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Abstract

Keywords

The lumbar paraspinal muscles are located next to the vertebrae responsible for lower back mo-
tion, and they are a set of muscles with distinct designs and complex features. Lower back muscles are 
represented by the erector spinae (ES) and multifidus (MF) muscles, which are located between the 
L3 and L4 vertebrae. Back pain from paraspinal muscular disorders causes muscle atrophy, tension, 
and poor posture. As a result, it is important to monitor muscle fatigue and the cross-sectional area 
(CSA) of paraspinal muscles using the EMG approach and imaging techniques. The screening of these 
paraspinal muscles can evidence changes related to low back pain both before and after exercise; it can 
be used together with CSA of the paraspinal muscles to assess muscle atrophy caused by disc hernia-
tion and spinal stenosis as well as postoperatively. This review will aid researchers in gathering infor-
mation on numerous elements that influence muscle fatigue and determining the usefulness of studying 
muscle atrophy in connection to disc herniation and spinal disease using various imaging modalities. 

Lumbar paraspinal muscles, Electromyography, Cross-sectional area (CSA), Erector spinae (ES), Mul-
tifidus (MF).
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Introduction
The paraspinal muscles include: the quadratus lumbo-

rum, psoas major, multifidus, erector spinae, interspinal, and 
intertransversarii. They maintain the mobility and stability 
of the spine [1]. The mobility of the lower back is governed 
by muscles of the back, such as the multifidus and erector 
spinae. The architecture and design of paraspinal muscles 
are complicated, and they differ from the architecture and 
design of other muscles that have been widely studied (such 
as appendicular muscles). Many skeletal attachments and 
insertions exist in the paraspinal muscles, for example, at 
various vertebral levels. The erector spinae muscles serve 
to stabilize the lower back by combining the longissimus 
and iliocostalis muscles. The longissimus is in the erec-
tor spinae’s middle section. Both the medial portion of the 
transverse process and the auxiliary process supply fibers 
to each of the five lumbar vertebrae. The multifidus is the 
biggest and most medial back muscle, spanning the lum-
bosacral junction. Its job is to keep the trunk erect and allow 
for abduction and rotation[2, 3].

Back pain caused by paraspinal muscular diseases can 
induce muscle atrophy, muscle strain, and poor posture. With 
65–85 percent of the population reporting having lower back 
pain at some time in their life, it is becoming more and more 
prevalent [4]. As a result, it is crucial to consider the factors 
that impact muscular exhaustion in certain muscles, as well 
as their cross-sectional area (CSA), because fatty infiltra-
tion is more likely to occur. Fat and fibrous tissues can oc-
casionally replace atrophied muscle, resulting in a decrease 
in muscular activation. Such phenomena render assessing 
muscle’s CSA imminent.

The paraspinal muscles can be evaluated quantitatively 
and qualitatively using MRI, CT, and f-MRI images to mea-
sure CSA and determine the presence of fatty infiltration. To 
reveal the elements that produce muscular fatigue, research-
ers are analyzing EMG data from people with both acute and 
chronic lower back pain. 

Electrodes inserted in skeletal muscles are used to de-
tect electrical impulses from motor neurons in the central 
nervous system (CNS). Biomechanics uses these signals to 
evaluate movements and diagnose medical issues and ac-
tivation levels. HD-sEMG is a non-invasive technique that 
covers a small patch of skin with more than two evenly 
spaced electrodes to measure electrical muscle activity. The 
ability to capture both temporal and spatial EMG activity 
with HD-sEMG enables the identification of new muscle 
properties [5]. In neurogenic diseases and channelopathies, 
HD-sEMG can reveal pathologic MU alterations [6]. Prior 
to and following exercise both acute and persistent lower 

back pain CSA values obtained from imaging modalities are 
also used to evaluate paraspinal muscle atrophy in the set-
ting of spinal stenosis and disc herniation in people who cur-
rently feel or have in the past experienced back pain. Some 
research studies were inspired by  [7], which describes as-
sessment of fat infiltration in lumbar paravertebral muscle 
for LBP, and how imaging modalities like Dual Energy CT 
(DECT) were more efficient here. Similarly, many literature 
studies have been performed by paraspinal muscles moni-
toring using different approaches and have been discussed 
throughout this manuscript. Figure 1 shows an MRI of the 
L3-L4 disc level revealing the default size and location of 
the paraspinal muscles.

Study Criteria
The present review analyzes the impact on paraspinal 

muscles during low back pain, during the flexion-relaxation 
phenomena, and their structural alterations that may be exam-
ined using medical images. The flow chart of studies selection 
according to well-defined criteria is shown in Figure 2.

Figure 1. MRI of L3-L4 disc level showing paraspinal 
muscles around it.

Figure 2. Flow chart of study criteria.
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Need of EMG variables in the study
To compare the characteristics of those who experienced 

low back pain (LBP) with those who did not, as well as to 
determine the degree of their discomfort, EMG data from 
lumbar paraspinal muscles were required. Figure 3 and Ta-
ble 1 describe electrode location from L1 to L5. EMG from 
these studies also aids in the understanding of FRP (Flexion-
Relaxation Phenomenon), providing a thorough examina-
tion of lumbar muscle activity [8, 9, 10].

Table 1. Electrode placement in each channel.
Sl.No Channel Name Muscle

1 Channel 1 Erector spinae (ES) (left L1/L2 level)
2 Channel 2 Erector spinae (ES) (right L1/L2 level)

integral, EMG variance, root mean square, and waveform 
length.

(i) Integrated EMG (IEMG)
To know the pre-activity of muscles Integrated EMG 

(IEMG) is widely used. They are the areas under the curve 
of rectified EMG signals and they are also the summation of 
absolute EMG amplitude [14].

(ii) Mean Absolute Value (MAV)
The intensity of muscular contractions is found and mea-

sured using the Mean Absolute Value (MAV) technique. It is 
calculated as the full-wave rectified EMG signal’s moving 
average [12, 14].

(iii) Mean Absolute Value Slope (MAVS)
To determine the difference in MAVs between neigh-

boring segments, one uses the Mean Absolute Value 
Slope [14].

(iv) Simple Square Integral (SSI)
The Simple Square Integral (SSI)  is used to represent 

the EMG signal’s energy into an useable characteristic [14].

(v) Variance of EMG (VAR)
The EMG signal’s strength is expressed as a usable prop-

erty via the Variance of EMG (VAR) [12, 14].

(vi) Root Mean Square (RