) 25 (44.6) 35.024 <0.001*
Yes 7 (24.1) 22 (75.9) 0

* Chi2 Comparison test 
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MCD values above 40 ms. However, these val-
ues likely come from control groups that include 
individuals with migraines or those at genetic 
risk for migraines. It is essential to establish nor-
mal values from strictly selected healthy volun-
teers [5,6,17]. One study considered the SFEMG 
results abnormal when the mean MCD values of 
the control subjects were exceeded [7]. Studies 
using voluntary SFEMG reported a mean MCD 
value of 33.8 ms and a single-jitter value of 55 ms 
based on their reference values. The percentage 
of abnormal single fi bers was not considered. In 
two studies with a voluntary SFEMG design, the 
test was evaluated as abnormal if an MCD value 
of ≥15% exceeded 55 ms, and 10% of the MCD val-
ues were above such a threshold [18,19]. In con-
clusion, the concept of SFEMG may vary between 
studies that clearly defi ned the measured param-
eter and the control population recorded up to the 
normal values.

In the present study, no increased jitter was 
identifi ed in any of the fi bers analysed in the 
control group. However, seven fi bers analysed 
in patients with migraine without aura exhib-
ited increased jitter. This piece of information 
is valuable, as previous studies have built their 
hypothesis of SFEMG abnormalities in migraine 
patients on the belief that an inherent channelop-
athy exists in migraine and that the existing neu-
romuscular transmission abnormalities would 
be present mainly in migraine patients with aura. 
In the present study, the primary SFEMG abnor-
malities were also distinctive in the group with 
migraines with aura, which supports the notion 
that migraines with and without aura are two dif-
ferent entities [20]. On the other hand, the high-
est jitter values were found to be higher in the 
patients with migraine without aura than in the 
control group, which suggests that the neuromus-
cular transmission disorder and the affected net 
acetylcholine release may not be influenced only 
by P/Q-type calcium channel abnormalities, but 
also by other mechanisms. 

One of the advantages of our study is its use 
of the voluntary SFEMG method. The stimula-
tion may also be used to obtain SFEMG poten-
tials. Still, it is important to acknowledge that 
the axonal stimulation method carries the risk 
of producing a threshold more inclined to axonal 
blocking and increased jitter and may affect the 
method’s objectivity. Moreover, larger axons are 

stimulated more when the stimulation method is 
used. This axon type has a higher safety factor, 
so this technique may cause an existing trans-
mission disorder to remain undetected [21,22].

A noteworthy fi nding of the study was that 
there was no statistically signifi cant relationship 
between neuromuscular transmission abnormal-
ities, disease severity, and disability as measured 
by MIDAS and visual pain scores (p = 0.327). 
This suggests that the presence of neuromuscu-
lar transmission abnormalities does not directly 
correlate with the severity or disability of the dis-
ease.

Today, there is a general belief that migraine 
is a polygenetic and multifactorial disease, 
although its pathogenesis is still not fully under-
stood. Analysing its clinical features and genetic 
and environmental factors may shed light on the 
condition and be supported by neurophysiologi-
cal tests. SFEMG-detected neuromuscular trans-
mission abnormalities could help identify the 
phenotype of migraine patients who may benefi t 
from further genetic testing and guide treatment 
strategies. Medications that modify the P/Q-type 
calcium channel may also benefi t migraine treat-
ment.

Another conclusion from the present study 
is that patients with motor endplate dysfunction 
detected by SFEMG may not always have a motor 
endplate disease like myasthenia gravis but rath-
er a headache syndrome such as migraine.
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ABSTRACT

Introduction. Calcium carbide is the most commercially used artifi cial fruit ripener because it is inexpensive 
to produce though, involving the use of hazardous elements and can easily be purchased in local markets. 
This study aimed at investigating the architectural changes of organs extracted from albino mice fed with 
fruits that were ripened with calcium carbide.
Material and methods. About 40 mice of both males and females, weighing between 18–25g were randomly 
used for this study. They were divided into fi ve (5) groups, made up of six mice namely Groups 1, 2, 3, 4 & 5 
respectively.  A set of unripe mature pawpaw and banana were ripened with calcium carbide (CCRP & CCRB) 
and were fed orally to groups 3 and 5 respectively for four weeks with water. Another set of the unripe mature 
pawpaw and banana were ripened naturally (NRP & NRB) without subjecting them to any artifi cial ripening 
processes and were fed orally to groups 2 and 4 mice respectively for four weeks with water. Rat feed and 
water were also given to the control group 1. 
Results. Increased body weights were observed in the calcium carbide ripened banana (CCRB) treated group 
when compared to the other groups (control and calcium carbide ripened pawpaw). Histological sections 
revealed increased numbers of inflammatory cells, presence of collapsed epithelial layer, ruptured muscle, 
disorganized clara cells, aggregation of fi broblasts in the lungs; mild interstitial edema in the brain between 
the cardiocytes: mononuclear cell infi ltration with cloudy swelling of the renal epithelium; dendritic cells in 
the brain. 
Conclusions. According to this study, eating fruits that are ripened with calcium carbide has adverse related 
health effects thus negatively altering the histological architecture of the organs such as the lungs, liver, kid-
ney, heart as well as the brain. Fruit vendors must therefore use caution when applying calcium carbide and 
adhere to international regulations that strictly limit its use.
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Introduction

The process of ripening causes the mature fruits 
to progressively change in color, texture, sweet-
ness, and flavor as well as scent and taste. Fruits 
ripening artifi cially can be induced by using 
chemicals like calcium carbide [1]. Perotti et al. 
[2] state that ripening is the genetically planned, 
highly coordinated, irreversible process that 
turns an unripe fruit into a ripe fruit that is edible 
and visually appealing. Numerous physiologi-
cal, biochemical, and organoleptic alterations are 
involved [3]. These alterations include the weak-
ening of tissues, changes in color, and the cre-
ation of volatile flavors and aromas.

Ripe fruit changes both structurally and com-
positionally, making it more appetizing and edible. 
Among these variations are textural ones that vary 
depending on the species; for example, apples 
typically show less tissue softening than banan-
as, mangoes, and pawpaw, which all experience 
signifi cant softening [4]. Depolymerization, loss 
of cell structure, and solubility of components of 
the cell wall causes tissue fruit to soften. Certain 
fruits like bananas, have a high concentration of 
starch in their epicarp, which is broken down by 
enzymes and contributes signifi cantly to tissue 
softening. In citrus fruits, on the other hand, tissue 
softening is primarily brought about by changes 
in turgor pressure, which is a result of postharvest 
dehydration and/or dry matter loss [5].

For many fruits, changing color is a crucial 
indicator of maturity. Fruits that are orange, red, 
pink, blue, and purple are the consequence of 
pre-existing colors being unmasked by the break-
down of chlorophylls and the synthesis of antho-
cyanins and carotenoids during the ripening 
process. The volatile chemicals that give fruits 
their flavor and scent are mostly esters, alcohols, 
aldehydes, ketones, and terpenes [6]. Fruits that 
have naturally matured are a vital component of 
a balanced diet and are essential for sustaining 
human health and nutrition.

The banana (Musa spp. L), belonging to the 
Musaccae family, is a highly traded tropical fruit 
globally and ranks as the fourth largest food crop 
[7]. It is a widely grown commercial crop in Africa, 
providing a signifi cant portion of the continent's 
income for over 70 million people. Nigeria is one 
of the world's top producers of bananas and plan-
tains [8]. The main reason bananas are grown is 

for their tasty, and nutritious fruits. They are also 
readily digested, providing the necessary calories 
and vitamins [9]. Given that bananas are climac-
teric fruits, they are typically picked when they 
are mature but still unripe, then allowed to ripen 
[9]. Although this method lessens post-harvest 
losses of bananas, particularly during transpor-
tation, it should be noted that artifi cial ripening 
with chemicals like calcium carbide and others, 
such ethylene glycol and ether, is frequently used 
in conjunction with bananas [10]. In Bangladesh, 
over 74% of banana wholesalers employed vari-
ous ripening chemicals to expedite the ripening 
process of their bananas [11].

Another name for pawpaw (Carica papaya L.) 
includes papaya. It is a fruit of the Caricaceae 
family that is succulent and herbaceous. In the 
world's tropical climates, it is extensively plant-
ed and produced. Additionally, because it is a cli-
macteric fruit, artifi cial ripening may be neces-
sary to meet the growing demand. However, when 
fruits like banana or pawpaw are combined with 
other common chemicals, like ethylene (C2H4), 
calcium carbide (CaC2), ethephone (2-chloroeth-
ylphosphoric acid), ethylene glycol, acetylene 
gas, and other pesticides that are not advised for 
ripening immature fruits quickly and attractively, 
these can become harmful [12].

Although calcium carbide (CaC2) is a colorless 
chemical molecule, most samples exhibit a col-
or shift that ranges from black to greyish-white. 
Industrial production of CaC2 involves heating 
a mixture of lime and coke to around 2000ºC, which 
yields about 80% calcium carbide by weight. Since 
calcium carbide speeds up the ripening of imma-
ture fruits, it is frequently employed as an artifi cial 
fruit ripening agent in Africa [12]. The most widely 
used artifi cial fruit ripener in commerce is calcium 
carbide, which is readily available in local mar-
kets and affordable to make [13]. However, it does 
involve the usage of hazardous components.

Calcium carbide reacts with moisture (water) 
to produce acetylene and calcium cyanamide, 
which are the two main industrial uses for it. The 
majority of the time, calcium carbide is used to 
ripen fruits like pawpaw, mangoes, bananas, 
jackfruits, etc., however because of the health 
risks involved, its usage is discouraged globally 
[14]. Worldwide, the use of this chemical in the 
fruit industry is discouraged due to its industri-
al grade, in particular, as it is frequently found to 
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be contaminated with trace amounts of arsenic 
and phosphorus hydride. These substances are 
known to cause a number of acute and chronic 
illnesses, including vomiting, diarrhea, burning 
sensations, skin ulcerations, coughing, short-
ness of breath, low blood pressure, and hormon-
al imbalances that can result in infertility [14]. 
In addition, stomach discomfort, mouth ulcers, 
headaches, mental disorientation, dizziness, 
mood swings, insomnia, memory loss, cerebral 
edema, and seizures have all been linked to cal-
cium carbide. It has been observed that extended 
and direct exposure to ethylene gas and CaC2 can 
cause hypoxia and neurological issues [15].

Following consumption of calcium carbide, 
humans produce free radicals, also known as 
reactive oxygen species (ROS) or oxidants, which 
have a negative impact on a number of organs. 
Antioxidants are abundant in fruits; yet, the 
harmful effects of artifi cial ripening render even 
healthful fruits toxic [16].

Acetylene gas is utilized as a fruit ripening 
agent, in the production of polyvinyl chloride plas-
tics, and in acetylene torches for welding. Never-
theless, some research indicates that acetylene 
does nothing more than intensify the fruit skin's 
yellow color, leaving the flesh unripe [14]. Acety-
lene gas is carcinogenic, meaning it can change 
healthy human cells into cancerous ones [17].

These days, farmers and fruit vendors fre-
quently use artifi cial fruit ripening to speed up 
the ripening process, improve consumer accep-
tance, make fruits available off-season, reduce 
transportation losses, and release fruit products 
on schedule at the desired ripening stage [18]. 
Although there are several safe ripening tech-
niques that are advised, farmers and retailers 
typically choose low-cost, risky techniques that 
make use of readily available chemicals like cal-
cium carbide (CaC2) [19].

Furthermore, it has been shown that artifi cial-
ly ripened fruits have fewer mineral components 
and antioxidant potency than naturally ripened 
fruits [12]. However, during the actual ripening 
season, it is challenging to detect morphological 
distinctions between naturally ripened fruits and 
artifi cially ripened fruits [12,20].

Most countries forbid using this chemical for 
this purpose [12], although others like Nigeria, 
India, Pakistan, Bangladesh, and Nepal allow it to 
be used openly.

Farmers are often forced to utilize artifi -
cial food ripening methods to meet the growing 
demand for fruits as a dietary source of vita-
mins, minerals, and dietary fi ber. These methods 
facilitate the immediate ripening of fruits before 
the appropriate season, making them aestheti-
cally pleasing and appealing to humans without 
taking into account the potential negative health 
effects of these chemicals [1]. Farmers also ben-
efi t fi nancially from these methods. Because 
calcium carbide has such negative effects on 
humans, conducting clinical trials on humans is 
not only unethical but also impossible. This study 
is aimed at investigating the histopathological 
effects of calcium carbide as an artifi cial fruit rip-
ening agent on various organs of albino mice.

Material and methods

Study area
This study was carried out in the Department 
of Biomedical Laboratory Science (BMLS) and 
Pathology, College of Medicine, University of Iba-
dan, Ibadan, Oyo State.

Study design
This is an experimental study.

Ethical clearance
The protocol for this study was applied and 
approved by the Ethics and Research Committee 
of Accurec (With number 24/046), University of 
Ibadan, Ibadan, Nigeria.

Procurement of calcium carbide
The calcium carbide was obtained from Gate 
market, Ibadan Oyo state.

Fruits procurement and preparation
Freshly harvested bunches of unripe matured 
green banana and pawpaw were purchased from 
Oje local market, Ibadan Oyo State. The fruits 
were divided into two experimental groups name-
ly the naturally ripened fruits (non-treated with 
calcium carbide) and the artifi cially ripened fruits 
(treated with calcium carbide) of approximate-
ly same weight which were placed under same 
atmospheric condition. The matured banana and 
pawpaw not treated with calcium carbide, got 
naturally ripened in 4 to 5 days while the banana 
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and pawpaw artifi cially ripened with calcium car-
bide got ripened in 2 days.

After ripening, some sample fruits were washed, 
peeled and some of the fruits were unwashed, 
peeled, and were administered orally to the albino 
mice together with water for four weeks. 

Experimental animals
Forty albino mice (20 males and 20 females) with 
the weight ranging from 18–25 g were purchased 
from the animal house IAMRAT, University of Iba-
dan. The experimental animals were acclimatized 
for three (3) weeks under a conducive condition.

Experimental design
The experimental animals were separated into 
fi ve (5) groups in clean local metal cages having 
both males and females (each group composed of 
four (4) males and four (4) females’ albino mice).

Mice marked Group 1 were fed on the standard 
rodent feed (IAMRAT Animal House, formulated) 
and tap water which was considered the nega-
tive control group; the mice that fed on naturally 
ripened fruits marked groups 2 & 4 were consid-
ered to be the positive control group and the mice 
that fed on calcium carbide ripened fruits were 
marked groups 3 & 5 which were considered as 
sample groups. All the animals had free access 
to food specifi cally meant for each group.

Every procedure involving animals was carried 
out in compliance with the National Institutes of 
Health's handbook for the care and use of labora-
tory animals, as well as a protocol authorized by 
the IAMRAT Animal House Care.

Behavioural changes
Throughout the administration period, no behav-
ioral changes were observed in the animals.

The above treatment was administered orally 
to each group respectively after acclimatization 
for a period of one month (4 weeks). After admin-
istration, various organs (brain, liver, lungs, kid-

ney and heart) were obtained from the mice to 
investigate the histopathological effects of cal-
cium carbide and in relations to any histopatho-
logical condition.

Sample collection and preparation for 
histology
After a month, (four weeks), all the mice from 
each group were sacrifi ced via a physical means- 
cervical dislocation. The mice were dissected in 
order to access and harvest the organs of inter-
est- brain, liver, lungs, heart and kidney. Excised 
organs were fi xed in 10% formal saline and then 
transferred to the Histology laboratory of the 
Department of Pathology, UCH, Ibadan, Oyo 
State.

These organs were grossed, each measuring 
few millimetres in thickness for tissue process-
ing then the tissues was placed in the tissue cas-
settes appropriately labelled for tissue process-
ing, then embedded in molten paraffi n. The tissue 
blocks were sectioned with the aid of a rotating 
microtome at 3–5 micron in thickness. The sec-
tions were stained with Haematoxylin and Eosin 
stain then, mounted with distyrene plasticine 
xylene (DPX). The stained slides were viewed 
under the microscope for results interpretation.

Staining procedure
The tissue sections were taken to water 
through descending grades of alcohol 
(99%→90%→80%→70%). The tissue sections 
were rinsed in water, thereafter stained in Harris 
heamatoxylin for 5 mins. Tissue sections were 
rinsed in water, then differentiated briefly in 1% 
acid alcohol and rinsed immediately in water. Tis-
sue sections were blued in running tap water for 
15 minutes, then counterstained with 1% aqueous 
eosin for 2 minutes. Tissue sections were rinsed 
in water, dehydrated in ascending grades of alco-
hol, cleared in xylene and latter mounted with 
Distyrene plasticine xylene (DPX).

Table 1. Distribution of mice into various groups (the experimental design).

Groups Treatment
Group 1 (4M & 4F) Standard rodent feed and normal water
Group 2 (4M & 4F) Naturally ripened pawpaw and normal water
Group 3 (4M & 4F) Artifi cially ripened pawpaw and normal water
Group 4 (4M & 4F) Naturally ripened banana and normal water
Group 5 (4M & 4F) Artifi cially ripened banana and normal water

M = Male albino mice; F = Female albino mice
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Data analysis 
The collected data are shown as mean and stan-
dard deviation (±SD). Statistical analysis for 
Social Sciences (SPSS) version 25 was the statis-
tical package used to evaluate and compare the 
results for each group. Bonferroni post hoc test 
and Pearson Chi-Square were used to compare 
the means of the different analytes at p < 0.05 
statistical.

Results

Table 2 Shows the mean and standard deviation 
of the body weight of the mice in their respec-
tive groups taken per week for a period of four 
(4) weeks, with p < 0.001 being signifi cant when 
compared to the control group. Table 3 com-
pared the difference in mean body weights mea-
sured among the group 1 with the other groups 

Table 2. Body weight analysis.

Groups Mean (μ) Standard Deviation(s) p-value
Group 1
Group 2
Group 3
Group 4
Group 5

28.1111
18.8571
17.5714
15.9091
18.8182

4.48359
5.33631
2.14920
3.01511
2.27236

0 .0001*

Total 22.1587 6.47129

Note: asterick (*) means signifi cant p < 0.001. Group 1: Control; Group 2: Naturally ripened paw-
paw (NRP); Group 3: Calcium carbide (Artifi cially) ripened pawpaw (CCRP); Group 4: Naturally 
ripened banana (NRB); Group 5: Calcium carbide (Artifi cially) ripened banana (CCRB)

Table 3. Multiple comparison (Bonferroni post hoc test).

(I) Weight Group (J) Weight Group Mean Difference (I-J) p-values (SIG)
Group 1 Group 2

Group 3
Group 4
Group 5

9.25397*
10.53968*
12.20202*
9.29293*

.0001*

.0001*

.0001*

.0001*

Group 2 Group 1
Group 3
Group 4
Group 5

-9.25397*
1.28571
2.94805
.03896

.0001*

1.000
1.000
1.000

Group 3 Group 1
Group 2
Group 4
Group 5

-10.53968*
-1.28571
1.66234
-1.24675

.0001*

1.000
1.000
1.000

Group 4 Group 1
Group 2
Group 3
Group 5

-12.20202*
-2.94805
-1.66234
-2.90909

.0001*

1.000
1.000
.823

Group 5 Group 1
Group 2
Group 3
Group 4

-9.29293
-.03896
1.24675
2.90909

.0001*

1.000
1.000
.823

Note: asterick (*) means signifi cant p < 0.001. Group 1: Control; Group 2: Naturally ripened paw-
paw (NRP); Group 3: Calcium carbide (Artifi cially) ripened pawpaw (CCRP); Group 4: Naturally 
ripened banana (NRB); Group 5: Calcium carbide (Artifi cially) ripened banana (CCRB) 

Table 4. Food consumption analysis.

Groups  Mean (μ) Standard Deviation(s) p-value
Group 2
Group 3
Group 4
Group 5

104.3571
106.1429
100.7500
110.3793

19.24181
19.45748
18.13468
15.73761

0.357

Total 106.3014 17.72920

P > 0.05. Note: Group 2: Naturally ripened pawpaw (NRP); Group 3: Calcium carbide (Artifi cially) 
ripened pawpaw (CCRP); Group 4: Naturally ripened banana (NRB); Group 5: Calcium carbide 
(Artifi cially) ripened banana (CCRB).
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(2, 3, 4, & 5); group 2 with the other groups (1, 
3, 4, & 5); group 3 with the other groups (1, 2, 4, 
& 5); group 4 with the other groups (1, 2, 3, & 5) 
and group 5 with the other groups (1, 2, 3, & 4). 
There was a signifi cant mean difference found 
between Group 1 and every other group. Table 4 
shows the mean and standard deviation of the 
food consumption of the mice in their respective 

groups taken per day, with p = 0.357 being insig-
nifi cant. The table compared the mean food con-
sumption among the groups of mice fed with the 
fruits (banana and pawpaw); groups (2, 3, 4, & 5). 
It revealed the group fed with the artifi cially rip-
ened fruits (banana and pawpaw) had the highest 
fruits consumption which is group 3, then group 
2 and group 4 with the least food consumption.

Plate D. Revealed normal histology of the lungs 
obtained from the control group fed with rat feed 
and water which shows the bronchiole and blood 
vessel with few inflammatory cells (H&E x100).

Plate B. Revealed brain section of the control 
group fed with naturally ripened pawpaw shows 
normal histological feature of subcortical white 
matter largely composed of axons and oligoden-
droglia (H&E x400).

Plate C. Revealed brain section from the group 
fed with calcium carbide ripened banana (CCRB) 
which shows dendritic cell infi ltration with mixed 
inflammation including histiocytes, lymphocytes, 
plasma cells and rare eosinophils (H&E x100).

Plate A. Histological fi ndings for the control brain 
samples showed normal brain histological fea-
tures of neuronal cells with no inflammatory cells 
observed (H&E x100)

Histological description of photomicrographs
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Plate E. Lung tissue section from the control 
group fed with naturally ripened pawpaw (NRP), 
shows normal lung histology with bronchiole and 
blood vessel with few inflammatory cells (H&E 
x400).

Plate F. Histological lung fi ndings of the group 
fed with CCRB shows collapsed inner epitheli-
al layer, ruptured muscular layer of lung tissues 
with disorganized clara cells and aggregation of 
fi broblasts (H&E x100).

Plate H. Liver section harvested from the control 
group fed with naturally ripened banana (NRB). 
Shows the normal liver histological appearance 
of hepatic cords and normal bile ducts in the 
hepatic area (H&E x100).

Plate G. Photomicrograph of liver section 
obtained from the control group fed with rat feed 
and normal water. Shows normal histological 
appearance of hepatic cords with hepatocytes, 
normal central vein and normal bile ducts in the 
hepatic area (H&E x100).
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Plate I. Photomicrograph of liver section from the 
group fed with CCRB and normal water shows 
mild infi ltration of inflammatory cells within the 
hepatic area within focal aggregation of lympho-
cytes and macrophages in the hepatic area (H&E 
x100).

Plate J. Heart tissue section from the control 
group fed with rat feed. Heart section shows nor-
mal heart histology with cardiac muscles and 
blood vessels (H&E x400).

Plate L. Heart section from the CCRB and normal 
water fed group shows mild lymphocyte infi ltra-
tion between cardiomyocyte, mild Interstitial 
edema between myocytes with lymphocyte infi l-
trations (H&E x100).

Plate K. Histological heart section of the NRP 
administered control group shows cardiac mus-
cle of the normal heart tissue with few poly-
morphs (H&E x100).
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Plate M. Histological section of the kidney sec-
tion from the rat feed and normal water fed group 
shows proximal tubules, normal architecture of 
glomerulus in normal in normal kidney with intact 
tubular cells and brush border (H&E x100).

Plate N. Kidney section fed with the NRP shows 
normal kidney with intact tubular cells and 
increased Bowman capsule (H&E x400).

Plate O. Histology of the kidney, showed proxi-
mal tubules with cloudy swelling of renal tubular 
epithelium and mild mononuclear cell infi ltration 
(H&E x100).

Discussion

The majority of climacteric fruits are commonly 
ripened using industrial-grade calcium carbide 
(CaC2). Commercial-grade calcium carbonate 
(CaC2) poses a risk to human health due to the 
presence of impurities such as phosphorus and 
arsenic, the potential toxic effects of which are 
directly correlated with their quantity. This leads 
to the negative effects of CaC2 on the brain, lungs, 
heart, liver, and kidney of mice that are induced to 
ripen bananas (CCRBs) [21].

In this study, fruits that were naturally ripened 
took an average of four days to completely ripen, 
whereas those that were artifi cially ripened with 
calcium carbide took two days. This is consistent 
with a study by Bafor et al. [22] that found that 
under the same conditions, naturally ripened fruit 
containing calcium carbide took 2 days to ripen, 
whereas artifi cially ripened fruit with the same 
substance took 4 days.

In this study it was observed that the natural-
ly ripened banana, the epicarp which is the outer 
part was hard while peeling it, not uniformly col-
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system by reducing oxygen supply to the brain, 
as a result of the presence of impurities such as 
phosphorus and arsenic with the appearance of 
dendritic cells affecting an area in the brain known 
as the pituitary gland. These impurities act as 
neurotoxic substances thus causing hypoxia [26].

In this study, the histological section of the 
liver of group 5 mice revealed a mild infi ltrate of 
inflammatory cells with the hepatic area show-
ing focal aggregation of lymphocytes and mac-
rophages in the hepatic area. This is in agree-
ment with the study of Kjuus et al. [27], who 
found CaC2 exposure produced liver toxicity and 
nephrotoxicity along with colonic and prostatic 
cancer. Similar results were also found from the 
study of Vecchia et al. [28], where it was revealed 
that exposure to calcium carbide may be cancer-
ous as a result of the free radicals released from 
calcium carbide that may interact with the gene 
to change the basic information coding in DNA, 
which subsequently leads to cancer [28].

The histological details of the lungs tissues 
gotten from the group 5 subjects revealed col-
lapsed inner epithelial layer, ruptured muscular 
layer with disorganized Clara cells and aggrega-
tion of fi broblasts. These results are consistent 
with those of Patore et al. [29], who observed 
a reddish-brown to brown focal area of consoli-
dation. Pulmonary edema and cardiac arrest 
are caused by phosphorus, which targets the 
respiratory and cardiovascular systems when it 
enters the lungs [30]. This lung toxicity could be 
the result of phosphine inhibiting mitochondrial 
cytochrome C oxidase, which disrupts mitochon-
drial morphology and causes oxidative respira-
tion to be lowered by 70%, ultimately leading to 
the premature death of the cell.

In this study, histopathological analysis of 
kidney revealed proximal tubules with cloudy 
swelling of renal tubular epithelium and mild 
mononuclear cell infi ltration in group 5 mice. This 
is consistent with the fi ndings of Patore et al. [29] 
study, which similarly showed certain glomeruli 
in a ruptured state and thickening of the collect-
ing tubule lining with a change in cell shape. This 
investigation bears similarities to those conduct-
ed by Bini et al. [31], wherein they reported con-
gestion resulting from haemorrhage and deg-
radation of renal corpuscles upon exposure to 
calcium carbide. This is as a result of cell death 
(apoptosis) [31].

ored and with patches, but for the calcium car-
bide ripened banana, the epicarp had a softer tex-
ture when peeling, with a uniformly yellow colour 
but with a black stem. This result aligns with 
the fi ndings of [9] which revealed that fruits that 
ripen naturally possess superior sensory quali-
ties, including fresh color, flavor, and acceptabil-
ity, when compared to fruits treated with calcium 
carbide. Depolymerization, the solubility of cell 
wall components, and the loss of cell structure 
are the causes of this [23].

This study revealed a signifi cant increase in 
the mean body weight among the control group 
1, followed by groups 5 and 3 then groups 2 
and 4 with the least body weight. According to 
Chakraborty et al. [24], their research showed 
that the non-artifi cially ripened banana and cal-
cium carbide ripened banana groups had signifi -
cantly higher body weights than the other groups, 
which may have been caused by the additional 
banana meal given to those particular animals. 
Interestingly, the mice treated with calcium car-
bide showed the greatest increase in body weight 
when compared to the mice treated with natural 
ripening bananas. This suggests that the weight 
gain in the calcium carbide ripened banana 
groups was caused by something more than 
merely the fruit's high calorie content. The accel-
erated weight gain in this study for the calcium 
carbide ripened banana may be due to the pres-
ence of a component-phosphorus in calcium car-
bide employed in artifi cial ripening [24].

In this study, an increase in food consump-
tion was observed in group 5, followed by group 3, 
then group 2. This is in accordance with a study 
carried out by Chakraborty et al. [24], where they 
observed an increase in weight gain in the calci-
um carbide ripened banana group which may have 
resulted into higher body weight in this group.
This study revealed dendritic infi ltration with 
mixed inflammation including the histiocytes, 
lymphocytes, plasma cells and rare eosinophils in 
the histologically investigated brain of the group 
5 mice. This is in line with a study done by Uzzal 
et al. [25], where they observed haemorrhage and 
increased intra myocardial spaces in the histo-
logical brain section of their mice group exposed 
to calcium carbide. This could be due to the fact 
that industrial grade of CaC2, when dissolved in 
water, produces the actual ripening agent called 
acetylene gas, which affects the central nervous 
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The study revealed in the brain section of the 
group 5 mice, mild interstitial edema between 
the myocytes and lymphocytes resulting in infi l-
tration.

Currently, the majority of fruit vendors uti-
lize harmful chemicals like CaC2 to mature their 
fruits, raising serious worries about food safety 
and health security. Based on study by Cruzan et 
al. [32] CaC2 is very dangerous for human health 
when consumed since it includes quantities of 
arsenic and phosphorus that can harm the kid-
ney, heart, and central nervous system (brain) 
[32]. Therefore, the exhibited histopathological 
effects may be due to the arsenic and the phos-
phorus which are part of the constituents of cal-
cium carbide.

Conclusion 

This study showed that the artifi cial fruit ripening 
agent CaC2 has toxic effects on a number of albi-
no mice's organs, including the liver, kidney, and 
brain. It also revealed altered organ architecture, 
including microvesicular fatty changes and kid-
ney corpuscle degeneration and lung, heart, and 
brain lymphocyte infi ltration. In this study, expo-
sure to calcium carbide is being unsafe and toxic 
to the body organs.

Acknowledgements

Ethical Clearance
The protocol for this study was applied and approved 
by the Ethics and Research Committee of Accurec, 
University of Ibadan, Ibadan, Nigeria.

Funding
The three authors provided funding for this study. 

Availability of data and materials
All data and materials that were collected during this 
study are available with the corresponding author upon 
reasonable request.

Authors’ contributions
ABA, OOA and MNA conceived the idea. ABA, OOA and 
MNA designed the study methodology. ABA, OOA and 
MNA conducted the study. ABA, OOA and MNA ana-
lyzed the data. ABA, OOA and MNA interpreted the 
results. ABA, OOA and MNA wrote the draft manuscript. 
ABA, OOA and MNA revised and edited the fi nal manu-
script. ABA, OOA and MNA approved the manuscript.

Competing interests
The authors declare that they have no competing 
interests.

References
Mursalat M, Rony AH, Rahman AH, Islam MN, Khan 1. 
MS. A critical analysis of artifi cial fruit ripening: Sci-
entifi c, legislative and socio-economic aspects. CHE 
THOUGHTS – Chemical Engineering and Science 
Magazine. 2013;4(1):6-12.
Perotti VE, Moreno AS, Podestá FE. Physiological 2. 
aspects of fruit ripening: the mitochondrial connec-
tion. Mitochondrion. 2014 Jul;17:1-6. doi: 10.1016/j.
mito.2014.04.010.
Joshi H, Kuna A, Lakshmi MN, Shreedhar M, Kumar 3. 
AK. Effect of stage of maturity, ripening and storage 
on antioxidant content and activity of Mangifera indi-
ca L. var. Manjira. International Journal of Food Sci-
ence and Nutrition. 2017;2(3):01-09.
Mendelson E, Zumajo-Cardona C, Ambrose B. What 4. 
is a fruit? Biodiversity. 2020; 8(27):1-7. doi: 10.3389/
frym.2020.00027.
Tripathi K, Pandey S, Malik M, Kaul T. Fruit ripen-5. 
ing of climacteric and non-climacteric fruit.  Jour-
nal of Environmental and Applied Bioresearch. 
2016;4(1):27-34.
Mariya B, Haruna AH, Babangida AZ. Phytochemi-6. 
cal analysis of some selected indigenous fruits col-
lected from lokogoma-abuja, nigeria. Journal of Dis-
eases and Medicinal Plants. 2020;6(2):50-55. doi: 
10.11648/j.jdmp.20200602.14
Hailu M, Workneh TS, Belew D. Review on posthar-7. 
vest technology of banana fruit. African Journal of 
Biotechnology. 2013;12(7):635-647.
FAO. Food and Agriculture Organization. Review of 8. 
Food Safety and Quality Related Policies in Bangla-
desh. 2010; 1-12. 
Maduwanthi SDT, Marapana RAUJ. Induced Rip-9. 
ening Agents and Their Effect on Fruit Quality of 
Banana. Int J Food Sci. 2019 May 2;2019:2520179. 
doi: 10.1155/2019/2520179.
Sogo-Temi CM, Idowu OA, Idowu E. Effect of biolog-10. 
ical and chemical ripening agents on the nutritional 
and metal composition of banana (Musa spp). Jour-
nal of Applied Sciences and Environmental Man-
agement. 2014;18(2):243-246. doi: 10.4314/jasem.
v18i2.14.
Singh B, Singh JP, Kaur A, Singh N. Bioactive com-11. 
pounds in banana and their associated health bene-
fi ts - A review. Food Chem. 2016 Sep 1;206:1-11. doi: 
10.1016/j.foodchem.2016.03.033.
Siddiqui MW. Dhua RS. Eating artifi cially ripened 12. 
fruits is harmful. Current science. 2010;99(2):1664-
1668.
Singal S, Kumud M, Thakral S. Application of apple 13. 
as ripening agent for banana. Indian journal of Natu-
ral products and resources. 2012;3(1):61-64.
Adeyemi MM, Bawa MH, Muktar B. Evaluation of 14. 
the Effect of Calcium Carbide on Induce Ripening of 
Banana, Pawpaw and Mango cultivated within Kadu-
na Metropolis. Nigeria. Journal of Chemical Society 
of Nigeria. 2018;43(2):567-570.
Asif M. Physico-chemical properties and toxic effect 15. 
of fruit-ripening agent calcium carbide. Annals of 
Tropical Medicine and Public Health. 2012;5(3):129-
135. doi: 10.4103/1755-6783.98602.



Journal of Medical Science 2024 June;93(2) 113

Okeke ES, Okagu IU, Okoye CO, Ezeorba TPC. The use 16. 
of calcium carbide in food and fruit ripening: Poten-
tial mechanisms of toxicity to humans and future 
prospects. Toxicology. 2022 Feb 28;468:153112. doi: 
10.1016/j.tox.2022.153112.
Rahim MA. Indiscriminate use of chemical in fruits 17. 
and their health effects. Journal of Food Science and 
Engineering. 2012;2(9):47-54. doi: 10.17265/2159-
5828/2012.09.004
Islam MN, Mursalat M, Khan MS. A review on the leg-18. 
islative aspect of artifi cial fruit ripening. Agricul-
ture & Food Security. 2016 5;8(1):1-10. doi: 10.1186/
s40066-016-0057-5.
Ajayi AR, Mbah GO. Identifi cation of indigenous ripin-19. 
ing technologies of banana and plantain fruits among 
women-marketers in southeastern Nigeria. Agro-
Science. 2007;6(2):60-66. doi: 10.4314/as.v6i2.1572.
Hakim MA, Huq AO, Alam MA, Khatib A, Saha BK, 20. 
Haque KF, Zaidul ISM. Role of health hazardous 
ethephone in nutritive values of selected pineapple, 
banana and tomato. Journal of Food, Agriculture and 
Environment. 2012;10(2):247-251.
Chen Q, Fischer A, Reagan JD, Yan LJ, Ames BN. Oxi-21. 
dative DNA damage and senescence of human dip-
loid fi broblast cells. Proc Natl Acad Sci U S A. 1995 
May 9;92(10):4337-41. doi: 10.1073/pnas.92.10.4337.
Bafor EE, Greg-Egor E, Omoruyi O, Ochoyama E, Omo-22. 
giade GU. Disruptions in the female reproductive sys-
tem on consumption of calcium carbide ripened fruit 
in mouse models. Heliyon. 2019 Sep 6;5(9):e02397. 
doi: 10.1016/j.heliyon.2019.e02397.
Li X, Xu C, Korban SS, Chen K. Regulatory mecha-23. 
nisms of textural changes in ripening fruits. Critical 
Reviews in Plant Sciences. 2010;29(4):222-243. doi: 
10.1080/07352689.2010.487776.
Chakraborty TR, Donthireddy L, Adhikary D, 24. 
Chakraborty S. Long-Term High Fat Diet Has a Pro-
found Effect on Body Weight, Hormone Levels, and 

Estrous Cycle in Mice. Med Sci Monit. 2016 May 
12;22:1601-8. doi: 10.12659/msm.897628. 
Uzzal AR, Sultana S, Yasmin A, Islam T, Rahman MD. 25. 
Cytotoxic effects of Calcium Carbide on swiss albino 
mice. 2021;3:97-105. 
Ur-Rahman A, Chowdhury FR, Alam MB. Artifi cial rip-26. 
ening: what we    are eating.  Journal of Medicine. 
2008;9(1):42-44. doi: 10.3329/jom.v9i1.1425.
Kjuus H, Andersen A, Langård S. Incidence of can-27. 
cer among workers producing calcium carbide. 
Br J Ind Med. 1986 Apr;43(4):237-42. doi: 10.1136/
oem.43.4.237.
La Vecchia C, Bosetti C. Cancer risk in carbon elec-28. 
trode workers: an overview of epidemiological evi-
dence. Eur J Cancer Prev. 2003 Oct;12(5):431-4. doi: 
10.1097/00008469-200310000-00013.
Agency for Toxic Subtances and Disease Registry. 29. 
Phosphine (PH 3) CAS 7803-51-2;UN 2199 Also: Alu-
minum Phosphide (CAS 20859-73-B; UN 1397) and 
Zinc. Phosphide (CAS 1314-84-7; UN 1714). 2014. 
Retrieved January 28, 2017.
Patoare Y, Hossain MI, Islam MN, Chowdhury A, 30. 
Parveen S, Hossain MM, Hasnat A. Effect of calci-
um carbide on rat tissue. Dhaka University Journal 
of Pharmaceutical Sciences. 2007;6(2):93–98. doi: 
10.3329/dujps.v6i2.682.
Bini M, Rajesh B, Babu TD. Chronic exposure of 31. 
industrial grade calcium carbide and ethylene glycol 
exert genotoxic effect in Wistar albino rats. Journal 
of basic and clinical physiology and pharmacology. 
2021;34(5):617-623. doi: 10.1515/jbcpp-2020-0360.
Cruzan G, Corley RA, Hard GC, Mertens JJ, McMar-32. 
tin KE, Snellings WM, Gingell R, Deyo JA. Subchron-
ic toxicity of ethylene glycol in Wistar and F-344 rats 
related to metabolism and clearance of metabolites. 
Toxicol Sci. 2004 Oct;81(2):502-11. doi: 10.1093/tox-
sci/kfh206.



Journal of Medical Science 2024 June;93(2)114

Estimation of phagocytic activity by normal human 
peripheral blood mononuclear cells on various 
oral isolates of Candida species: an in-vitro study

O R I G I N A L  PA P E R

PJ Sreelakshmi
Department of Medical Microbiology, School of 
Medical Education, Centre for Professional and 
Advanced Studies, Kottayam, Kerala, India

Kumar KS Harish
Department of Medical Microbiology, School of 
Medical Education, Centre for Professional and 
Advanced Studies, Kottayam, Kerala, India

https://orcid.org/0000-0002-0504-7794

Corresponding author: drharishkumarks@gmail.com

Jacob Kuruvilla
Department of Public Health Dentistry, Mar Baselios 
Dental College, Ernakulam, Kerala, India

Philip George Theckel
Electron Microscopy Unit, Faculty of 
Medicine, Kuwait University, Kuwait

 doi: https://doi.org/10.20883/medical.e953

Keywords: phagocytic activity, candida species, 
respiratory burst, nitroblue tetrazolium test, 
antifungal susceptibility

Received 2023-11-23
Accepted 2024-01-31
Published 2024-02-01

How to Cite: Sreelakshmi P, Harish KK, Kuruvilla J, Theck-
el PG. Estimation of Phagocytic Activity by Normal Human 
Peripheral Blood Mononuclear Cells on Various Oral Isolates 
of Candida Species: an in-vitro Study. Journal of Medical 
Science. 2024 June;93(2):e953. doi:10.20883/medical.e953

© 2024 by the author(s). This is an open access article distributed 
under the terms and conditions of the Creative Commons Attri-
bution (CC BY-NC) licencse. Published by Poznan University of 
Medical Sciences

ABSTRACT

Polymorphonuclear neutrophils (PMN) and mononuclear phagocytes represent an important fi rst line and 
effector function in controlling Candida infections. The study aims to determine the in-vitro phagocytic 
activity of human peripheral blood mononuclear cells against oral isolates of Candida species and its anti-
fungal susceptibility. The study also evaluates the degree of respiratory burst activity of PBMCs. Phagocytic 
and lytic indices by PBMCs were determined for Candida spp. The respiratory burst activity was evaluated 
using a nitroblue tetrazolium test. Antifungal disc diffusion susceptibility testing was performed. 100 Cand-
ida were isolated, belonging to C. albicans, C. tropicalis, C. krusei and C. auris. The phagocytic and lytic indi-
ces of C. albicans were signifi cant compared to the standard strain of C. albicans. C. tropicalis and C. krusei 
phagocytic index were signifi cant, while the lytic index was insignifi cant compared to the standard strain. 
The inter-species comparison of both indices was not signifi cant for the clinical isolates of Candida. A sig-
nifi cant reduction in phagocytic activity was observed for clinical isolates of Candida spp. However, lytic 
activity was variable compared to the standard strain of C. albicans.

Introduction

There are around 150 different species in the Can-
dida genus, most of which grow as single-celled 

yeasts. However, some species, like Candida 
albicans, can also exhibit variant forms, such 
as pseudohyphae and hyphae. Candida species 
exist in various environments, but only a few are 
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directly linked to human disease and colonisation 
[1]. Candida species, classifi ed as opportunistic 
pathogens, contribute substantially to increased 
morbidity and mortality on a global scale, thereby 
posing a severe threat to public health. Further-
more, Candida species can lead to vaginitis, oral 
candidiasis, cutaneous candidiasis, candidemia, 
and systemic infections [2]. Within the Candida 
genus, C. albicans is the most signifi cant human 
fungal pathogen, accounting for approximately 
50% of candidemia cases [3]. Additionally, various 
other species such as C. glabrata, C. tropicalis, 
C. krusei (currently renamed Pichia kudriavzevii), 
C. auris, and C. dubliniensis have been linked to 
infections, either independently or in conjunction 
with C. albicans [4]. The Nosocomial Infections 
Surveillance System (NNISS) reports Candida 
species as the fourth most common nosocomial 
bloodstream pathogen [5].

Host defence mechanisms against candidi-
asis involve the activation of an acute inflam-
matory response by innate immunity, followed 
by a specifi c T cell (cell-mediated immunity) or 
B cell (humoral immunity)-mediated immune 
response [6]. Through innate immunity, polymor-
phonuclear leucocytes (PMNL) and macrophag-
es protect against invasive Candida infections. 
Cell-mediated immunity (CMI), on the other hand, 
controls mucosal infections. Antibody-mediat-
ed immunity's (AMI) role in candidiasis remains 
controversial [7]. Among the various mecha-
nisms responsible for the PMN-mediated killing 
of Candida spp., the ‘oxidative burst’ mechanism 
appears to be widely accepted. Oxidative burst is 
the process of rapid formation of reactive oxygen 
intermediates. The NADPH oxidase enzyme com-
plex must fi rst be assembled in the cytoplasmic 
or phagosomal membrane to release superoxide 
[8,9]. This study evaluates the in-vitro phagocytic 
activity of human peripheral blood mononuclear 
cells (PBMCs) against oral isolates of Candida 
spp. Additionally, the study aims to determine the 
degree of respiratory burst activity of PBMCs and 
the antifungal susceptibility of these Candida 
isolates.

Material and methods

The present cross-sectional study was conduct-
ed at the School of Medical Education (SME), Kot-

tayam, Kerala, India, between January 2023 and 
September 2023. One hundred isolates of Can-
dida spp. from known non-diabetic patients with 
oral candidiasis were collected from diagnos-
tic microbiology laboratories in central Kerala, 
India. Candida albicans MTCC 227, procured from 
the Institute of Microbial Technology (IMTECH), 
Chandigarh, India, was used as a standard control 
for phagocytic assay and antifungal susceptibil-
ity testing. The isolates were reconfi rmed by sub-
culturing onto chromogenic media – HiCromeTM 

Candida differential agar followed by Gram 
staining, and the colonies were confi rmed to be 
Gram-positive. Tests like germ tube and chlamy-
dospore production provided further identifi ca-
tion. The VITEK II system confi rmed the identifi -
cation of all candida species. All reagents, culture 
media, and antifungal discs were procured from 
HiMedia Laboratories in Mumbai, India.

Blood for the phagocytic assay was collected 
from adult males and females (20–25 years) with 
no known systemic illness or prior antimicrobial 
therapy in the past three months. Individuals with 
a history of past Candida infection were excluded 
from the study. Blood samples from healthy indi-
viduals exhibiting a respiratory burst above 50% 
by Nitroblue tetrazolium test were employed for 
the phagocytic assay.

Isolation of PBMCs

Per the manufacturer's guidelines, the periph-
eral blood mononuclear cells were isolated using 
HiSep™ LSM 1077. 2.5 mL of HiSep™ LSM 1077 
was aseptically transferred to a clean centrifuge 
tube (15 mL), overlaid with 7.5 mL diluted blood 
(1:2 dilution of whole blood in isotonic phosphate 
buffered saline) and centrifuged at 2000 rpm for 
30 minutes at room temperature. Centrifugation 
sediments erythrocytes and polynuclear leuko-
cytes, and bands mononuclear lymphocytes above 
HiSep™ LSM 1077. The supernatant above the 
interface band, rich in plasma and platelets, was 
discarded by aspiration. The mononuclear cells 
were carefully aspirated and transferred to a clean 
centrifuge tube using a pipette. 10 mL of PBS was 
added to the layer of mononuclear cells in the cen-
trifuge tube and mixed by gentle aspiration. The 
cells were centrifuged at 1200 rpm for 10 minutes 
at room temperature. This washing with isotonic 
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phosphate buffered saline removes HiSep™ LSM 
and reduces the number of platelets. The washed 
cells were rinsed further with isotonic PBS and 
resuspended in Hank’s balanced salt solution.

Assessment of phagocytic function

Candida phagocytosis test
Candida phagocytic test was performed accord-
ing to Shanmugam et al. [10]. Candida was heat 
killed at 56ºC for 30 minutes, suspended in PBS, 
adjusted to 1 × 108 cells/mL and stored at -20°C 
until used. 0.1 mL of HBSS, 0.1 mL of pooled 
serum, and 0.1 mL of heat-killed Candida were 
added to 0.2 mL of 2 × 106 PBMC from a buffy 
coat and centrifuged at 1000 rpm for 5 min. The 
supernatant was removed, 10 μl sediment was 
smeared to a microscopic glass slide, then fi xed 
with methanol, stained with Leishman’s stain and 
viewed under a light microscope at 100X. The 
PBMCs with engulfed Candida were considered 
positive after counting the fi rst 100 cells. Candida 
inside the mononuclear cells were also counted. 
Phagocytic and Lytic indices were calculated 
using the following formulae:

Nitroblue tetrazolium (NBT) test
Shanmugam et al. also performed a nitroblue tet-
razolium test [10]. 0.5 mL of heparinised blood 
was taken on a clean glass slide and incubated 
at 37ºC for 30 min. It was gently washed with 
cold saline, tapped gently, and excess saline 
was removed. NBT medium was added before 
the smear dried, a coverslip was placed, and 
the slide was incubated at 37ºC for 30 minutes. 
Then, the smear was washed with cold saline, air 
dried, fi xed with methanol for 3 min, and washed 
with distilled water. Furthermore, the slide was 
air-dried, stained with safranin (0.77%) for 7 min-
utes, and washed with distilled water. The number 
of formazon-positive cells (blue crystals around 
the cells) was counted under 100X magnifi cation 
under a light microscope.

Antifungal susceptibility 

Antifungal disc diffusion susceptibility testing 
was performed as prescribed by CLSI M44-A22 
[11]. Mueller-Hinton agar supplemented with 2% 
glucose and 0.5 μg/ml methylene blue was used 
for sensitivity testing. Antifungals used were flu-
conazole (25 μg), voriconazole (1 μg) and clotri-
mazole (10 μg). Per the manufacturers' instruc-
tions, CLSI M44-A22 [11] prescribed interpretive 
criteria for fluconazole, voriconazole, and clotri-
mazole.

The Institutional Ethical Committee (IEC) at 
the School of Medical Education approved this 
study (IEC/25/MICRO/SME-GNR/2022).

Statistical analysis 

The results of the phagocytic and lytic indices 
were analysed using a one-sample t-test and 
ANOVA. P-value <0.05 was considered as signifi -
cant. The SPSS 17 software was used for statisti-
cal analysis.

Results

A total of 100 clinical isolates of Candida obtained 
from various diagnostic laboratories were iden-
tifi ed as belonging to four species: C. albicans 
(n = 49), C. tropicalis (n = 32), C. krusei (n = 18) and 
C. auris (n = 1). On HiCrome Candida differential 
agar, C. albicans produced light green colonies, 
C. tropicalis produced blue colonies, C. krusei 
produced purple colonies, and C. auris produced 
cream colonies, as shown in Figure 1. 

Phagocytic index
Engulfed yeast cells were enumerated, and the 
phagocytic index was calculated, as shown in 
Figure 2. The phagocytic index of C. albicans iso-



Journal of Medical Science 2024 June;93(2) 117

Figure 1. HiCrome Candida differential agar exhibiting growth of A: C. albi-
cans, B: C. tropicalis, C: C. krusei, D: C. auris.

Figure 2. Candida phagocytic test – Engulfed yeast cell by PBMCs.

Table 1. Comparison of phagocytic index of Candida spp. with C. albicans MTCC 227 using One-Sample t-test.

t df Sig. (2-tailed) Mean Difference Lower Upper
Phagocytic Index for C. albicans -3.92 48 0.00 -0.05 -0.08 -0.03
Phagocytic Index for C. tropicalis -2.63 31 0.01 -0.04 -0.06 -0.01
Phagocytic Index for C. krusei -2.12 17 0.04 -0.04 -0.09 -0.0001

95% Confi dence Interval of the Difference
C. albicans MTCC 227 test value = 0.15
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lates (p = 0) was compared to that of the stan-
dard strain of C. albicans (Candida albicans 
MTCC 227). As the p-value is <0.05, the phago-
cytic index of C. albicans isolates and C. albi-
cans MTCC 227 was statistically signifi cant. The 
phagocytic index for C. tropicalis was 0.01 and 
was found to be statistically signifi cant as it is 
<0.05. The p-value for the phagocytic index of C. 
krusei was 0.04 and was also statistically signifi -
cant (Table 1).

Lytic index 
The lytic index of C. albicans MTCC 227 was com-
pared to that of Candida isolates. Lytic index for 

C. albicans was 0.001 and is <0.05. So, the lytic 
indices of C. albicans and C. albicans MTCC227 
are statistically signifi cant. The p-value for the 
lytic index of C. tropicalis was 0.43 and is not sta-
tistically signifi cant. The lytic index for C. krusei 
was 0.35, not less than 0.05. Therefore, the lytic 
indices of C. krusei and C. tropicalis are not sta-
tistically signifi cant (Table 2). 

Intergroup phagocytic index comparison
The variations in phagocytic index among the 
three groups were derived using the ANOVA test. 
Even though differences in the mean between 
the three groups were observed, there was no 

Table 2. Comparison of lytic index of Candida spp. with C. albicans MTCC 227 using a one-sample t-test.

t df Sig. (2-tailed) Mean Difference Lower Upper
Lytic index for C. albicans -3.66 48 0.001 -0.13 -0.21 -0.06
Lytic index for C. tropicalis 0.79 31 0.43 0.32 -0.49 1.13
Lytic Index for C. krusei -0.96 17 0.35 -0.07 -0.21 0.08

95% Confi dence Interval of the Difference
C. albicans MTCC 227 test value = 0.39

Table 3. Intergroup Phagocytic index comparison using ANOVA.

 Sum of Squares df Mean Square F Sig.
Between Groups 0.01 2 0.003 0.40 0.67
Within Groups 0.78 96 0.008
Total 0.79 98

Table 4. Intergroup Lytic index comparison using ANOVA.

Sum of Squares df Mean Square F Sig.
Between Groups 4.15 2 2.06 1.23 0.29
Within Groups 162.29 96 1.69
Total 166.44 98

Figure 3. NBT test – showing blue coloured formazon positive cells.
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signifi cant difference in the intergroup phago-
cytic index, with an F value of 0.40 and p-value of 
0.67 (Table 3) [Supplementary data Table 1 and 
Figure 1].

Intergroup lytic index comparison
The ANOVA test determined the differences in the 
lytic indices of the three groups. Even though dif-
ferences in the mean between the three groups 
were observed, there was no signifi cant differ-
ence in the intergroup lytic index with an F-value 
of 1.23 and p-value of 0.29 (Table 4) [Supplemen-
tary data Table 2 and Figure 2].

Statistical analysis did not include C. auris, as 
only one isolate was identifi ed. The phagocytic 
index and lytic index for C. auris were 0.01. 

Nitroblue tetrazolium test
The degree of respiratory burst activity of PBMCs 
was ascertained using the Nitroblue tetrazolium 
test. NBT freely enters the cells, and intracellular 
reduction of the dye by phagosomes converts it 
to an insoluble blue crystalline form (formazon 
crystals), as shown in Figure 3. The percentage 
of formazon-positive cells varied among the dif-
ferent blood samples studied. The average respi-
ratory burst activity of the blood samples was 
73.57%, with a range variation of 54–92%.

Antifungal susceptibility testing
C. albicans exhibited 100% susceptibility to flu-
conazole and voriconazole. 93.8% of isolates 
were susceptible to clotrimazole, while 6.12% dis-
played intermediate susceptibility. Of the isolates 
of C. tropicalis, 96.8% were susceptible to flu-
conazole, and 3.12% were Susceptible Dose-De-
pendent (SDD). C. tropicalis exhibited 96.8% sus-
ceptibility and 3.12% resistance to voriconazole. 
81.25% of isolates were sensitive to clotrimazole, 
9.31% exhibited intermediate susceptibility, and 
9.37% were resistant. 

C. krusei are intrinsically resistant to flu-
conazole. Susceptibility to voriconazole was at 
100% in the case of C. krusei. C. krusei exhibited 
83.3% susceptibility, 11.11% intermediate sus-
ceptibility and 5.55% resistance to clotrimazole. 
C. auris turned out to be sensitive to Voricon-
azole and resistant to Fluconazole and Clotrim-
azole (Figure 4).

Discussion 

Candida is a commensal organism residing in the 
mucosal surfaces of the gastrointestinal tract, 
skin, and female genital tract in most humans. 
When perturbations in immunity or microbial 

Figure 4. Antifungal susceptibility of Candida spp.
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flora occur, Candida can convert to an opportu-
nistic pathogen and cause mucosal or systemic 
infections [12]. Candida spp. is associated with 
non-life-threatening, mucosal diseases like vagi-
nal and oral candidiasis to systemic infection, the 
most common deep-seated invasive mycosis in 
the developed world and the third leading cause 
of nosocomial bloodstream infection in mod-
ern intensive care units [13]. Experimental mod-
els evaluating host defence against Candida spp. 
have shown that innate resistance and acquired 
cell-mediated immunity are involved in anti-Can-
dida responses [14]. Essential components of 
both arms of the immune defence against infec-
tions by Candida spp. are phagocytic cells, i.e., 
polymorphonuclear neutrophils (PMN) and 
mononuclear phagocytes [15].

Lehrer et al. reported that neutrophils are 
important in defence against candidiasis [16]. 
Many studies have evaluated the phagocytic 
activity of C. albicans by PBMCs. Our study com-
pared the phagocytic activity of PBMCs against 
different Candida spp and evaluated this activ-
ity compared to a standard strain, C. albicans 
MTCC227. When comparing the phagocytic and 
lytic indices of the clinical isolates of C. albicans 
with C. albicans MTCC227, both indices were 
found to be statistically signifi cant. The clini-
cal isolates are less phagocytosed and lysed by 
PBMCs. For isolates of C. tropicalis and C. kru-
sei, the phagocytic indices were statistically sig-
nifi cant compared to C. albicans MTCC227, but 
the lytic indices were insignifi cant. Clinical iso-
lates are less phagocytosed and more lysed by 
PBMCs, suggesting that non-C. albicans spp. 
are better lysed by PBMCs. Moran GP [17] and 
Priest SJ et al. reported that this difference in 
lysing capacity could be a possible reason for the 
increased pathogenicity of C. albicans compared 
to non-albicans isolates [18]. The clinical isolates 
of C. albicans, C. tropicalis and C. krusei did not 
exhibit signifi cant differences in their phagocytic 
and lytic indices. However, all three species sig-
nifi cantly varied from C. albicans MTCC227.

The reduction of the yellow dye NBT to blue 
formazon indicates that the phagocytes produce 
oxygen radicals that play an important micro-
bicidal role in pathogen destruction [19,20]. The 
blood sample from healthy volunteers showed 
a substantial respiratory burst activity of 73.57% 
compared to blood from diabetic individuals, who 

exhibited a lesser respiratory burst activity of 
40.8% (our unpublished data).

The most common antifungals for candidi-
asis are azoles, polyenes and echinocandins. In 
the present study, two species of clinical isolates 
(C. albicans and C. tropicalis) showed high levels 
of sensitivity to the tested agents viz fluconazole, 
voriconazole and clotrimazole, and C. krusei 
exhibited high-level sensitivity to Voriconazole 
and clotrimazole which is by the study of Kuri-
yama et al. [21]. The single isolate of C. auris was 
only sensitive to voriconazole. Studies by Nihal 
Bandara et al. [22], Pfaller MA et al. [23], and Lock-
hart SR et al. [24] have reported variable resis-
tance of 12.67%, 28% and 54%, respectively, to the 
drug. All C. albicans isolates were sensitive to flu-
conazole and voriconazole but the susceptibility 
to clotrimazole was 93.8%. C. tropicalis showed 
96.8% sensitivity to fluconazole and voriconazole 
and 81.25% sensitivity to clotrimazole. All the C. 
krusei isolates were sensitive to voriconazole, 
and 83.3% were susceptible to clotrimazole.

The present study's possible limitation 
includes extrapolating in vitro laboratory fi ndings 
of phagocytic and lytic function to the in vivo 
relationship between PBMCs. This study utilised 
isolates of three species of Candida, C. albicans, 
C. tropicalis, and C. krusei, from oral candidi-
asis and tested them with PBMCs from healthy 
donors. An expansive study involving more Can-
dida species from different forms of candidiasis 
will certainly lead to a broader understanding of 
phagocytic and lytic functions.

In conclusion, PBMCs, which include poly-
morphonuclear neutrophils, monocyte/mac-
rophages and dendritic cells, which are the fi rst 
line of defence for professional phagocytes and 
also critical players during candidial infections, 
showed signifi cant reduction in phagocytic activ-
ity against clinically isolated Candida spp. when 
compared to the standard strain of C. albicans. 
The lytic activity of phagocytic cells was signifi -
cantly less towards C. albicans when compared 
to the standard strain of C. albicans. The lytic 
action against clinically isolated non-albicans 
species proved higher than the standard strain 
of C. albicans, which may result from its poly-
morphic nature and other surface adhesins. The 
inter-species comparison of the clinical isolates 
of Candida spp. did not reveal any signifi cant dif-
ferences in phagocytic or lytic activity.



Journal of Medical Science 2024 June;93(2) 121

Acknowledgements

The authors thank Mrs. Rajumol B. Zacharia for her 
technical assistance.

Conflict of interest statement
The authors declare no conflict of interest.

Funding sources
There are no sources of funding to declare.

References
Calderone RA, Clancy CJ (Eds.). Candida and 1. 
Candidiasis, (2nd Edition), ASM Press; 2012, 
DC10.1128/9781555817176.
de Oliveira Santos GC, Vasconcelos CC, Lopes AJO, de 2. 
Sousa Cartágenes MDS, Filho AKDB, do Nascimento 
FRF, Ramos RM, Pires ERRB, de Andrade MS, Rocha 
FMG, de Andrade Monteiro C. Candida Infections and 
Therapeutic Strategies: Mechanisms of Action for 
Traditional and Alternative Agents. Front Microbiol. 
2018 Jul 3;9:1351. doi: 10.3389/fmicb.2018.01351. 
PMID: 30018595; PMCID: PMC6038711.
Rudkin FM, Bain JM, Walls C, Lewis LE, Gow NAR, 3. 
Erwig LP. 2013. Altered dynamics of Candida albicans 
phagocytosis by macrophages and PMNs when both 
phagocyte subsets are present. mBio 4(6):e00810-
13. doi:10.1128/mBio.00810-13.
Coleman DC, Bennett DE, Sullivan DJ, Gallagher PJ, 4. 
Henman MC, Shanley DB, Russell RJ. Oral Candi-
da in HIV infection and AIDS: new perspectives/new 
approaches. Crit Rev Microbiol. 1993;19(2):61-82. 
doi: 10.3109/10408419309113523. PMID: 8338619.
Wisplinghoff H, Bischoff T, Tallent SM, Seifert H, 5. 
Wenzel RP, Edmond MB. Nosocomial bloodstream 
infections in US hospitals: analysis of 24,179 cas-
es from a prospective nationwide surveillance 
study. Clin Infect Dis. 2004 Aug 1;39(3):309-17. doi: 
10.1086/421946. Epub 2004 Jul 15. Erratum in: Clin 
Infect Dis. 2004 Oct 1;39(7):1093. Erratum in: Clin 
Infect Dis. 2005 Apr 1;40(7):1077. PMID: 15306996.
Deorukhkar SC, Saini S, Mathew S. Non-albicans 6. 
Candida Infection: An Emerging Threat. Interdis-
cip Perspect Infect Dis. 2014;2014:615958. doi: 
10.1155/2014/615958. Epub 2014 Oct 22. PMID: 
25404942; PMCID: PMC4227454.
Netea MG, Maródi L. Innate immune mechanisms for 7. 
recognition and uptake of Candida species. Trends 
Immunol. 2010 Sep;31(9):346-53. doi: 10.1016/j.
it.2010.06.007. Epub 2010 Aug 11. PMID: 20705510.
van der Meer JW, van de Veerdonk FL, Joosten LA, 8. 
Kullberg BJ, Netea MG. Severe Candida spp. infec-
tions: new insights into natural immunity. Int J Anti-
microb Agents. 2010 Dec;36 Suppl 2:S58-62. doi: 
10.1016/j.ijantimicag.2010.11.013. Epub 2010 Dec 3. 
PMID: 21129931.
Duggan S, Leonhardt I, Hünniger K, Kurzai O. Host 9. 
response to Candida albicans bloodstream infec-
tion and sepsis. Virulence. 2015;6(4):316-26. doi: 
10.4161/21505594.2014.988096. Epub 2015 Mar 18. 
PMID: 25785541; PMCID: PMC4601378.

Shanmugam L, Ravinder SS, Johnson P, Padmavathi 10. 
R, Rajagopalan B, Kindo AJ. Assessment of phago-
cytic activity of neutrophils in chronic obstruc-
tive pulmonary disease. Lung India. 2015 Sep-
Oct;32(5):437-40. doi: 10.4103/0970-2113.164159. 
PMID: 26628755; PMCID: PMC4586995.
M44 - Method for Antifungal Disk Diffusion Suscep-11. 
tibility Testing of Yeasts, 3rd Edition. Clinical and 
Laboratory Standards Institute.
Vazquez JA, Sobel JD. Mucosal candidiasis. Infect 12. 
Dis Clin North Am. 2002 Dec;16(4):793-820, v. doi: 
10.1016/s0891-5520(02)00042-9. PMID: 12512182.
Lionakis MS. New insights into innate immune con-13. 
trol of systemic candidiasis. Med Mycol. 2014 
Aug;52(6):555-64. doi: 10.1093/mmy/myu029. Epub 
2014 Jul 14. PMID: 25023483; PMCID: PMC4823972.
Ashman RB, Papadimitriou JM. Production and func-14. 
tion of cytokines in natural and acquired immunity to 
Candida albicans infection. Microbiological Reviews. 
1995 Dec;59(4):646-672. DOI: 10.1128/mr.59.4.646-
672.1995. PMID: 8531890; PMCID: PMC239393.
Jensen J, Warner T, Balish E. The role of phago-15. 
cytic cells in resistance to disseminated candidia-
sis in granulocytopenic mice. J Infect Dis. 1994 
Oct;170(4):900-5. doi: 10.1093/infdis/170.4.900. 
PMID: 7930734.
LEHRER, R. I &CLINE, M.J. (1969). Interaction of Can-16. 
dida albicans with human leucocyte and serum.
journal of bacteriology,98,996-1004. doi: 10.1128/
jb.98.3.996-1004.1969.
Moran GP, Sullivan DJ, Coleman DC. Emergence of 17. 
non-Candida albicans Candida species as pathogens. 
In Candida and Candidiasis; Calderone RA, Ed.; ASM 
Press: Washinton, DC, USA, 2002; pp. 37–54. 
Priest SJ, Lorenz MC. Characterization of Viru-18. 
lence-Related Phenotypes in Candida Species of 
the CUG Clade. Eukaryot Cell. 2015 Sep;14(9):931-
40. doi: 10.1128/EC.00062-15. Epub 2015 Jul 6. PMID: 
26150417; PMCID: PMC4551586.
Campbell DE, Douglas SD. Phagocytic cell functions. 19. 
I. Oxidation and chemotaxis. In: Rose NR, de Macario 
EC, Folds JD, Lane HC, Nakamura RM (eds) Manual of 
Clinical Laboratory Immunology, 5th edition Ameri-
can Society for Microbiology, Washington, p. 320-
328, 1997.
Underhill DM, Ozinsky A. Phagocytosis of microbes: 20. 
complexity in action. Annu Rev Immunol. 2002;20:825-
52. doi: 10.1146/annurev.immunol.20.103001.114744. 
Epub 2001 Dec 7. PMID: 11861619.
 Kuriyama T, Williams DW, Bagg J, Coulter WA, Ready 21. 
D, Lewis MA. In vitro susceptibility of oral Candi-
da to seven antifungal agents. Oral Microbiol Immu-
nol. 2005 Dec;20(6):349-53. doi: 10.1111/j.1399-302-
X.2005.00236.x. PMID: 16238594.
Nihal Bandara, Lakshman Samaranayake, Emerg-22. 
ing and future strategies in the management of 
recalcitrant Candida auris, Medical Mycology, Vol-
ume 60, Issue 4, April 2022, myac008, https://doi.
org/10.1093/mmy/myac008.
Pfaller MA, Messer SA, Deshpande LM, Rhomberg 23. 
PR, Utt EA, Castanheira M. Evaluation of Synergistic 
Activity of Isavuconazole or Voriconazole plus Ani-



Journal of Medical Science 2024 June;93(2)122

dulafungin and the Occurrence and Genetic Char-
acterization of Candida auris Detected in a Surveil-
lance Program. Antimicrob Agents Chemother. 2021 
Mar 18;65(4):e02031-20. doi: 10.1128/AAC.02031-20. 
PMID: 33431416; PMCID: PMC8097481.
Lockhart SR, Etienne KA, Vallabhaneni S, Farooqi J, 24. 
Chowdhary A, Govender NP, Colombo AL, Calvo B, 
Cuomo CA, Desjardins CA, Berkow EL, Castanheira M, 

Magobo RE, Jabeen K, Asghar RJ, Meis JF, Jackson 
B, Chiller T, Litvintseva AP. Simultaneous Emergence 
of Multidrug-Resistant Candida auris on 3 Conti-
nents Confi rmed by Whole-Genome Sequencing 
and Epidemiological Analyses. Clin Infect Dis. 2017 
Jan 15;64(2):134-140. doi: 10.1093/cid/ciw691. Epub 
2016 Oct 20. Erratum in: Clin Infect Dis. 2018 Aug 
31;67(6):987. PMID: 27988485; PMCID: PMC5215215.



Journal of Medical Science 2024 June;93(2) 123

Maintenance therapy after Autologous 
Stem Cell Transplantation in Multiple 
Myeloma – currents and perspectives

T H O U S A N D  W O R D S  A B O U T. . .

Krzysztof Żyłka
Department of Hematology and Bone Marrow Transplantation, 
Poznan University of Medical Sciences, Poland

 https://orcid.org/0009-0003-0893-5038

Corresponding author: krzy.zylka@gmail.com

Lidia Gil
Department of Hematology and Bone Marrow Transplantation, 
Poznan University of Medical Sciences, Poland

 https://orcid.org/0000-0003-0700-3637

Dominik Dytfeld
Department of Hematology and Bone Marrow Transplantation, 
Poznan University of Medical Sciences, Poland

 https://orcid.org/0000-0003-0855-6591

 doi: https://doi.org/10.20883/medical.e934

Keywords: newly-diagnosed, ASCT, MRD, 
Autologous Stem Cell Transplant, anti-CD38, 
maintenance, high-risk, Multiple Myeloma, 
immunomodulatory therapeutics, proteasome 
inhibitors

Received 2023-09-26
Accepted 2024-03-19
Published 2024-06-19

How to Cite: Żyłka K, Gil L, Dytfeld D. Maintenance thera-
py after Autologous Stem Cell Transplantation in Multiple 
Myeloma – currents and perspectives. Journal of Medical 
Science. 2024 June;93(2):e934. doi:10.20883/medical.e934

© 2024 by the author(s). This is an open access article distributed 
under the terms and conditions of the Creative Commons Attri-
bution (CC BY-NC) licencse. Published by Poznan University of 
Medical Sciences

ABSTRACT

MM is non-curable cancer that arises from plasma cells and is the second most common type of blood 
cancer. Drug-refractory relapses are inevitable, making it essential to sustain long-lasting remissions as 
part of therapy. Lenalidomide maintenance until progression is a standard of care for transplant-eligible 
newly-diagnosed patients. However, poor outcomes of high-risk patients and the risk of secondary primary 
malignancies associated with maintenance underline the need for novel approaches. Signifi cant changes in 
frontline treatment maintenance are expected, with the increasing importance of minimal residual disease 
monitoring and the development of novel drug combinations for maintenance. This article explores current 
standards and prospects for maintaining response after upfront in ASCT in MM.

Introduction

Multiple Myeloma (MM) is a type of cancer that 
arises from plasma cells and is the second most 
common hematological neoplasm. The disease is 
incurable, and drug-resistant relapses are com-
mon, narrowing the applicable therapeutic port-
folio with each relapse [1]. Therefore, maintaining 
durable remissions is one of the crucial points of 

the therapy. These thousand words describe cur-
rent standards and perspectives in the remission 
maintenance strategies in MM after ASCT.

Current standards

An upfront quadruplet-inducing regimen followed 
by high-dose chemotherapy, autologous stem 
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cell transplant (ASCT), and lenalidomide mainte-
nance therapy is a standard for transplant-eligi-
ble newly diagnosed (ND) MM patients. Lenalido-
mide is the only drug approved for maintenance 
after ASCT. The current strategy involves treat-
ment until progression, which has been shown 
to increase progression-free survival (PFS) com-
pared to observation [2–5]. McCarthy et al.’s 
meta-analysis showed that lenalidomide main-
tenance post-ASCT resulted in better overall sur-
vival and confi rmed the progression-free surviv-
al benefi t for patients with NDMM compared to 
those on placebo or observation [5]. The median 
PFS was 52.8 months for the lenalidomide group 
and 23.5 months for the placebo or observa-
tion group. This was confi rmed by the phase III 
Myeloma XI trial, in which patients eligible for 
transplantation had a median PFS of 57 months, 
compared to the observation group, which had 
a median PFS of 30 months [2]. 

Proteasome inhibitors (PIs) are, alongside 
immunomodulatory drugs (IMIDs), the core of 
MM treatment and aspire to establish their posi-
tion in maintenance therapy. Ixazomib is a prom-
ising option for maintenance among PIs due 
to its low toxicity profi le and once-weekly oral 
dosing. According to the phase III TOURMA-
LINE-MM3 study, there was a 28% decrease in the 
risk of progression or death with ixazomib com-
pared to placebo. This result was obtained with 
a median follow-up of 31 months [6]. The com-
bination of immunomodulatory drugs and PI is 
another strategy. According to the FORTE trial, 
adding carfi lzomib to lenalidomide maintenance 
led to a 3-year PFS of 75%, higher than the 65% 
achieved using lenalidomide alone [7]. The supe-
riority of the triplet maintenance was reported by 
Dytfeld et al. in an ATLAS study of KRd (carfi l-
zomib, lenalidomide, and dexamethasone) versus 
lenalidomide alone. KRd reduced death and pro-
gression by 44% compared to lenalidomide alone, 
providing an 18-month longer PFS without sig-
nifi cantly increasing toxicity [8]. Contrary to these 
fi ndings, Rosinol et al. reported that adding ixa-
zomib did not improve maintenance with lenali-
domide and dexamethasone [9].

Daratumumab, an anti-CD38 antibody, is 
being studied for maintenance therapy alone or 
with other agents. The CASSIOPEIA study showed 
that daratumumab maintenance therapy was 
effective in improving outcomes for patients with 

NDMM who received VTd (bortezomib, thalido-
mide, dexamethasone) induction/consolidation 
treatment. However, no benefi ts were observed 
compared with observation in patients who 
received daratumumab-VTd [10]. The GRIFFIN 
study revealed that adding daratumumab to 
RVd (lenalidomide, bortezomib, dexamethasone) 
induction and consolidation, followed by daratu-
mumab plus lenalidomide maintenance, resulted 
in deep and lasting responses in transplant-eli-
gible NDMM patients. The study showed a posi-
tive trend towards improved PFS, with 4-year 
progression-free survival of 87.2% for D-RVd 
compared to 70.0% for RVd [11]. The results of the 
PERSEUS trial align with these fi ndings, support-
ing the use of daratumumab in combination with 
RVd for transplant-eligible NDMM, followed by 
daratumumab-lenalidomide maintenance. D-RVd 
showed a signifi cant improvement in PFS com-
pared to RVd, with estimated 48-month PFS rates 
of 84.3% for D-RVd, versus 67.7% for RVd [12]. 
Based on these fi ndings, adding daratumumab 
to lenalidomide maintenance has the potential to 
become a new standard of care.

Maintenance duration

The duration of maintenance therapy is still 
a research subject, mainly because of the risk 
of secondary primary malignancies (SPM). SPM 
post-ASCT for myeloma leads to lower PFS and 
overall survival (OS), but MM remains the leading 
cause of death [13]. Therefore, there is a need to 
discuss how to avoid unnecessary patient treat-
ment, and the measurement of Minimal Residu-
al Disease (MRD) may signifi cantly address this 
issue. MRD is a powerful PFS and OS predictor 
and emerges as a tool for monitoring disease and 
could, in the future, guide therapeutic decisions 
[14]. The MASTER trial showed that most patients 
who achieved MRD negativity did not experi-
enced progression without maintenance thera-
py [15]. There is growing interest in researching 
the role of MRD in post-ASCT maintenance and 
identifying which individuals can benefi t from 
MRD-guided maintenance cessation [16]. Ros-
inol et al. suggested that patients who achieve 
MRD-negativity can undergo limited mainte-
nance therapy for up to two years [9]. In the PER-
SEUS trial, Patients who achieve MRD negativity 
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for 12 months can stop receiving daratumumab 
but continue with lenalidomide maintenance. 
In a recent report, 64% of patients discontinued 
daratumumab maintenance after achieving sus-
tained MRD-negativity [12]. In the KRd arm of the 
ATLAS study, patients with standard-risk cyto-
genetics achieved superior PFS and MRD-free 
survival. Patients with sustained MRD-negativ-
ity in the KRd arm confi rmed in 78% of patients 
who received de-escalated therapy from KRd 
to lenalidomide. Only 25% had progressive dis-
ease or MRD resurgence, compared to 47% in the 
lenalidomide arm [17].

Maintenance in high-risk 
cytogenetics abnormalities (HRCA)

HRCAs are still a major challenge for MM treat-
ment associated with unfavorable outcomes, 
especially for patients with co-existing HRCAs. 
MYELOMA XI trail shows that lenalidomide main-
tenance post-ASCT turned out to be benefi cial 
for patients with a single HRCA [18]. How to man-
age co-existing HRCAs needs to be clarifi ed. The 
addition of PIs could be benefi cial. A phase II tri-
al by Nooka and colleagues found that combin-
ing carfi lzomib, pomalidomide, and dexametha-

Table 1. Outcomes of key completed and ongoing studies evaluating maintenance treatment in newly-diagnosed transplant-eligi-
ble multiple myeloma. ASCT: Autologous Stem Cell Transplantation; CR: Complete Response; DR: Daratumumab and Lenalidomide; 
D-RVd: Daratumumab, Lenalidomide, Bortezomib, and Dexamethasone; D-VTd: Daratumumab, Bortezomib, Thalidomide, and Dexam-
ethasone; IRd: Ixazomib, Lenalidomide, and Dexamethasone; Kd: Carfi lzomib, and Dexamethasone; KRd: Carfi lzomib, Lenalidomide, 
and Dexamethasone; MRD: Minimal Residual Disease; OS: Overall Survival; PFS: Progression-Free Survival; R: Lenalidomide; Rd: 
Lenalidomide and Dexamethasone; RVd: Lenalidomide, Bortezomib, and Dexamethasone; VTd: Bortezomib, Thalidomide, and Dex-
amethasone.

Trial Name and status Phase Treatment Arms Key Findings MRD Status Impact
PERSEUS
NCT03710603
Active

3 D-RVd induction and 
consolidation with daratumumab 

and lenalidomide maintenance 
vs. RVd induction and 

consolidation therapy and 
lenalidomide maintenance 

Estimate 48-month PFS: 84.3% 
D-RVd vs. 67.7% RVd, 87.9%; CR 
in D- RVd group vs 70.1%, in RVd; 

MRD-negative status in D-RVd 
75.2% vs 47.5%

Patients who achieve MRD 
negativity for 12 months 

can stop receiving 
daratumumab but continue 

with lenalidomide 
maintenance

ATLAS
NCT02659293
Active

3 KRd vs. lenalidomide 
maintenance 

Median PFS: 59.1 months KRD 
vs. 41.4 months lenalidomide

Switch to lenalidomide 
maintenance if 

MRD-negative after cycle 
six

CASSIOPEA
NCT02541383
Completed

3 D-VTd induction and 
consolidation vs. VTd induction 
and consolidation; with further 

re-randomization to maintenance 
arm of daratumumab vs 

observation

At a median follow-up of 35.4 
months, median PFS was not 

reached in the group receiving 
daratumumab, compared to 46.7 
months in the observation group

—

GRIFFIN
NCT02874742
Completed

2 D-RVd or RVd induction, ASCT, 
D-RVd or RVd consolidation, and 
lenalidomide maintenance with 

or without daratumumab 

Higher stringent CR and 4-year 
PFS in D-RVd

—

GEM2012MENOS65
NCT01916252
Completed

3 RVd induction, ASCT, RVd 
consolidation and maintenance 

with Rd vs. IRd 

6-year PFS: 61.3% for RD and 
55.6% for IRD

Discontinuation for 
MRD-negative patients 

after 24 cycles
MYELOMA XI
NCT01554852
Completed

3 Lenalidomide maintenance vs. 
observation

Median PFS: 39 months 
lenalidomide vs. 20 months in 

observation arm;
3-year OS: 78.6% R vs. 75.8% in 

observation arm;
Transplantation-eligible 3-year 

OS: 87.5% R vs. 80.2% in 
observation arm

—

TOURMALINE-MM3
NCT02181413
Active

3 Ixazomib maintenance vs. 
placebo 

28% reduction in the risk of 
progression or death with 

ixazomib

—

FORTE
NCT02203643
Active

2 Carfi lzomib and lenalidomide 
maintenance vs. lenalidomide 

maintenance

3-year PFS was 75% with 
carfi lzomib and lenalidomide vs. 

65% with lenalidomide alone

—
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sone was effective and safe in treating high-risk 
multiple myeloma. The study showed signifi cant 
improvement in patient responses, with 80% 
achieving MRD negativity. However, the study also 
found that patients with a double-hit MM still had 
poor PFS and OS outcomes [19]. In a single-cen-
ter retrospective study, Joseph et al. underlined 
the benefi ts of risk-adapted maintenance. Stan-
dard-risk patients received single-agent main-
tenance therapy, mostly lenalidomide (76%). 
High-risk patients received PI and IMID combina-
tion. PFS and OS were shorter in this group, how-
ever, with the benefi t of the risk-adapted algo-
rithm, achieving a median PFS of 40.3 months 
and a median OS of 78.2 months. Patients with 
17p deletion in this study had a median PFS of 
37.2 months and a median OS of 68.5 months. 
Most of them received triple-drug maintenance 
therapy with IMID and PI [20].

Conclusion

This article provides an overview of the lat-
est developments in maintenance treatment for 
NDMM following ASCT (Table 1). While signifi cant 
progress has been made in this area, many ques-
tions remain regarding maintenance therapy. 
The challenges include establishing the optimal 
duration of maintenance to avoid SPM and ther-
apy-related toxicities. On the other hand, there 
is still a need for new approaches for high-risk 
patients. Novel drugs, combinations, and MRD 
guidance are expected to improve maintenance 
outcomes soon.
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ABSTRACT

The complex interactions of genetic, environmental, and behavioral factors that contribute to obesity, a per-
vasive global health issue, continue to be a severe concern for people all over the world. This manuscript 
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examines the fi eld of obesogen research, seeking to understand the mechanisms by which certain environ-
mental chemicals contribute to the development of obesity. We explore the obesogenic effects by focusing 
on pathways such as inflammation, hormone interference, and the activation of peroxisome proliferator-ac-
tivated receptors (PPARs). The text focuses on the signifi cance of PPAR isoforms, especially PPARγ, and how 
they play a role in adipose tissue growth. We examine how obesogens such as tributyltin (TBT) and bisphe-
nol A (BPA) influence these receptors. Additionally, we examined the impact of obesogens on hormonal reg-
ulation, including disruptions to leptin and adiponectin, and investigated the intricate relationship between 
chronic inflammation and obesity. In the methodology of our study, we utilized a systematic search to iden-
tify peer-reviewed articles of relevance. This search spanned various model systems, including in vitro, in 
vivo, and epidemiological studies, providing insights into the distinct advantages and limitations associated 
with each. Epigenetic modifi cations and the influence of obesogens on the development of adipose tissue, 
metabolism, and appetite control further enrich our understanding of this complex fi eld. Finally, we assess 
the role of endocrine disruptors in amplifying the risk of obesity, emphasizing the heightened susceptibil-
ity during crucial developmental periods. This comprehensive review aims to contribute to the ongoing dis-
course surrounding obesogens, paving the way for targeted interventions and a more profound comprehen-
sion of the global obesity epidemic.

Introduction

Obesity, defi ned as a BMI of 30 kg/m2 or more, is 
a global pandemic that affects children and adults 
in both developing and industrialized countries 
[1]. Obesity is the accumulation of excess body 
fat that can harm health. A person's body mass 
index (BMI), a measurement of body fat based on 
height and weight, is commonly used to deter-
mine it; interactions between hereditary, envi-
ronmental, and behavioral factors typically cause 
obesity. Obesity can develop because of several 
reasons, including poor eating habits, inactivity, 
specifi c medical disorders, pharmaceutical use, 
and psychological concerns. Additionally, genet-
ic predisposition may make some people more 
prone to acquiring weight.

Adipose tissue, body fat, is crucial in energy 
storage, hormonal regulation, and insulation. In 
the context of obesity, excessive accumulation 
of adipose tissue, especially visceral fat, contrib-
utes signifi cantly to the health risks associated 
with obesity. Visceral fat found deep within the 
abdominal cavity surrounding vital organs like 
the liver, pancreas, and intestines is metabolical-
ly active and strongly linked to various metabolic 
disorders, including type 2 diabetes, cardiovas-
cular disease, and inflammation. Adipocytokines, 
including leptin and adiponectin, are key signal-
ing molecules secreted by adipose tissue, influ-
encing various metabolic processes and inflam-
mation. Leptin acts on the hypothalamus to regu-
late appetite and energy expenditure, while adi-

ponectin enhances insulin sensitivity and has 
anti-inflammatory effects, contributing to over-
all metabolic health. Hence, understanding the 
mechanisms associated with visceral fat accu-
mulation and its interactions with environmental 
factors, such as obesogens, is vital for examining 
the pathways involved in obesity-related diseas-
es. Therefore, the present study aimed to inves-
tigate the mechanisms by which environmental 
chemicals, known as obesogens, contribute to 
the development of obesity, with a focus on path-
ways such as inflammation, hormone interfer-
ence, and the activation of peroxisome prolifera-
tor-activated receptors (PPARs).

History of obesity 
Over 68 million people participated in 
a large-scale, systematic examination of the lit-
erature that found that 650 million adults aged 
18 and older were obese and that at least 1.9 bil-
lion adults were overweight in 2015 [1]. Around 
107 million children globally suffer from obesity. 
In many nations, childhood obesity is rising more 
quickly than adult obesity. Overweight or obesi-
ty caused 4 million deaths worldwide, with over 
40% of these deaths occurring in those who were 
overweight but not obese. One hundred twen-
ty million years of life with disabilities were lost 
worldwide in 2015 because of being overweight. 
Between 1980 and 2000, the obesity rate in the 
United States more than doubled [1].

Between 1980 and 2010, the US's obesity 
prevalence more than doubled, rising from 13.4% 
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to 35.7%. According to the latest recent data, 
the prevalence of obesity grew globally, reach-
ing 37.7% in 2014 and 39.8% in 2016 [1]. Obesity 
affects black (46.8%) and Hispanic (47.0%) people 
disproportionately, while black (54.8%) and His-
panic (50.6%) women bear the brunt of the load. 
In 2012, more than one-third of young people in 
America were overweight or obese; by 2016, that 
number had dropped to 18.5 percent, with the 
oldest age group (those between 12 and 19 years 
old) having the greatest incidence of obesity (20.6 
percent).

Obesogens
According to Ribeiro et al. [2], the word "obeso-
gen" was created to designate substances, such 
as Endocrine-Disrupting Chemicals (EDCs), that 
can encourage obesity in humans and animals. 
EDCs are exogenous substances that interfere 
with the body's normal homeostasis and encour-
age adipogenesis and fat buildup. They are also 
exogenous substances that impede hormone 
function [3]. 

Obesogens are widely present in our environ-
ment and various daily items, including fungi-
cides and food packaging [4]. These substances 
may exert their effects in several ways, including 
nuclear receptor binding that alters transcription-
al regulation, interference with steroid hormone 

function, and disruption of the neuroendocrine 
system's regulation of average metabolic balance. 
Endocrine disruptors are also among the most 
popular and extensively researched obesogens.

Individual obesogens encompass a wide 
range of substances identifi ed as contributors 
to obesity by disrupting normal metabolic pro-
cesses [2]. These substances include chemi-
cals in plastics, pesticides, food additives, and 
personal care products. For example, bisphenol 
A (BPA), commonly found in plastics and food 
containers, has been linked to obesity due to its 
ability to interfere with hormone signaling related 
to metabolism. Similarly, many household prod-
ucts' phthalates may disrupt endocrine function 
and contribute to weight gain. Organotins, used 
in pesticides and antifouling paints, have also 
been implicated as obesogens [4]. These com-
pounds can disrupt hormonal balance, increasing 
fat accumulation and metabolic dysfunction. 

Obesogens' sources and classes
About 20 different chemical substances have 
been identifi ed as obesogens thus far. Most are 
human-made compounds intentionally or mis-
takenly released into the environment, while 
some are natural (like phytoestrogens) [5]. These 
substances can be breathed, applied topically, or 
taken orally.

Figure 1. Sources of obesogens.
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Tributyltin – a model obesogen
One of the earliest identifi ed obesogens is tribu-
tyltin (TBT), currently the subject of extensive 
research. To encourage the commitment and dif-
ferentiation of adipocytes, TBT binds to and acti-
vates Peroxisome Proliferator-Activated Recep-
tor (PPAR) and Retinoid X Receptor (RXR) nuclear 
receptors involved in regulating gene expression 
related to lipid metabolism and adipogenesis. 
Studies conducted in vitro proved that TBT expo-
sure induced the activation of PPAR and RXR, 
which led to the differentiation of murine 3T3-L1 
adipocytes into adipocytes [6]. Additionally, 3T3-
L1 preadipocytes treated with TBT created defec-
tive adipocytes with altered lipid metabolism and 
gene expression [2]. According to in vivo stud-
ies, TBT exposure enhanced fat accumulation 
and hepatic steatosis in rodents, fi sh, snails, and 
Daphnia. TBT administration during pregnancy led 
to F1 mice with larger adipose depots and a bias in 
Mesenchymal Stem Cells (MSCs) toward the adi-
pose lineage rather than the bone lineage [7].

Surprisingly, exposure to TBT during pregnan-
cy can have lasting effects on future generations. 
Pregnant F0 dams exposed to environmentally 
relevant (nanomolar) levels of TBT in the drinking 
water showed increases in adipose depot weight, 
adipocyte size, adipocyte number, and the pro-
pensity of MSCs to differentiate along the adipo-
genic rather than the osteogenic pathways in F1, 
F2, and F3 offspring. With various substances in 
other labs, transgenerational increases in obesi-
ty were also documented [8]. According to Lima 
et al. [7], an epigenetic mechanism was probably 
responsible for these effects.

A second TBT exposure experiment revealed 
that the effects of prenatal TBT exposure on 
fat depot size persisted at least through the F4 
generation. When dietary fat was substantially 
increased (from 13.2 to 21.2% kcal from fat), the 
F4 male offspring of pregnant F0 mice exposed to 
TBT developed greater fat mass than their control 
counterparts. Furthermore, when put back on the 
regular low-fat diet, these animals did not lose 
weight during the fast and kept the extra fat [9].

It is critical to remember that current toxicol-
ogy risk assessment paradigms, which include 
direct chemical exposure, may only partially 
detect the risks associated with chemical expo-
sure, given the transgenerational impacts of TBT 
and other obesogens [10]. Generations that are 

directly exposed may show few or no signifi cant 
phenotypes, and it has been suggested that the 
best way to assess risks is to combine traditional 
toxicological analysis with a generational toxicol-
ogy analysis that considers the effects on future 
generations [11].

Mechanism of action of obesogen
Research into the specifi c mechanisms of obe-
sogens is still in its infancy. A recent study found 
that inflammation, hormone interference, and the 
peroxisome proliferator-activated receptor gam-
ma (PPARγ) are all essential contributors to the 
development of obesity [13]. There are additional 
obesogen-related possible pathways; however, 
the paper does not discuss all of them. The fol-
lowing section will focus on the signifi cance of 
these three pathways in obesogenic effects. To 
further emphasize the distinctions between expo-
sures to obesogens that are persistent versus 
non-persistent, as well as those that are devel-
opmental (in utero) and non-developmental, more 
study is likely required [12].

Activation of Peroxisome 
Proliferator-Activated Receptors (PPARs)
Peroxisome proliferator-activated receptors 
(PPARs) are steroid-free nuclear hormone recep-
tors. There are currently three recognized iso-
forms of PPAR, which are: (1) PPARα, (2) PPARβ/δ, 
and (3) PPARγ. A separate gene encodes each 
isoform. PPARs interact with the nuclear receptor 
9-cis retinoic acid receptor (RXR) to produce their 
heterodimers [14, 15]. These heterodimers modify 
the expression of the target genes. The heterodi-
mer binds to specifi c response sites called per-
oxisome proliferator response elements (PPRE) 
in the promoter region of target genes [16]. When 
a ligand and receptor come into contact, the 
receptor's conformation is altered, which causes 
co-transcriptional factors to be attracted. The tar-
get gene's mRNA expression rises as a result [17].

PPARs target genes involved in fat stor-
age, transport, and metabolism like fi broblast 
growth factor 1 (FGF1), G protein-coupled recep-
tor 81 (GPR81), adiponectin (PPARγ), and CPT-1 
(PPARα) as typical targets in the exploration of 
obesogenic pathways [19]. Regarding adipose 
tissue growth, PPARγ is the transcription fac-
tor that has been the subject of most research. 
According to Huang et al. [18], thiazolidinedione 
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medications used to treat type 2 diabetes target 
PPARγ to improve insulin sensitivity while also 
causing adipogenesis. It has been established 
that many obesogens activate the PPARγ/RXR 
heterodimer in vitro, in utero, and in vivo. Tribu-
tyltin (TBT) is an extensively researched obeso-
gen that upregulates this gene. Uncertainty sur-
rounds whether the effects result from activating 
the RXR domain, the PPAR domain, or both [80]. 
Since TBT-activated transfected Cos7 cells in the 
presence of a PPAR antagonist, TBT likely acti-
vates the PPAR/RXR complex via binding to the 
RXR domain [80].

Additionally, it has been demonstrated that 
RXR activation, rather than PPARβ/δ activity, is 
necessary for mesenchymal stem cell commit-
ment to the adipogenic lineage [20]. However, fur-
ther research is required to back up this asser-
tion. Bisphenol A (BPA, a plastic monomer), triflu-
mizole (a fungicide), phthalate monoesters (plas-
ticizers), Firemaster 550 (a flame retardant), and 
dioctyl sodium sulfosuccinate (DOSS), an ingre-
dient in the oil dispersant COREXIT, are additional 
obesogens that have been shown to function at 
least partially through PPARγ/RXR activation [80]. 
Several obesogens likely activate the PPARγ /RXR 
heterodimer in different ways, and more investiga-
tion is required to pinpoint the precise molecular 
pathways. Understanding how these obesogens 
affect the PPARγ /RXR heterodimer may help to 
understand how to reverse their effects [21].

An additional isoform of PPAR is PPARα. It 
is mainly in skeletal muscle, brown adipose tis-
sue, the liver, and the heart. It is essential for 
the liver's fatty acid metabolism. Other natural 
ligands include oxidized phospholipids, proteins 
that break down lipoproteins, and fatty acids [44]. 
There is growing evidence that it functions in adi-
pose tissue and is a target for obesogens despite 
being largely present in the liver and skeletal 
muscle. According to Cordeiro et al. [22], PPARα 
improves insulin sensitivity and helps rodents 
control their body weight. 

Antagonists reduce insulin resistance and 
body weight in male mice. Adiponectin mRNA 
expression increases in PPARγ-defi cient mice; 
however, this is thought to result from an 
increase in adipose tissue mass or an attempt to 
counteract a concurrent increase in leptin pro-
duction [43]. Regarding obesogens, PPARα has 
not been examined as extensively as PPARγ, 

although recent research indicates that there 
may be an impact. Aspartame and MSG (mono-
sodium glutamate) decreased the expression of 
the PPARγ gene in mice. TBT was discovered to 
activate PPARγ in transfected HeLa cells, and 
mice exposed to TBT in utero showed increased 
PPARγ mRNA expression [44].

One mechanism causing the obesogenic 
effects may be increased expression of PPARα, 
which is known to boost insulin sensitivity. How-
ever, according to Loh et al. [23], the obesogen 
bis (2-ethylhexyl) phthalate (DEHP) enhanced 
mRNA expression of PPARα in liver tissue while 
lowering expression in visceral fat in mice. The 
mechanisms of obesogens are likely more com-
plex than what is now understood. Therefore, 
more research will be required before any defi ni-
tive conclusions can be drawn [43].

Hormone interference
Exogenous chemicals that mimic or obstruct hor-
mone function can signifi cantly affect metabolic 
processes' effi ciency. Tightly controlled hor-
mones, such as androgens and estrogens, have 
a signifi cant impact on the function of adipose 
tissue. Males with lower BMIs have higher tes-
tosterone levels [24]. Many phthalates, which are 
thought to be antiandrogens, have been connect-
ed to human obesity. BPA behaves as a xenoe-
strogen. The progeny of mice who are perinatally 
exposed to BPA are noticeably bulkier. Dichlo-
rodiphenyldichloroethylene (DDE), a metabolite of 
the common pesticide dichlorodiphenyltrichloro-
ethane (DDT), has also been shown to have estro-
genic effects. Babies gain weight quickly after 
being exposed to it during pregnancy. Phthalates, 
polybrominated biphenyl ethers (PBDEs), and 
BPA have also been shown to reduce thyroid lev-
els in the blood [25].

Decreased thyroid hormone levels bring on 
an increase in BMI. Obesogens also affect lep-
tin and adiponectin. Zhang et al. identifi ed Lep-
tin to cause satiety and boost skeletal muscle 
and brown adipose tissue glucose absorption; 
Hyperinsulinemia and obesity are caused by lep-
tin mutations. Leptin resistance, however, can 
result from hyperleptinemia, which is common 
in obese people [26]. Scherer et al. fi rst identifi ed 
adiponectin, which improves insulin sensitivity. 
Several obesogens have been shown to have an 
impact on these hormones. TBT lowers serum 
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adiponectin levels and raises plasma leptin levels 
in mice, leading to the overexpression of the lep-
tin gene [27].

DEHP lowers the mRNA levels of leptin and 
adiponectin in mice. Male mice exposed to DOSS 
during pregnancy have higher plasma leptin lev-
els. Genistein, an isoflavone found in soy, increas-
es leptin mRNA expression, male mouse adipose 
tissue accumulation, and insulin resistance. 
DEHP has also been shown to increase serum 
leptin levels [28]. It was shown that the plasti-
cizer benzyl butyl phthalate (BBP) boosted the 
expression of the adiponectin protein in differen-
tiated 3T3-L1 cells. Adipocyte growth is addition-
ally reliant on glucocorticoid receptor activation. 
Sargis et al. demonstrated improved adipogenic 
differentiation by employing BPA, dicyclohexy-
lphthalate (DCHP), endrin, and tolylfluanid to acti-
vate the glucocorticoid receptor [29]. Although it 
is unclear how each obesogen will act and how 
hormone impact will function, obesogens typi-
cally target hormones. In addition, there may yet 
be unknown hormonal targets.

Inflammation
There is a link between chronic inflammation and 
obesity. Although there is a link between inflam-
mation and the growth of fat tissue [30], it may 
also result from epigenetic changes brought on 
by environmental and lifestyle variables. Male 
mice exposed to DOSS in utero demonstrated 
increased body mass, visceral fat mass, upregu-
lated inflammatory gene expression (Cox2, Nox4), 
and increased plasma levels of IL6. Like humans, 
TBT treatment in rats elevated PPARγ, additional 
ovarian fat mass, and increased inflammation in 
the reproductive system. Increased body weight 
and uterine inflammation were observed follow-
ing TBT administration in a comparable research 
study of female rats [31]. Increased IL-6, TNF-, 
and IL-1 gene expression in white adipose tissue 
and increased fat mass rate were seen in male 
BPA-exposed mice. Variousized 3T3-L1 preadi-
pocytes also show increased expression of IL-6, 
TNFα, MCP-1, and CXCL1 after exposure to either 
TBT, BPA, or mono-ethylhexyl phthalate (MEHP, 
metabolite of DEHP) [32].

An Il-17 antibody may slow down inflammation 
and prevent the BPA obesogenic effects, accord-
ing to Mittelstraß and Waldenberger’s [58] study 
on male mice, suggesting that inflammation 

may be a substantial factor in this effect. It has 
also been demonstrated that several obesogens 
cause an increase in immune cells in adipose tis-
sue [58]. The mRNA expression of CD68, a marker 
for fi ltration-associated macrophages, increased 
in female lambs exposed to BPA. Furthermore, 
gonadal white adipose tissue from mice exposed 
to BPA during pregnancy included more mac-
rophages. BPA has also been shown to encour-
age macrophage self-renewal. Even though 
BPA is one of the obesogens that has received 
the most attention, there are additional obeso-
gens. Additionally, there is proof of a connection 
between inflammation and the PPARγ and PPARα 
genes [33]. In addition to being elevated during 
inflammation, these molecules function as nega-
tive feedback loops because they compete with 
transcription factors for proinflammatory genes. 
Thiazolidinediones, an anti-diabetic medication, 
inhibits tumor necrosis factor (TNF) and acti-
vates PPARγ [34]. Although research in this fi eld 
is still in its infancy, data suggests that inflam-
matory cells and gene expression play a role in 
obesogenic pathways.

Model systems

Epidemiological studies, in vitro and in vivo sys-
tems, and model systems are currently used to 
assess the mechanisms of obesogenic action. 
Each kind offers unique benefi ts and drawbacks 
for developing mechanisms. The following para-
graphs go over typical systems for each category 
and their advantages and disadvantages [13].

In vitro models
Compared to other model systems, in vitro models 
have several advantages. To be more biological-
ly relevant, they might employ human cell types. 
They are often also simpler, faster, and more 
convenient as an effective obesogen screen-
ing method before in vivo investigations, cheap-
er, and parallelizable (for tests with medium to 
high volume) [35]. In vitro screening methods are 
already available to evaluate traits like adipocyte 
maturation and lipid metabolism to identify pos-
sible obesogens [36]. These simulations mostly 
employ mouse 3T3-L1 preadipocytes. These cul-
tures have been crucial in revealing some of the 
molecular processes underlying adipogenesis. 
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However, it is still being determined if the 3T3-
L1 cell line is adequate for evaluating adipogenic 
responses since they are fully committed to the 
adipocyte lineage [37]. Patient demographics and 
medical histories are unknown to researchers 
and contribute to large outcome variability [38]. 
Sex-specifi c distinctions are typically ignored 
even though gender is known to alter body fat 
storage and responses to obesogens. 

Further study must concentrate on validating 
these models using primary cells or tissues from 
numerous known patient populations. Addition-
ally, obesogens have depot-specifi c effects on 
adipose tissue. Visceral versus subcutaneous 
or brown versus white adipose tissue-derived 
cells may respond to obesogens differently [39]. 
Understanding the various responses of adipose 
tissue depots is crucial for identifying obesogenic 
consequences, as visceral adipose tissue is most 
directly linked to metabolic disease [65].

To duplicate the effects of obesogens in vitro 
and better understand their effects under more 
physiologically appropriate conditions, research-
ers have begun examining 3D human tissue sys-
tems [66]. The in vivo adipose tissue environment 
may be replicated by using 3D adipose tissue 
systems, which can be extended for long-term 
culture (months to study the long-term effects of 
obesogens). These systems can be used to inves-
tigate cell migration and how obesogens are kept 
in adipose tissue. Adipose tissue may hold onto 
obesogens because it is primarily lipophilic [40]. 

3D models can include non-adherent mature 
adipocytes that cannot be grown using tradition-
al 2D culture techniques. Like ASC differentiation, 
which also becomes non-adherent with time, they 
enable long-term in vitro research. The use of 3D 
models enables the development of more complex 
coculture systems [41]. Because different organs, 
including adipose tissue, the pancreas, the liver, or 
the thyroid play a role in the obesogenic process-
es, systems combining multiple cell types may 
provide more physiologically accurate data. They 
can research paracrine signaling as well. Howev-
er, because 3D models include either synthetic or 
natural extracellular matrix (ECM), they are more 
expensive and sophisticated than 2D systems 
[42]. This introduces new factors, including pore 
size, mechanical characteristics, and cell bind-
ing domains. Furthermore, problems with flow 
rates, medium, and fluid/cell ratios are present 

in perfusion cultures [50]. Finally, most of the in 
vitro research is now 2D, which makes it diffi cult 
to compare outcomes from 3D cultures to already 
validated models [71]. Overall, 2D and 3D in vitro 
models of biological interactions and boundary 
conditions can be accurately controlled, enabling 
quantitative evaluations of mechanisms. Due to 
their ability to assess dose responses and com-
bination effects concurrently, they are ideal for 
high-throughput screening. In vitro models offer 
high screening potential for obesogens despite 
having issues that must be fi xed [52]. 

In vivo models
Animal models have the disadvantage of plainly 
not accurately reproducing human physiology. 
However, because they are suitable for analyzing 
whole-body kinetics and systemic effects that are 
impossible to investigate in vitro, animal models 
are a signifi cant and often used tool for study-
ing obesogens [53]. According to Huang et al. 
[18] and Talley et al. [54], complex interconnected 
pathways involving several organs, such as adi-
pose tissue, liver, pancreas, muscle, and brain, 
control metabolism, and body weight. Human cell 
lines can be used in in vitro cell culture proce-
dures, although replicating these systems' inter-
dependence is still challenging. Long-term in 
vitro culture is challenging due to scaling ratios, 
common medium, and organ-specifi c ECMs 
unique to multi-organ models [55]. Even though 
more complicated in vitro models are the focus of 
considerable research, animal models are essen-
tial for discovering obesogens and understand-
ing obesogenic pathways because they enable 
the investigation of organ cross-talk and system-
ic effects and, thus being crucial to comprehend 
the function of hormone interference and chronic 
inflammation [28].

The most used animal model for obesogen 
research is rats. Several obesogens, such as TBT, 
BPA, triphenyltin, DEHP, DES, MEHP, polycyclic 
aromatic hydrocarbons, DDT, and nicotine, have 
been discovered utilizing murine models [55]. 
Mice share many diseases with humans regard-
ing biology and anatomy [22]. Animal models can 
replicate complicated, inflammatory responses, 
making this especially helpful for disorders like 
obesity that have an inflammatory component. 
Furthermore, mice can be reared in controlled 
environments (such as with a high-fat/Western 
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diet) and have longer lifespans, which shortens 
the time required to conduct research [56]. They 
can also be genetically modifi ed. Rats, zebrafi sh, 
and Xenopus laevi are some other typical in vivo 
models used to assess obesogens. Numerous 
insights into putative obesogens and various 
mechanisms of action have been gained using in 
vivo models to research endocrine disruption [57]. 
However, it is critical to consider the disadvan-
tages of utilizing animal models. They sometimes 
replicate human physiology, as was previously 
mentioned [26]. Dose response may also apply 
differently to humans. It is also possible that the 
exposure window is odd. Mice treated to a spe-
cifi c quantity of one chemical over a few weeks 
may not accurately represent chronic variable 
exposure to several chemicals over many years 
in humans. In vitro research and epidemiological 
studies should be supplemented with data from 
animal models in order to make the most accu-
rate fi ndings about obesogens and their mecha-
nisms of action [80].

Influence of obesogens on epigenetic 
modifi cations
Epigenetic changes have garnered much atten-
tion recently among the numerous putative 
mechanisms governing gene expression in adi-
pose tissue. Epigenetics is the study of changes 
in gene function that occur without a correspond-
ing alteration in DNA sequence. Examples include 
the methylation of DNA, acetylation, methyla-
tion, phosphorylation, ubiquitination of histones, 
and interference with microRNA (miRNA) [59]. 
There is mounting evidence that early exposure 
to obesogens can alter the gene activity of tis-
sues, which is crucial for regulating metabolism 
in long-lasting ways. Among other things, chang-
es in DNA methylation, histone acetylation, and 
miRNA expression may be the root of these mod-
ifi cations [60]. 

The phthalate BBP has been demonstrated 
to generate histone changes that drive MSCs to 
differentiate into adipocytes at varying concen-
trations. These include decreased PPARγ meth-
ylation, increased H3K9 acetylation, increased 
expression of histone acetyltransferase and 
decreased expression of histone deacetylase, and 
decreased H3K9 dimethylation [83]. Lower PPARγ 
DNA methylation was seen in the offspring of 
pregnant mice exposed to PAH. In turn, exposure 

to BPA in various cells led to a reduction in his-
tone H3K9 trimethylation and an increase in the 
production of miR-146a; however, MSCs have not 
yet demonstrated this [62].

Impact of obesogens on the development 
of adipose tissue, metabolism and appetite 
control

Adipogenesis
These include decreased PPAR methylation, 
increased H3K9 acetylation, increased histone 
acetyltransferase expression, decreased histone 
deacetylase expression, and decreased H3K9 
dimethylation [65]. Lower PPAR DNA methyla-
tion was seen in the offspring of pregnant mice 
exposed to PAH. In turn, exposure to BPA in vari-
ous cells led to a reduction in histone H3K9 trim-
ethylation and an increase in the production of 
miR-146a; however, MSCs have not yet demon-
strated this [64].

For instance, PCBs can cause adipogenesis 
and encourage the storage of fatty acids to cre-
ate triglycerides by suppressing the production 
and function of leptin [87]. The results of in vitro 
research should be interpreted cautiously, how-
ever, as just one obesogen's influence was exam-
ined in one experiment, and there is a paucity of 
data on the effects of MSCs being exposed to 
multiple obesogens simultaneously. It is con-
ceivable that interactions among different obe-
sogens will have an additional impact on adipo-
cyte growth [64].

Numerous in vivo investigations in vertebrates 
and invertebrates and particular research in peo-
ple have shown that obesogens impact preadipo-
cyte differentiation. Compared to mice who were 
not exposed, pregnant mice exposed to TBT had 
a higher likelihood of producing offspring with 
greater fat tissue [67]. Animals in adolescence and 
early adulthood revealed similar results. In turn, 
PBDE exposure during pregnancy and the fi rst 
few years of life is connected to thyroid issues, an 
altered testosterone metabolism, and increased 
weight growth in both experimental animals and 
children. DEHP treatment of the mother or father 
Drosophila melanogaster caused the offspring's 
body weight to grow or decrease, respectively [68].

In mice, prenatal and neonatal exposure to 
diethylhexylphtalate increased the number of 
adipocytes, which in turn caused the offspring 
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and adult animals' body weight to increase [69]. 
In turn, higher body mass index (BMI) and waist 
circumference were found to be linked with higher 
urine quantities of phthalate metabolites in epide-
miological investigations. Prenatal DDT and DDE 
exposure increased the risk of human obesity in 
epidemiological studies, much like prenatal DDT 
exposure increased rodent adiposity in succeed-
ing generations [70]. However, the results of other 
animal and human studies regarding a potential 
link between exposure to BPA (and its analogs) 
and the development of obesity are inconclusive, 
and more research is required to clarify these 
fi ndings. Urinary BPA levels did, however, posi-
tively correlate with BMI and waist circumference 
in children and adults [71].

Adipose tissue metabolism
Cell culture tests have shown that several obeso-
gens not only preferentially differentiate MSCs into 
preadipocytes but also interfere with the metab-
olism of mature adipocytes, causing them to 
become dysfunctional. Triglyceride accumulation 
was enhanced in 3T3-L1 cells that underwent TBT 
differentiation, while GLUT4 expression was down-
regulated. The TBT-treated cells also have few-
er mitochondria, a slower rate of respiration, and 
reduced browning potential [72], being consistent 
with research showing that rats exposed to TBT 
during pregnancy have a greater propensity to form 
adipose tissue on a high-fat diet and a decreased 
ability to mobilize these depots after fasting [73].

TBT has been reported to alter the transcrip-
tion of essential genes governing lipid metabo-
lism and lipogenesis-related enzymes in the liver 
of exposed zebrafi sh (Danio rerio), indicating that 
it does not just have a lipogenic effect on mam-
mals. TBT also reduces the ability of Daphnia 
magna eggs to transfer triacylglycerols, which 
encourages their buildup in adult individuals 
and lowers both adult and offspring fi tness [94]. 
According to Pine [75], BPA analogs cause fat 
buildup in zebrafi sh larvae and late-onset weight 
gain in juvenile zebrafi sh.

Endocrine disruptors
EDCs are defi ned as "an exogenous agent that 
interferes with the production, release, transport, 
metabolism, binding, action, or elimination of nat-
ural hormones in the body that are necessary for 
maintaining homeostasis and regulating devel-

opmental processes [73]. It has been demonstrat-
ed that early-life exposure to EDCs increases the 
chance of developing several chronic diseases, 
including diabetes and obesity. When exposure 
occurs during crucial developmental windows, 
sensitivity to the obesogenic effects of EDCs is 
exceptionally high [76] due to specifi c character-
istics of the fetus and newborn, such as reduced 
expression of the cytochrome P450 enzymes that 
metabolize xenobiotic, that result in more tissue 
exposure than adults [77].

This ability also makes people more vulner-
able to environmental stressors like EDCs, which 
can change several systems over time and raise 
the chance of becoming obese later in life [78]. 
In fact, exposure to obesogens in infancy may 
alter physiological functions that are important 
regulators of body mass, such as energy metab-
olism, appetite regulation, and adipogenesis. 
Thus, a frugal phenotype results in a higher risk 
of weight gain [77].

Conclusion

Numerous studies have shown that exoge-
nous substances, including PPARs, affect gene 
expression, change hormone levels, and promote 
inflammation, all of which contribute to the rise 
in obesity rates. A deeper comprehension of obe-
sogenic pathways will lead to better preventative 
and therapeutic approaches and the discovery of 
more potential obesogens [77].

Practical screening techniques for identify-
ing and evaluating obesogen processes include 
in vitro models. They can help to pinpoint the 
changed molecular or gene expression path-
ways that result in altered adipocyte phenotype. 
Improvements to these models will aid in extrap-
olating in vitro to in vivo outcomes for humans. 
More comparisons to epidemiological research 
should be made to confi rm in vitro and in vivo 
animal models. The most complete understand-
ing of human obesogen exposures and effects is 
provided by epidemiological studies [79].

Implication and future direction

The implications and future directions of under-
standing the mechanisms of action of obesogens 
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have profound implications for public health, 
environmental science, and regulatory policies. 
One signifi cant implication of unraveling obeso-
gen mechanisms is the identifi cation of potential 
therapeutic targets for obesity-related diseas-
es. This knowledge opens doors for developing 
medications that counteract obesogenic effects, 
potentially providing novel treatment strategies 
for obesity and related metabolic disorders. Fur-
thermore, the signifi cance of early-life exposures 
is made clear by our understanding of obesogen 
processes. According to fi ndings from the review, 
prenatal and early postnatal exposure to obeso-
gens can have a long-lasting impact on a per-
son's propensity to become obese in later life. 
This information highlights the urgent need for 
public health initiatives, regulations, and infor-
mational campaigns that reduce exposure, par-
ticularly during delicate developmental phases. 
It is crucial to put regulatory controls in place to 
restrict the use of obesogens in food production 
and consumer goods. Additionally, it highlights 
the necessity of thorough testing and safety 
assessments of chemicals before their release 
onto the market. 

Future obesogen research should concen-
trate on discovering new obesogenic substances 
and comprehending their synergistic effects. It is 
also critical to investigate the long-term effects 
of obesogen exposure across generations. Stud-
ies that follow the health outcomes of people 
exposed to obesogens at various periods of life 
can shed important light on how obesogenic 
effects persist and intensify with time. Addition-
ally, interdisciplinary study is crucial for develop-
ing a comprehensive understanding of obeso-
gens. Toxicologists, endocrinologists, epidemi-
ologists, and decision-makers working together 
can hasten the pace of discovery and its conver-
sion into valuable applications. 
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ABSTRACT

Cytokines play a role in nearly all reproductive and pregnancy processes. These proteins are expressed in var-
ious body fluids and tissues related to reproduction. Interleukin-6 (IL-6) stands out as one of the best-char-
acterized members of the cytokine family. This protein has an immense and imperfectly understood impact 
on both normal and pathological aspects of human pregnancy. IL-6 exerts a wide range of effects on the 
immune system, and it plays crucial roles in regulating inflammation processes and homeostasis. Herein, 
we summarize current knowledge on IL-6 secretion during pathophysiological events of pregnancy: preterm 
birth, preeclampsia, fetal growth restriction and gestational diabetes mellitus. Cytokines, particularly inter-
leukin-6, play crucial roles in regulating pregnancy physiology. Maintaining IL-6 homeostasis is essential 
for the health of both the mother and fetus. IL-6 supports pregnancy by influencing uterine receptivity, tro-
phoblast function, and immune interactions at the feto–maternal interface. Disrupted IL-6 expression may 
contribute to various pregnancy complications. A deeper understanding of IL-6 regulation can help detect 
dysregulation and potentially optimizing pregnancy outcomes. Addressing knowledge gaps identifi ed in this 
review is vital for improving current practices and enhancing pregnancy outcomes.

Introduction

Cytokines are a huge group of proteins involved 
in almost all processes in the human body. Most, 

if not all, cells in the human body both produce 
and respond to cytokines of one sort or anoth-
er. Interleukin-6 (IL-6) is one of the most multi-
functional proteins of the cytokine family. Inter-
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leukin-6 is a glycoprotein which is produced by 
blood monocytes, activated T lymphocytes, tis-
sue macrophages and fi broblasts [1,2]. Cytokine 
pathways in pregnancy have been intensively 
investigated, with most studies examining the 
cytokines in maternal serum, cervicovaginal or 
amniotic fluid in women who present with pre-
term labor or had preterm prelabor rupture of 
membranes (PPROM) [3]. A newly released study 
showed that IL-6 values are higher in the amniot-
ic fluid than in maternal serum in healthy women 
and that they are independent of gestational age, 
maternal age, body mass index, ethnicity, smok-
ing status, parity, method of conception and deliv-
ery [4,5]. These data show that interleukin-6 may 
be a valuable diagnostic tool in pregnancy com-
plications because it is not related to maternal 
factors. It is well known that interleukin-6 plays 
an important role in several pregnancy complica-
tions such as preterm delivery, chorionamniotitis, 
preeclampsia and fetal growth restriction [6].

This article is an overview of current knowl-
edge and provides guidance on the further capa-
bilities of this protein in obstetrics.

Methodology

Herein, we summarize current knowledge on 
IL-6 secretion during pathophysiological events 
in pregnancy: preterm birth, preeclampsia, fetal 
growth restriction and gestational diabetes melli-
tus. This study was a narrative review of the Eng-
lish literature using PubMed database. We ana-
lyzed and drew conclusions from more than six-
ty scientifi c papers. The keywords that we used 
were “pregnancy”, “interleukin-6”, “inflammation”, 
“preterm labor”, “fetal growth restriction”, “preec-
lampsia”, “gestational diabetes mellitus”. The 
inclusion criteria were as follows: articles in the 
English language that were clinical studies. The 

excluded articles comprised studies written in 
languages other than English, case reports, and 
those in which the study design did not include 
statistics. Additionally, we explore the potential 
role of IL-6 in studies aimed at developing new 
strategies for diagnosing and treating pregnan-
cy-related disorders.

Preterm birth

Pregnancy occurs as a state of maternal-fe-
tal bidirectional immunological tolerance and 
requires adaptational changes in both the sys-
temic and local immune interface. Loss of this 
balance may manifest in the onset of preterm 
labor [1]. The onset of labor is a complex process 
that involves communication between the fetus 
and mother at the cellular and molecular levels. 
Preterm delivery is defi ned as labor between 22 
and 37 weeks of gestation; it is a major cause of 
neonatal morbidity and mortality worldwide [7,8] 
and affects approximately 10% of all pregnant 
women [6]. Preterm birth may begin spontane-
ously or be induced for medical reasons (iatro-
genic preterm labor) [9]. Spontaneous preterm 
birth can start with PPROM or occur with intact 
amniotic membranes (preterm labor, PTL) [10]. 
Another category of spontaneous preterm birth 
is idiopathic preterm birth, which is initiated with 
a breakdown of maternal-fetal tolerance and 
leads to maternal inflammatory response occur-
ring with an elevation in cytokine concentra-
tion [11]. Although the etiology of preterm labor 
is multifactorial, it has been proven that spon-
taneous preterm labor most often begins with 
an ascending infection of the genital tract and 
microbial invasion of the amniotic cavity and 
leads to maternal inflammatory response, which 
involves an elevation in cytokine concentrations 
[6,11–14]. Even in a healthy pregnancy, the fetus 

Table 1. The table shows the most common bacteria detected in amniotic fluid in women with healthy 
pregnancy, in women in preterm labor with intact membarnes and in women with preterm premature rup-
ture of the membranes [15–19].

Women in non-complicated 
pregnancies

Women in preterm labor 
with intact membranes

Women with preterm premature 
rupture of the membranes

Ureaplasma –
Mycoplasma –
Acinetobacter –

Fusobacterium –
Ureaplasma –
Mycoplasma –
Bacteroides –
Group B streptococci –

Ureaplasma –
Streptococcus –
Staphylococcus –
Mycoplasma –
Fusobacterium –
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does not develop in a sterile environment. It is 
well known that bacterial invasion of the uterus 
as a consequence of ascending infection from the 
lower urogenital tract of the mother may affect 
pregnancy and lead to miscarriage or preterm 
birth. Novel fi ndings describe bacteria whose 
presence does not cause fetal infection; they 
simply colonize the amniotic cavity and placen-
tal tissues [15–19]. The most common bacterial 
culprits detected in amniotic fluid, depending on 
the membrane status, are presented in the table 
(see Table 1). About one-third of patients in pre-
term labor develop intra-amniotic inflammation 
(IAI) which develops into two different pathways: 
increased levels of pro-inflammatory markers in 
amniotic fluid without microbial invasion (ster-
ile intra-amniotic inflammation) or inflamma-
tion with microbial invasion of the amniotic cav-
ity (intra-amniotic infection) [6,11]. This causes 
the activation of inflammatory reactions and the 
secretion of a range of cytokines. The severity 
of intra-amniotic inflammation is closely related 
to increased IL-6 concentration in amniotic fluid 
and to adverse pregnancy outcomes such as pre-
term delivery, lower gestational age at delivery, 
lower infant birth weights and lower Apgar scores 
at delivery, respiratory distress syndrome, con-
genital sepsis and perinatal deaths [6]. Patients 
with severe IAI have histologic chorioamnionitis 
more frequently [6]. Data highlight the ability to 
use cervicovaginal fluid samples instead of inva-
sively collecting amniotic fluid for the discov-
ery of protein biomarkers, including IL-6, for IAI 
or spontaneous preterm delivery in women with 
preterm labor [20]. 

Maternal plasma IL-6 level itself may predict 
intra-amniotic infections in patients with pre-
term labor, but it has worse diagnostic value than 
IL-6 concentrations in amniotic fluid – IL-6 has 
its cut-off value to expect occurrence of deliv-
ery within 48 hours [21]. It is worth mentioning, 
that the concentration of Interleukin-6 chang-
es in response to stress factors and it is asso-
ciated with various diseases. IL-6 is produced 
in response to stress, triggering host defense 
mechanisms. However, dysregulated IL-6 pro-
duction can lead to disease development. Exam-
ples include cardiac myxoma, rheumatoid arthri-
tis, Castleman’s disease, myeloma, autoimmune 
diseases, and cancers [22]. Therefore, it should 
be remembered that infectious factors are not 

the only contributors to the increase in the pro-
duction of interleukin-6.

Investigating the exact pathomechanism of 
preterm delivery is essential for the early identifi -
cation of patients at risk, which allows the imple-
mentation of proper therapy and preventing infant 
prematurity. In clinical practice, ultrasonographic 
measurement of cervical length, gynecologi-
cal examination and risk stratifi cation based on 
the patient's past medical history are common-
ly used. It has recently been demonstrated that 
in intrauterine infection, the secretion of pro-in-
flammatory cytokines in cervicovaginal fluid 
increases dramatically [10]. The prompt identifi -
cation of such patients may be useful in clinical 
practice because it makes it possible to propose 
appropriate medical intervention (both pharma-
cologic and nonpharmacologic), which allows the 
implementation of proper therapy and prevention 
of infant prematurity. These interventions include 
the use of tocolytic drugs, antibiotics, corticos-
teroids, magnesium sulfate and cervical cerclage. 
However, these medications are not inert and, 
when administered unnecessarily, can be poten-
tially harmful. Therefore, more diagnostic strate-
gies, particularly those which are non-invasive, 
are needed in order to identify these patients with 
truly high risk for preterm birth. There are many 
reports of a positive correlation of certain bio-
chemical markers with the occurrence of preterm 
labor, such as fetal fi bronectin, tumor necrosis 
factor α, matrix metalloproteinase-8, interleu-
kin-8, interlukin-10, interleukin- 17α, interleukin-
27 and interleukin-6 [8,20,23–26]. In this study, 
we aimed to assess current knowledge of inter-
leukin-6 as a biochemical marker of preterm 
delivery. To date, no single universal and clini-
cally useful tool has been identifi ed and put into 
practice to stratify risk for preterm delivery suc-
cessfully. 

Many studies have shown increased inter-
leukin-6 concentration in cervicovaginal fluid 
and in amniotic fluid in pregnancies which end-
ed in preterm delivery or were complicated with 
states prior to it, such as intrauterine inflamma-
tion and chorioamnionititis [6,20,26,27]. Data 
show that the presence of microbes together with 
increased concentrations of IL-6 in amniotic flu-
id are strongly associated with preterm delivery 
[11]. One of the most studied biochemical mark-
ers used to predict preterm birth is fetal fi bronec-
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tin (fFN). Normally, cervicovaginal fluid does not 
contain this protein from the 24th gestational 
week until near the delivery term. Hadži-Lega et 
al. evaluated the usefulness of measuring cer-
vicovaginal pro-inflammatory cytokine IL-6 and 
fetal fi bronectin (fFN) levels as predictors of pre-
term delivery in patients with symptoms of pre-
term labor. They hypothesized that adding cer-
vicovaginal IL-6 determinations as an additional 
marker to fFN will improve the positive predictive 
value of fFN testing for preterm birth. In this study, 
vaginal swabs for fetal fi bronectin (fFN) and CVF 
IL-6 were taken from 58 patients with symptoms 
suggestive of preterm labor. The results showed 
that combined fFN and CVF IL-6 tests resulted 
in an 86.7% risk of delivering prematurely if both 
tests were positive. This study proved that com-
bination of both tests performed better than the 
individual fFN tests and decreased the false posi-
tive rate, which in turn reduced the chances for 
inappropriate patient treatment [28].

An interesting hypothesis is that the interleu-
kin-6 level peak in amniotic fluid precedes the 
rupture of the fetal membranes [2,29]. Lee et al. 
investigated the presence and activation of inter-
leukin-6 in amniotic fluid and reproductive tis-
sues of pregnancies complicated by intrauterine 
inflammation and preterm birth. They studied 
301 women during the second and third trimes-
ters and preterm labor with intact membranes or 
with preterm premature rupture of membranes. 
Their research confi rmed that interleukin-6 is 
a regular component of amniotic fluid in preg-
nancies with normal outcomes and absent infec-
tion and is expressed in fetal membrane and 
placental tissues. They hypothesized that inter-
leukin-6 has a dual role, acting as both a pro-in-
flammatory and anti-inflammatory agent. The 
anti-inflammatory function involves reducing 
the expression of pro-inflammatory cytokines 
(i.e., TNF-α, interferon-γ) and inducing antago-
nists for certain receptors. These actions affect 
various biological processes in the placenta and 
amnion, potentially impacting fetal development. 
However, they found that patients with intra-am-
niotic inflammation but intact fetal membranes 
had higher IL-6 levels than women with PPROM 
and intra-amniotic infection [29]. Holmström et 
al. made similar observations in their study. They 
evaluated the correlations of cervical and amniot-
ic fluid matrix metalloproteinase-8 (MMP-8) and 

IL-6 concentrations and investigated whether the 
levels of these amniotic inflammatory biomark-
ers could be assessed with noninvasive cervical 
swab samples. They observed a trend in which 
women with microbial invasion of the amniot-
ic cavity (MIAC) and intact membranes showed 
higher median concentrations of amniotic fluid 
IL-6 than women with MIAC and PPROM. Unfor-
tunately, a statistical difference was not reached, 
perhaps due to the small sample size. Neverthe-
less, this outcome may reflect a possible pro-
gression in the IAI sequence: the initial IL-6 peak 
in amniotic fluid followed by PPROM [2].Marcellin 
et al. investigated a group of women with sponta-
neous delivery before 37 weeks of gestation and 
compared them with women who gave birth at 
or after 39 weeks. They used only amniotic flu-
id without stigmata of infection. Their research 
revealed that amniotic fluid levels of interleukin-6 
did not differ between these two groups [30].

Together, these data support the argument 
that IL-6 is instrumental in regulating the tim-
ing of delivery in normal gestation and in infec-
tion-induced preterm birth. Measurement of 
amniotic fluid IL-6 has potential relevance as 
a biomarker to stratify the risk of preterm birth 
in patients with preterm labor. There is a need 
to assess the potential role of AF (amniotic fluid) 
IL-6 in the management of these women. Further 
prospective studies are required to determine 
whether the cut-off value of IL-6 concentration in 
cervical secretions and in amniotic fluid is opti-
mal in larger populations in preterm labor. In con-
clusion, the occurrence of increased IL-6 concen-
tration in cervical secretions and in amniotic fluid 
is associated with higher risk of infection of the 
amniotic cavity, leading to preterm delivery.

Hypertension and preeclampsia

Hypertension is the most common medical 
problem encountered during pregnancy, caus-
ing complications in 5–10% of pregnancies [31]. 
Hypertensive disorders complicating pregnancy 
(HDP) are classifi ed into four categories: chronic 
hypertension, preeclampsia–eclampsia, preec-
lampsia superimposed on chronic hypertension 
and gestational hypertension. Preeclampsia 
(PrE) is a multifactorial heterogeneous disorder 
unique to pregnancy, with a frequency ranging 
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from 2 to 8% worldwide [32]. Preeclampsia can 
lead to a number of adverse maternal and perina-
tal effects, including the death of both the moth-
er and the fetus/infant. Preeclampsia is defi ned 
as maternal hypertension associated with pro-
teinuria after 20 weeks of gestation. However, 
preeclampsia can also manifest in the absence 
of proteinuria with some additional diagnos-
tic criteria such as thrombocytopenia, impaired 
hepatic function, epigastric pain, renal insuffi -
ciency and pulmonary edema. It causes signifi -
cant maternal and perinatal morbidity and mor-
tality [32]. The exact etiology of preeclampsia 
has not been elucidated completely; however, 
the systematical immunoactivation and down-
regulation of the immunoregulatory system seem 
to be the core of preeclampsia development. 
Patients with preeclampsia are characterized by 
chronic inflammation and enhanced production 
of autoantibodies. It is postulated that during 
preeclampsia, placental ischemia occurs due to 
insuffi cient trophoblast invasion [33]. Data show 
that placentas from preeclamptic women exhibit 
vascular abnormalities and increased inflam-
matory markers compared to healthy patients, 
confi rming a potential link between inflammation 
and this disease [34]. This is associated with an 
immune imbalance, characterized by an increase 
in pro-inflammatory CD4+ T cells and a decrease 
in T regulatory cells [35]. This state leads to 
chronic inflammation marked by oxidative stress 
and increased levels of pro-inflammatory cytok-
ines and autoantibodies. Evidence suggests that 
the placenta plays a crucial role in preeclampsia, 
although the specifi c pathomechanisms alter-
ing placental function are not fully understood. 
Endothelial cells and circulating neutrophils are 
major components of the systemic response to 
inflammation in the vascular system. Preeclamp-
sia is additionally marked by the activation and 
dysfunction of endothelial cells [35]. High levels 
of maternal plasma IL-6 may cause damage to 
vascular endothelial cells and lead to increased 
blood pressure. The inflammatory component 
of preeclampsia is characterized by elevated 
cytokine levels and activated leucocytes as well 
as stimulation of the angiotensin II type 1 recep-
tor, leading to vasoconstriction. Levels of pro-in-
flammatory cytokines such as tumor necrosis 
factor (TNF)-alpha, interleukin-6 and interleu-
kin-8 are elevated, while anti-inflammatory fac-

tor levels such as interleukin-10 are decreased in 
a state of preeclampsia [36,37].

The data suggest that levels of interleukin-6 
are higher in patients with preeclampsia and 
increases with the progression of its severity 
[37–42]. M. Tosun et al. observed that there were 
higher levels of inflammatory cytokines (specifi -
cally IL-6, IL-8 and TNF-α) in both maternal and 
umbilical cord samples from women with preec-
lampsia when compared to healthy pregnant 
women. Additionally, the study revealed that ele-
vated levels of maternal serum IL-8 and TNF-α 
were associated with the severity of preeclamp-
sia [37]. Preeclampsia may occur before the 34th 
week of gestation – classifi ed as early-onset 
preeclampsia – or after the 34th week – classifi ed 
as late-onset PE. Maternal blood concentrations 
of IL-6 were found to be higher in late-onset PE 
than in healthy pregnancy or early-onset preec-
lampsia [43]. In contrast, M.I. Lumbreras-Mar-
quez et al. compared the levels of interleukin-6 in 
maternal venous samples and umbilical venous 
samples of patients with preeclampsia versus 
normotensive controls and they did not fi nd a sig-
nifi cant difference [40]. 

Nzelu et al. examined the differences between 
the serum level of inflammatory mediators in 
women with chronic hypertension who developed 
superimposed preeclampsia compared to those 
who did not and normotensive controls. They 
measured IL-6, TNF-alfa, vascular cell adhesion 
molecule (VCAM) and endothelin levels at 11+0 
to 13+6 weeks of gestation [44]. In their study, 
there were no signifi cant differences in the levels 
of IL-6 between women in the fi rst trimester with 
chronic hypertension and normotensive controls. 
In the group of women with chronic hyperten-
sion who later developed superimposed preec-
lampsia, compared with those who did not, there 
were no signifi cant differences in the levels of 
IL-6. Among the women with chronic hyperten-
sion who developed superimposed preeclampsia, 
those who delivered before 37 weeks and those 
who delivered at term had also similar levels of 
IL-6. This research shows that further studies 
evaluating fi rst-trimester serum cytokines are 
required to fi nd an effective diagnostic tool for the 
early detection of women at high risk for develop-
ing preeclampsia.

Ayse Ekin Kara et al. investigated serum levels 
of interleukin-6, high-sensitivity C-Reactive Pro-
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tein (hs-CRP) and sialic acid (SA) in pregnancies 
complicated with preeclampsia and compared 
them with healthy pregnancies. No signifi cant 
differences between these groups were observed 
in this study [45].

Early atherosclerosis-like lesions have been 
observed in the spiral arteries of pregnancies 
complicated by preeclampsia [41]. The inflam-
matory cascade involving inflammatory media-
tors such as interleukin-6 is implicated in the 
development of endothelial dysfunction and ath-
erosclerosis outside of pregnancy [37]. It is sug-
gested that in preeclampsia, an increase in these 
inflammatory mediators contributes to the forma-
tion of similar lesions within the fetal–placental 
circulation, and this systemic effect results in the 
clinical symptoms of the disease [46]. However, it 
has not yet been defi nitively established wheth-
er this inflammatory process precedes placen-
tal impairment or if it occurs as a consequence 
of it—further research on this topic is required 
to clarify it. M.L. Martinez-Fierro et al. examined 
the profi le of 34 proteins in plasma and urine in 
women at 12, 16 and 20 gestational weeks. They 
compared patients who developed preeclampsia 
to normotensive women. They found that urine 
levels of interleukin-6 in women at 12 weeks of 
gestation demonstrated a predictive value for 
the development of preeclampsia, indicating an 
increased risk of preeclampsia within the study 
population. The ROC analysis of the signifi cant 
markers showed that the PPV for the IL-urine lev-
els was 0.71 with the NPV 0.81. The specifi city of 
the IL-urine levels was 0.937 with the sensitivity 
0.583 [47]. Aggarwal et al. found that the expres-
sion of interleukin-6 in placental tissues and in 
maternal serum was increased in women who 
developed preeclampsia as compared to healthy 
pregnant patients [36]. Their data showed also 
that preeclamptic placental tissues and maternal 
serum interleukin-6 levels correlated positively 
with tumor necrosis factor-alfa levels and nega-
tively with interleukin-4 and interleukin-10 lev-
els. These fi ndings confi rmed that these cytok-
ines exhibit mutual correlations in both the pla-
centa and serum of mothers with preeclampsia 
throughout pregnancy. 

In conclusion, the exact etiology of preec-
lampsia has not been elucidated completely. 
Inflammatory factors defi nitely play a crucial role 
in the processes leading to the development of 

preeclampsia. The progression of preeclamp-
sia is closely related to mother and fetal health. 
It is necessary to predict the risk of develop-
ing preeclampsia in healthy women and rate the 
severity of preeclampsia to assess the benefi ts 
and risks of continuing the pregnancy. Further 
studies identifying the role of interleukin-6 in the 
development of hypertension during pregnancy 
are critical to improve decisions affecting patient 
care in women with preeclampsia. These studies 
are crucial for enhancing decision making in the 
healthcare of women dealing with preeclampsia. 
The outcomes of such investigations will signifi -
cantly benefi t our understanding of the physi-
ological consequences linked to preeclampsia 
and advance the development of therapeutic 
approaches for this condition.

Fetal growth restriction

Fetal growth restriction (FGR), also known as 
intrauterine growth restriction (IUGR), is a medi-
cal condition that occurs during pregnancy when 
a developing fetus does not reach its genetic and 
biologic growth potential and is a consequence 
of several causes. It is typically defi ned as a fetus 
that is smaller in size than expected for its ges-
tational age, often indicated by a measurement 
below the third percentile on growth charts or 
below the tenth percentile with evidence of utero-
placental dysfunction. Fetal growth restriction is 
associated with signs of abnormal fetoplacental 
function and poorer perinatal outcome in contrast 
to constitutional small-for-gestational age char-
acterized by a near-normal perinatal outcome. 
Fetal growth restriction increases the risk of fetal 
morbidity and mortality and it is linked to peri-
natal complications such as prematurity, cere-
bral palsy and intrauterine fetal death, and also to 
adult diseases such as obesity, hypertension and 
type 2 diabetes. Two commonly recognized phe-
notypes of suspected FGR are early and late, typ-
ically distinguished by the timing of diagnosis—
early being diagnosed before 32 weeks of ges-
tation, and late after 32 weeks of gestation [48]. 
Categorizing FGR into early- and late-onset helps 
distinguish the two phenotypes based on differ-
ences in severity, their association with preec-
lampsia, and the progression of fetal deterioration 
over time. Early-onset FGR represents 20–30% of 
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all FGR and it presents an association with early 
preeclampsia in up to 50% [49]. Early-onset FGR 
is closely linked to severe placental insuffi cien-
cy and chronic fetal hypoxia. In early-onset FGR, 
placental insuffi ciency is linked to signs of abnor-
mal early implantation [48]. However, it remains 
unclear whether late FGR results from a mild form 
of abnormal placental implantation during ear-
ly pregnancy or if it involves placental damage 
occurring in the second half of pregnancy. Fetal 
growth restriction occurs when the fetus receives 
inadequate nutrients and oxygen due to maternal 
vascular malperfusion and/or ineffi cient extrac-
tion of substrates by the placenta. FGR is a mul-
tifactorial disorder and it is often the result of one 
or more maternal, placental and fetal causes that 
interfere with the normal mechanisms regulating 
fetal growth. The pathogenesis of fetal growth 
restriction involves many causal pathways, such 
as placental insuffi ciency and maternal condi-
tions (chronic illnesses, anemia, undernutrition, 
smoking, drug use disorder, poor weight gain), 
as well as fetal issues, including chromosom-
al abnormalities, malformations and congenital 
infections. Placental failure limits the transfer of 
nutrients from the mother to the fetus. In these 
cases, FGR can be viewed as a model of chronic 
fetal hypoxia, which results in hypoxic–ischemic 
tissue injury with inflammatory features, includ-
ing the production of pro-inflammatory cytokines 
and acute-phase proteins [50]. Consequently, 
FGR caused by placental insuffi ciency is marked 
by an amplifi ed inflammatory response. How-
ever, the relationship between pro-inflammatory 
markers and FGR requires further investigation. 
It is essential to identify the biomarkers of FGR 
for better diagnosis and early identifi cation of 
patients at risk for this condition. Several studies 
have shown that numerous cytokines and inflam-
matory markers are responsible for endothelial 
damage leading to placental dysfunction and, as 
a result, fetal growth restriction, but the results 
are conflicting and no consensus has yet been 
reached on which markers may be better predic-
tors in this condition. 

In the literature, there are few studies inves-
tigating the relationship between these patholo-
gies and IL-6 levels, which is a marker of cellular 
immune response. Ayse Ekin Kara et al. investi-
gated serum levels of interleukin-6, high-sen-
sitivity C-Reactive Protein (hs-CRP) and sialic 

acid (SA) in pregnancies complicated with FGR 
and compared them with healthy pregnancies. 
No signifi cant differences between these groups 
were observed in this study [45]. Yue et al. stud-
ied the correlation between several blood bio-
markers measured at delivery and shortly after 
birth and development of fetal growth restriction. 
They found that FGR was associated with sig-
nifi cantly higher levels of interleukin-6 measured 
in cord blood [51]. U. Lausten-Thomsen et al. 
investigated the levels of inflammatory markers 
in umbilical cord blood from neonates who were 
born small for gestational age (SGA) and compar-
ing them to neonates who were born appropriate 
for gestational age (AGA). They found a signifi -
cant elevation in interleukin-6 levels in the SGA 
group compared to the AGA group [50]. Alfi an I. 
et al. investigated inflammasome gene expres-
sion profi les characterized by real-time PCR on 
human placental tissues collected from third-tri-
mester fetal growth restriction and control preg-
nancies. They found that placental mRNA expres-
sion of interleukin-6 was doubled in FGR com-
pared with healthy pregnancies [52]. M. Al-Azemi 
et al. measured cytokine production using mater-
nal peripheral blood lymphocytes from women 
with fetal growth restriction and from healthy 
pregnant women. They found that IL-6 levels 
were increased in FGR pregnancies with placen-
tal insuffi ciency and that IL-6 acts as a potential 
marker of the inflammatory process [53]. 

Studies show that the increase in pro-inflam-
matory cytokines and activation of the compo-
nents of the inflammasome cascade is consis-
tently reported in pregnancies associated with 
placental inflammation leading to fetal growth 
restriction. Interleukins may be involved in a com-
mon pathway contributing to the development of 
growth restriction, though more research is need-
ed to determine the extent to which IL-6 contrib-
utes to disease progression. Taken together, the 
upregulation of IL-6 may be associated with the 
pathogenesis of placental dysfunction in FGR 
pregnancies. 

Gestational diabetes mellitus

Gestational diabetes mellitus (GDM) is a meta-
bolic disorder characterized by glucose intoler-
ance fi rst identifi ed during pregnancy, marked 
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by hyperglycemia and insulin resistance. It com-
monly occurs in the second trimester of preg-
nancy. Its global prevalence, currently estimated 
at 7% to 10%, is challenging to ascertain due to 
variations in screening and diagnostic criteria 
[54]. GDM increases the risk of adverse health 
outcomes for both the mother and child, mani-
festing during and after pregnancy. Substantial 
evidence indicates that pregnancies affected by 
GDM face an elevated likelihood of cesarean sec-
tion, preeclampsia, macrosomia and neonatal 
hypoglycemia. Additionally, GDM has been asso-
ciated with an increased long-term risk of met-
abolic complications, including type 2 diabetes 
mellitus (T2DM), obesity and cardiovascular dis-
eases for both the mother and child [54]. We can 
divide gestational diabetes risk factors into mod-
ifi able and non-modifi able ones. Non-modifi able 
risk factors for predisposition to GDM include 
advanced maternal age; ethnicity; experience of 
previous adverse pregnancy outcomes, such as 
congenital abnormalities, miscarriages and still-
born births; macrosomic deliveries; displaying 
persistent glycosuria and proteinuria; and history 
of GDM in previous pregnancies [54]. Obesity is 
a major modifi able risk factor in gestational dia-
betes mellitus [55]. With the incidence of obesity 
worldwide reaching epidemic levels, the number 
of pregnant women diagnosed as having gesta-
tional diabetes mellitus is still growing. Through-
out pregnancy, there is a notable alteration in 
metabolic state that signifi cantly influences insu-
lin action and sensitivity. This impact becomes 
more pronounced in the latter half of pregnancy, 
due to insulin resistance and the ensuing devel-
opment of hyperglycemia. While the etiology of 
GDM is not entirely understood, it is well known 
that GDM is a temporary form of glucose intoler-
ance caused by insulin resistance and pancre-
atic β-cell malfunction during pregnancy. The 
increase in insulin resistance is attributed to 
increased maternal adiposity and placental hor-
mones [56,57]. Numerous studies have concen-
trated on exploring potential mediators of insulin 
resistance, including adipokines, such as leptin, 
tumor necrosis factor-α (TNF-α) and interleu-
kin-6 (IL-6), derived from adipose tissue and the 
placenta [58,59]. Zhang, Jie et al. investigated the 
levels of serum and placental tissue biomarkers 
from 140 women with GDM and 140 women with 
healthy pregnancies. They found that serum IL-6 

levels were signifi cantly associated with GDM. By 
detecting the metabolic indexes, they also found 
that the inflammatory biomarkers in placental tis-
sues, including IL-6, had signifi cantly higher lev-
els between GDM and healthy pregnancies [60]. 
This observation indicated that the placentas of 
women with GDM were exposed to an inflamma-
tory environment, and the heightened levels of 
inflammatory mediators could potentially trigger 
intraplacental inflammatory cascades through 
specifi c gene transcription or translation. More-
over, adipose tissue contributed to this by gen-
erating numerous adipokines, further fostering 
the production of inflammatory cytokines and 
thereby exacerbating the GDM condition. Fran-
cis EC, Li M, Hinkle SN et al. prospectively inves-
tigated the association of a panel of adipokines 
in early- and mid-term pregnancy with GDM risk. 
They measured a panel of 10 adipokines, includ-
ing interleukin-6, in plasma among 107 GDM 
patients and 214 healthy controls. They found 
that at 10–14 weeks of gestation, IL-6 levels were 
generally positively related to subsequent fast-
ing glucose metabolism markers. They observed 
that higher IL-6 concentrations throughout preg-
nancy were consistently higher among women 
who developed GDM compared with controls [61]. 
Zhao, Xiaolei et al. measured circulating inflam-
matory cytokines in 102 pregnant patients in 24 
to 28 weeks of gestation. They calculated corre-
lation coeffi cients between inflammatory cytok-
ines and BMI, HbA1c, insulin or 1hGCT. Their 
fi ndings indicate a substantial upregulation in 
the circulating levels of hs-CRP, IL-6, and IL-18 
among pregnant women with GDM or glucose 
intolerance. In this study, elevated inflammato-
ry cytokines were associated with an increased 
risk of GDM between 24 and 28 weeks of gesta-
tion. They also found that BMI was signifi cantly 
and positively correlated with hs-CRP, IL-6 and 
IL-18; these cytokines are also positively corre-
lated with the upregulation of HbA1c, insulin and 
1hGCT [62]. These fi ndings suggest that hs-CRP 
and IL-6 may serve as potential serum markers 
for the early screening of glucose intolerance in 
pregnancy. Siddiqui, Samreen et al. analyzed the 
association of inflammatory mediators like IL-6 
and CRP with the development of GDM in Indian 
females. Their study included 53 patients with 
GDM and 50 pregnant women with Normal Glu-
cose Tolerance (NGT) between 24 and 31 weeks 
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of gestation. They found that serum IL-6 lev-
els were signifi cantly higher in GDM patients as 
compared to control patients. Serum IL-6 levels 
in their study population were strongly correlat-
ed with pre-pregnancy BMI. IL-6 levels correlat-
ed also with fasting blood sugar (FBS) and post-
prandial sugar (PPBS) [63]. Other studies support 
the hypothesis that an elevated level of IL-6 may 
be implicated in the pathogenesis of GDM and 
their evaluation should be part of prenatal care 
routines [64–66].

Inflammation has now been recognized as 
one of the key mechanisms that can disrupt insu-
lin signaling and cause gestational diabetes. 
Interleukin-6 could be implicated in the patho-
genesis of GDM and used as a potential biomark-
er for assessing GDM risk. Additional longitudinal 
studies with large sample sizes are needed for 
a further evaluation of these fi ndings.

Conclusions

Cytokines are ubiquitous proteins with multidi-
rectional regulatory functions. Several lines of 
evidence suggest that homeostasis of IL-6 must 
be maintained to ensure the health of the mother 
and fetus. According to the reviewed literature, 
interleukin-6 clearly plays multiple functional 
roles in pregnancy physiology and disturbances. 
It appears to play roles in supporting pregnan-
cy establishment and maintenance by facilitat-
ing uterine receptivity, trophoblast function dur-
ing implantation and parturition. It also contrib-
utes to immune interactions at the feto-maternal 
interface and other ongoing processes. The evi-
dence presented in our review suggests that dis-
rupted expression of IL-6, either at the feto-ma-
ternal interface or systemically, may contribute to 
the development of various pregnancy complica-
tions. With a deeper understanding of the regula-
tion of IL-6, as well as its effects on various cell 
types, we can better detect dysregulation of the 
levels of this protein and associated immunopa-
thology during gestation. We may then modulate 
IL-6 signaling in the uterus to optimize outcomes 
of pregnancy. Consequently, targeting the IL-6 
pathways could potentially modify certain preg-
nancy outcomes and prevent or alleviate asso-
ciated issues. Addressing the knowledge gaps 
identifi ed in this review could contribute to opti-

mizing current practices and improving pregnan-
cy outcomes.
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ABSTRACT

Mirror therapy aims to restore the function of a disabled body part by using the function of mirror neurons in 
the brain and mimicking the physiological activity of a healthy body part. Mirror neurons were fi rst discov-
ered in monkeys and later found to exist in humans. The working pattern of "mirror" in the brain is always the 
same. If one limb moves, the correct part of the brain activates and triggers the mirror neurons responsible 
for stimulating the other limbs. The therapy uses a box with a mirror on one side to hide the impaired limb.. 
When a healthy limb moves, the mirror reflects it. The brain perceives it as a movement of an ineffi cient limb, 
even though it is only an illusion. It drives the recruitment of neural joints and reconstructs neural pathways. 
The utilisation of mirror neurons holds signifi cant value in various therapeutic approaches, including reha-
bilitation, mirror therapy (MT), and observational action therapy (AOT). Moreover, these therapeutic meth-
ods have evolved to include virtual reality (VR) based treatments. A signifi cant effect of this treatment was 
present in phantom limb pain (PLP) and post-stroke syndromes, such as motor aphasia and hemiparesis of 
the lower or upper limb. There are reports on the use of MT in some mental diseases or in autistic people 
in learning emotions. This review outlines the current possibilities and hopes for therapies based on mirror 
neuron functions based on selected cases.

Introduction

Mirror therapy (MT) is a treatment based on the 
function of mirror neurons in the brain. It helps 
in the treatment of e.g. phantom limb pain (PLP), 

complex regional pain syndrome (CRPS) or 
post-stroke hemiparesis. It creates an illusion of 
a painless and effi cient limb in the place of the 
disabled one [1]. 
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Action Observation Therapy (AOT) uses a sim-
ilar mechanism and employs video fi lms of physi-
ological movements and the patient’s imitation 
of them as the stimulation of mirror neurons [2]. 
The newest technological discovery, virtual real-
ity (VR), is promising [3].

A signifi cant improvement was observed in 
several disorders caused by cerebral infarction, 
e.g. the motor function of the upper extremities, 
walking ability, and apraxia of speech [4–6]. On 
the other hand, MT conducted in the fi rst four 
weeks after the stroke provided no favourable 
results compared to standard protocols [7].

Moreover, MT provided signifi cant recovery 
of motor function in the treatment of Complex 
Regional Pain Syndrome (CRPS), which occurs 
after a stroke [8]. It is also helpful in improving 
proprioception – the patient’s sense of body posi-
tion and self-movement, which may be impaired 
after a fracture of the distal radius [9]. MT proved 
to be valuable in motor dysfunctions, includ-
ing knee osteoarthritis, Bell’s palsy and multiple 
sclerosis (MS) [10–12].

Both analgesic and functional treatment of 
phantom pain in patients after amputation are 
promising applications of MT [13, 14]. Although 
it seems unable to change muscle elasticity in 
patients with mutilating injuries [15], its positive 
influence on pain management remains signifi -
cant [14]. When compared to traditional methods 
such as routine physiotherapy, it provides signifi -
cantly better pain management results [16], espe-
cially if combined with other treatment methods 
[17–19].

The review summarises the clinical applica-
tions and effi cacy of MT and AOT. This work is 
a review summarizing the achievements of the 
last fi ve years based on scientifi c publications.

Mirror neurons and their function

Mirror neurons are unique nerve cells activated 
by action and observation [20]. Italian scientists 
discovered them in the 1990s. Rizzolatti et al. 
noticed that the same part of the monkey’s brain 
is activated when they perform and observe cer-
tain activities. Consequently, scientists proved 
that the same pattern also occurs in the human 
brain [21]. However, the mirror function has been 
proved only for four human brain parts [22]. Those 

parts are the premotor area, the extra motor area, 
the primary somatosensory cortex, and the lower 
parietal cortex. Holz et al. observed the activa-
tion of these parts of the brain on the EEG [23]. 
By comparing the functions of mirror neurons 
and the parts of the brain that behave like them, 
we can predict situations where mirror neurons 
will fi re. Researchers studying the human brain 
mirror neuron function establish that while mir-
ror neuron brain regions may contribute to action 
identifi cation, identifying intention requires addi-
tional recruitment of mentalising brain regions 
[24]. In his work, Sotaro Shimada points out that 
the key to understanding how we can understand 
others is not the mirror neuron system's behav-
iour but rather the multisensory and sensorimo-
tor integration of our own and others' bodies [25]. 
Sadeghi et al. demonstrate that although the 
human mirror neuron system (MNS) can be con-
sidered the neural basis of social cognition, it still 
requires further research. n their work, they note 
that, for example, to imitate, there is a senso-
ry-motor loop for matching external and internal 
sensory and motor states, allowing the matching 
of facial movements to the observed emotions of 
interaction partners [26]. Ramezankhani et al., in 
a study analyzing the comparison of executive 
brain and mirror neuron training strategies for 
frontal lobe function in boys with behavioural dis-
orders, noted that learning mirror neuron strate-
gies had a positive and signifi cant impact on the 
function of the frontal lobe and its components 
[27]. Research on mirror neurons is conducted 
in many applications, including pilot training for 
the "pull-up" reaction. In their work, Fabre et al. 
investigated whether alarms based on a mirror 
neuron system can benefi t flight safety, partic-
ularly in high stress [28]. Research into under-
standing the processes occurring in the areas of 
mirror neurons and their use in treatment is still 
developing [24].

A technique that has arisen from this data is 
known as mirror therapy or mirror visual feed-
back (MVF). The fi rst documented use of mag-
netic therapy (MT) was for phantom limb pain 
(PLP) [29]. MT was based on using a box with 
a mirror on one side. First, the patient with a dis-
abled hand placed their hand in the box. Then, 
the patient was instructed to place their healthy 
hand next to the mirror and look into it. Interest-
ingly, this treatment can create an illusion that 
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the hidden, painful limb heals. Another disorder 
in which MT is helpful is restoring motor skills 
in post-stroke hemiparesis [30]. The patient 
observes the limb functioning in the mirror and 
receives the appropriate visual stimulus. It helps 
to recruit the premotor cortex during post-stroke 
rehabilitation. However, Deconinck et al. discov-
ered that the mechanism of resurrecting a paretic 
limb differs from that in relieving phantom pain 
[31]. Moreover, research on mirror neurons' role in 
neuroplasticity is ongoing. The main focus is on 
motor skills. After MVF, the motor improvement in 
the paretic limb was due to the plastic change in 
the primary motor cortex (MI) [32].

Mirror therapy in phantom 
limb pain (PLP)

Phantom limb pain (PLP) is a type of neuropath-
ic pain that affects the territory of an amputat-
ed limb or other surgically removed body parts 
[33]. Depending on the severity, it can range 
from a weak, unpleasant sensation to a remark-
able pain limiting the quality of life. PLP impedes 
patient rehabilitation, mental health, and quality 
of life [34]. However, its prevalence needs to be 
clarifi ed. It is estimated that PLP of any severity 
concerns from 49% up to 83% of post-amputation 
patients [35, 36]. A widely accepted hypothesis 
considers PLP to be the consequence of post-
amputation cortical reorganisation [37]. Residual 
limb pain also called stump pain, occurs in the 
place of extremity amputation, and often, patients 
confuse it with PLP [33,35]. Amputees often 
describe phantom limb pain episodes as causing 
tingling, throbbing, electric shock, stabbing, and 
painful immobility sensations [38]. Treatments 
for phantom limb pain include pharmacotherapy, 
physical therapy, nerve blocks, neuromodulation 
and surgery, as well as mirror therapy [34,37–39].

The effi cacy of MT in PLP treatment is widely 
discussed and researched. Since PLP is a sub-
jective experience, various assessment tools are 
utilised to evaluate it. These tools include scales 
that describe a patient's ability to perform daily 
activities [40], motor disability and pain score, 
and the visual analogue scale (VAS), which is one 
of the most commonly used methods [17,41–43]. 
MT decreases PLP over time and can provide 
the fi rst favourable results after one week of the 

treatment [36]. A 4-week-long course of MT is 
suffi cient to provide signifi cant results. It leads 
to over 50% reduction in VAS [17]. What is more, 
the after-treatment observation shows that the 
results remain signifi cant for several months 
[17,39,44,45].

MT can be effi cient enough when combined 
with pharmacological treatment [44]. Simultane-
ously, it can enhance its effectiveness by incor-
porating supplementary treatment techniques 
such as transcutaneous electrical nerve stimula-
tion (TENS) [17]. Both methods are effective, but 
neither is signifi cantly better than the other in 
VAS and universal pain score (UPS) [41].

One of the promising aspects of MT in PLP 
is the possibility of reducing medication intake, 
which could also lower treatment costs, making 
it more feasible for patients. While MT proved to 
be more effective than pharmacological treat-
ment alone [46], other studies question whether 
it can help signifi cantly reduce drug intake since 
patients undergoing MT might require even high-
er doses of analgesics than non-MT patients. 
Therefore, it is currently undefi ned if it allows 
analgesic dose reduction [47]. It was, however, 
found that MT can help increase shoulder girdle 
muscle control. Moreover, it signifi cantly reduces 
disability of patients rated by DASH score [48].

Although promising, MT can be ineffective or 
cause adverse effects. Some patients report exac-
erbated PLP or other effects, such as boredom 
caused by therapeutic methods, cramps or feel-
ing depressed due to the increase of the missing 
limb awareness [46]. Traditional MT might also be 
less effi cient than the modifi ed versions, such as 
the illusory touch method. It exploits stroking the 
patient’s healthy limb instead of providing them 
with illusory movement exercises [49].

MT is effective in 87% of patients, providing 
the best results in two periods of treatment – 
one during the fi rst seven sessions and the oth-
er from the 14th session onward. Pain intensity 
influences the time necessary to obtain satis-
factory results. There is a tendency for patients 
with more severe PLP to require more extended 
treatment in case of VAS > 21mm, reaching over 
21 sessions [42].

Timms and Carus [50], in 2015, conducted 
a systematic review of original research spe-
cifi cally examining the use of mirror therapy in 
patient populations experiencing PLP following 
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unilateral limb amputation. Their research showed 
that mirror therapy is a promising intervention for 
PLP. In their conclusions, they noted that regular 
mirror therapy sessions were required to maintain 
the effects of the treatment. In turn, Guemann 
et al. conclusively showed in a 2022 systematic 
review that MT does not reduce PLP and disabil-
ity in amputees. They emphasized that a critical 
issue in this type of research is a large number 
of patients and high methodological quality [34]. 
However, Campo-Pietro and Rodríguez-Fuentes 
[37], in their review, highlighted that MT appears 
to be effective in relieving PLP by reducing the 
intensity and duration of daily pain episodes. 
According to this group of researchers, MT is 
a practical, simple and inexpensive method of 
treating PLP. They also noted that the method-
ological quality of most publications in this fi eld 
is very limited, highlighting the need for addition-
al high-quality research to develop clinical proto-
cols that could maximize the benefi ts of MT for 
patients with PLP.

In the case of PLP, MT achieves almost 87% 
effectiveness [42]. It can provide satisfactory 
results as a method added to pharmacological 
treatment [41], but the most favourable results 
can be expected when MT is combined with the 
other treatment methods. It is a promising meth-
od, especially in terms of improving daily life 
activities, allowing reduction of disability and 
improvement of muscle control [48].

Stroke

Stroke is a frequent and signifi cant cause of criti-
cal disability of neurological functions, asso-
ciated with severe spasticity and hemiparesis. 
Therefore, every therapy possibility, including MT, 
is widely studied to fi nd the optimal solution. 

As proved by several studies, mirror therapy 
(MT) was most effi cient in upper limb therapy in 
patients with cerebral infarction. Ehrensberger 
et al. described their study on 36 patients, which 
lasted six months and included twelve train-
ing sessions. The main questions asked were 
about the potential outcomes, adverse effects 
and acceptability of this therapy in patients 
after stroke. In this randomized assessment, the 
researchers compared two equal groups of a few 
parameters, including maximal voluntary isomet-

ric elbow extension strength, spasticity, the Che-
doke Arm and Hand Activity Inventory Version 8 
(CAHAI-8), the ABILHAND questionnaire, and the 
London Handicap Scale. Both groups consisted 
of patients who were six months after cerebral 
infarction. They did not undergo any additional 
rehabilitation or other illnesses. The results were 
promising [51]. In another study, the research-
ers concentrated on associated mirror therapy 
(AMT). The patients watched hand animation, 
e.g. rolling or grabbing an object, and simul-
taneously repeated those actions. The screen 
was put above patients' hands to give them the 
impression of two functional limbs. In the study, 
three types of assessment scores were used: the 
Fugl-Meyer assessment upper limb subscale 
(FMA-UL), box and block test (BBT), and function-
al independence measure (FIM). FMA-AL and FIM 
showed a statistically signifi cant improvement in 
motor function in the experimental group com-
pared to the control group. The BBT scores did 
not differ between these two groups. The num-
ber of examined patients was similar to Ehrens-
berger’s. In this version of MT, the improvement 
of Dexterity was observed [52]. MT also presents 
some advantages in upper extremity rehabilita-
tion in patients with a stroke compared to bilat-
eral arm training (BAT). The Electroencephalog-
raphy (EEG) measurements suggest activation of 
the contralateral sensorimotor cortex by MT [53]. 
Also, another subtype of MT, task-based mirror 
therapy (TBMT), is promising in the treatment of 
subacute stroke patients. The examination cov-
ered a couple of various tests (FMA, BRS, MBI, 
MAS) to assess motor function, daily life activi-
ties and spasticity. The results of motor func-
tions of the upper extremity (rated by FMA) were 
signifi cantly better in the examined group than in 
the control group [54]. 

Moreover, MT might be applicable in treat-
ing oedema and pain accompanying post-stroke 
shoulder-hand syndrome. Patients are encour-
aged to use the previously neglected arm dur-
ing this therapy, which might enhance blood cir-
culation in this limb. The probable mechanism 
comprises sympathetic response, vasodilatation 
and anti-inflammatory activation [55]. However, 
a blinded, randomised trial by Antoniotti et al. on 
patients with upper limb hemiparesis showed no 
evidence of MT effi ciency in the fi rst four weeks 
after the cerebral infarction, raising questions 
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about MT's potential mechanisms, restrictions, 
and effectiveness [7].

In turn, Wei et al. [56] analyzed whether the 
use of combined robot-assisted therapy and vir-
tual reality mirror therapy can activate the mirror 
neuron system and reward circuits to a greater 
extent. They believe that both RAT and VRMT are 
promising treatments for improving upper limb 
motor dysfunction in stroke patients.

MT also seems to be an effective meth-
od of rehabilitation of lower limbs. Arya et al. 
researched MT applicability in the rehabilita-
tion of lower extremities in a group of chronic 
post-stroke hemiparetic patients. The outcomes 
were measured in Brunnstrom recovery stages 
(BRS), Fugl-Meyer assessment lower extrem-
ity (FMA-LE), Rivermead visual gait assess-
ment (RVGA), and 10-meter walk test (10-MWT). 
Except for 10-MWT, the results were signifi -
cantly better in MT combined with conventional 
motor therapy than in the control group [5]. In 
the observation where MT was combined with 
treadmill training, a signifi cant influence of MT 
was observed only in ankle plantarflexion mus-
cle tone. The other parameters (10MWT, 6MWT, 
or FMA-LE) had no statistical difference com-
pared with the placebo [57]. Another variation of 
MT was added to cross-education and explored 
in the study on post-stroke patients. The assess-
ment included a modifi ed Ashworth scale (MAS), 
London handicap sale (LHS), maximal voluntary 
contraction (MVC), 10-MWT, and timed up and go 
(TUG), which did not show any signifi cant differ-
ence between the groups. The improvement was 
apparent in walking velocity. No adverse effects 
were presented [58].

Action Observation Therapy (AOT)

Like MT, AOT consists of mirror neurons and 
motor learning activity. This therapy consists 
of watching and repeating movies that present 
a specifi c movement. In their single-blinded, ran-
domised study, Hsieh et al. [59] assessed three 
groups of 10 patients. Each group was rehabili-
tated with the other method: the fi rst with AOT, 
the second with MT, and the third control group 
with an active control intervention. The evalu-
ation included upper extremity motor defi cits in 
FMA. The evaluation was based on upper extrem-

ity motor defi cits in FMA. The results obtained 
from this therapy were auspicious. AOT present-
ed similar effectiveness to an active control inter-
vention. Nevertheless, the observed group was 
relatively small, so the following studies are nec-
essary [59]. Another research on AOT also pro-
vides evidence of its effi cacy in upper limb reha-
bilitation, evaluated in FMA and Modifi ed Barthel 
Index (MBI) [4]. In addition, this observation sug-
gests a signifi cant influence of AOT on cognitive 
function. However, further investigation of AOT’s 
effi cacy and applications is needed [4].

Motor aphasia

Motor aphasia is a common form of aphasia 
wherein patients experience diffi culties in nam-
ing, spontaneously producing fluent language, 
and retelling information. There are studies of 
both MT and AOT applications in motor aphasia 
after stroke rehabilitation. The treatment includes 
a unique set of audio and video systems, which 
guarantees patients the possibility of feedback. 
Chen et al. [60] explored the usefulness of MT in 
a group of 30 patients with motor aphasia one 
week after the acute cerebral infarction. Patients 
were equally divided into the test group and the 
control group. All of them presented aphasia 
according to the Western Aphasia Battery and 
a damaged left hemisphere in scan imaging. The 
assessment relied on functional magnetic reso-
nance imaging (fMRI), the modifi ed Rankin scale 
(mRS), the National Institutes of Health Stroke 
Scale (NIHSS) and the aphasia quotient (AQ). 
A signifi cant improvement in the examined group 
was visible in NIHSS and AQ. Furthermore, fMRI 
results suggested improvement in the function-
al connections between lobes of the left hemi-
sphere, which raises more questions about MT's 
impact [60]. Similarly, in post-stroke patients with 
aphasia of speech (AOS), AOT possible improve-
ment of speech and perception was observed [6].

Virtual reality

New technological tools involve patients more 
than standard MT. Game-based virtual reality 
(VR) with gesture recognition provides similar 
effects to classical MT in treating upper extremity 
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post-stroke. VR is also a prospective instrument 
in this group of disorders in addition to occupa-
tional therapy [61]. Impressive attempts of VR 
implementation in upper limb therapy after stroke 
are made. Systems deliberately designed for this 
usage enable patients to receive more feedback 
and do and repeat specifi ed tasks. Already in 
2017, Dunn et al. [62] conducted research analyz-
ing the use of VR in PLP therapy. They concluded 
that many cases analysed were only case stud-
ies rather than large groups of patients. They also 
suggested that although VR has positive effects, 
these studies need further research. However, 
later research by Mekbib et al. [3] suggests the 
effectiveness of these newest training tools in 
activating mirror neurons and stimulating neu-
roplasticity. This kind of therapy is a new trend, 
beautiful for patients. However, the examined 
groups of patients were relatively small. Thus, the 
following research is necessary. Also, a system-
atic review by Hao et al. [63] demonstrated the 
superior effects of immersive virtual reality on 
upper limb motor recovery.

Potential areas to conduct more consecutive 
research, especially on larger groups of patients, 
arise from the fact that all studies, except Anto-
niotti [7], suggest a present influence of MT and 
AOT on improving neurological function in spe-
cifi c disorders.

Bell’s palsy

Bell’s palsy is a condition involving a rapid and 
unilateral onset of peripheral paresis/paralysis of 
the seventh cranial nerve. So far, the cause of this 
condition remains unexplained [64]. Bell’s palsy is 
a common nerve disorder. The annual incidence 
of Bell’s palsy worldwide is around 11–40 cases 
per 100,000 people [65]. Different physiotherapy 
techniques are utilised for treating Bell's palsy, 
which aims to rebuild regular facial expressions, 
restore normal strength and function of facial 
muscles, and decrease all associated symptoms 
[66]. According to the latest guidelines, corticos-
teroids are the treatment of choice [67].

It showed that mirror therapy can be helpful in 
the treatment of Bell’s palsy. Martineau et al. [11] 
named it Mirror Effect Plus Protocol. With a free 
website – www.webcamtoy.com – patients did 
some exercises with the healthy part of the face. 

Then, the computer duplicated this image and 
showed it as a symmetrical representation of the 
patient's face [11]. Also, research conducted by 
the team of Bukhari et al. [65] showed that mirror 
therapy effectively improves facial symmetry and 
movements and decreases synkinesis in patients 
with Bell's palsy.

The team of Martineau et al. [68], in a random-
ized controlled trial of the effects of the “Mirror 
Effect Plus Protocol” (MEPP) on overall facial 
function in acute and severe Bell's palsy, show-
ing that MEPP produces promising long-term 
results when initiated in the acute phase of mod-
erately severe or complete Bell's palsy. These 
studies included a group of 40 patients divided 
into two subgroups. The fi rst group of 20 patients 
was included in the MEPP program (motor imag-
ery + manipulation + face mirror therapy), and 
the second group received basic counselling. 
Both groups met with a physician monthly until 
the sixth month of treatment and one year after 
disease onset for evaluation. In turn, the team 
of Mughal et al. [66] researched to evaluate the 
effectiveness of facial neuromuscular retraining 
with or without mirror feedback in patients with 
Bell's palsy. The patients were divided into two 
subgroups randomly. Both groups received neu-
romuscular retraining exercises (NMR), and one 
also received mirror feedback (MVF). The con-
clusions were that mirror feedback used in con-
junction with NMR was more effective in improv-
ing facial symmetry and movement and reduc-
ing functional disability than NMR used alone in 
patients with Bell's palsy.

Based on the results mentioned above, it can 
be concluded that mirror therapy benefi ts the 
group of patients with Bell's palsy.

Complex Regional Pain Syndrome

Complex Regional Pain Syndrome (CRPS) is 
chronic pain in the extremities and is a complex 
and multifactorial condition. Despite numerous 
studies, the current understanding of CRPS needs 
to be completed [69]. It is described as a burning 
or drilling sensation and affects deeper layers 
of tissue. This type of disorder can be associ-
ated with trauma, fractures, and even stroke [70]. 
Additionally, CRPS is associated with cortical 
reorganization [26,71]. Larger and higher-quality 
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clinical studies are needed to elucidate this con-
dition's underlying mechanisms further, enabling 
the development of more precisely targeted ther-
apies [69]. 

Mirror therapy can be an appropriate solution 
in rehabilitation [62]. With the use of MT in the 
post-stroke CRPS, an improvement in the motor 
function of the limb was observed [73]. Moreover, 
MT application in post-stroke CRPS provides bet-
ter results than conventional methods based on 
single-type rehabilitation without MT [8]. 

In their meta-analysis of ten systemat-
ic reviews, Cuenca-Martínez et al. [74] showed 
a reduction in pain intensity with the use of man-
ual therapy in patients with complex regional 
pain syndrome (CRPS) but no signifi cant effect 
in patients with phantom limb pain (PLP) or 
post-stroke pain. In the conclusions of their 
research, they also drew attention to the lack of 
standardisation of the use of MT and the need 
for further research in this area. Shafi ee et al. [75] 
team also noted in their review that the use of MT 
appears to be benefi cial for patients, but further 
research is needed to draw signifi cant conclu-
sions regarding the effectiveness of this method 
in relieving pain and disability.

MT effi cacy in CRPS depends on the duration 
of symptoms [76]. Mirror therapy would be effec-
tive if implemented in early CRPS. “Early” means 
less than eight months. The longer the CRPS 
is present, the less plastic the neural pathway 
becomes.

Other applications

Mirror neurons-based rehabilitation techniques, 
combined with conventional occupational and 
physical therapy, can also be a useful approach 
in hand trauma treatment. Mirror therapy seems 
effective for hand function recovery, but there is 
insuffi cient evidence to recommend its use for 
motor imagery and action observation [77].

The function of mirror neurons may also 
be valuable in Parkinson's disease, as shown 
by an improvement of motor function after 
a 4-week-long AOT [78]. The visuomotor training 
strategies such as action observation (AO) and 
motor imagery (MI) that are based on the activ-
ity of the mirror neuron system (MNS) facilitate 
motor re-learning. Analyzing the current scien-

tifi c evidence about the effectiveness of MNS’s 
treatments (AO and MI) to treat gait in patients 
with PD shows that the training with AO and MI 
are effective in improving disease severity, quality 
of life, balance, and gait in patients with PD [79].

In 2023 Ortega-Martinez et al. [80] published 
a paper on a home mirror therapy program for 
children with unilateral spastic cerebral pal-
sy. In their work, they noted that mirror therapy 
(MT) could become an accessible, intensive and 
home-based therapy suitable for children with 
CP. Their work analysed the therapy results of six 
children aged 8–12, fi ve days a week, 30 minutes 
a day. They determined that a home-based mir-
ror therapy program is a safe, cost-effective, and 
feasible therapy for children with CP if the thera-
pist is engaged in a coaching role throughout the 
program.

Mirror neurons play an essential role in imita-
tion [22], closely related to the theory of mind and 
empathy [81]. MT increases the possibility of learn-
ing the correct pattern of emotional reaction [27].

Conclusion

MT and AOT are promising tools not only in the 
therapy of post-stroke patients with various syn-
dromes. However, further research is needed on 
the broad application of MT and AOT due to the 
absence of a uniform research protocol. This 
treatment's appropriate time, frequency, and 
intensity must be determined. Mirror therapy and 
other related therapies have a limitation in that 
they can only benefi t individuals who have had 
unilateral limb amputation. Patients after bilater-
al amputations lack a healthy, exemplary limb.
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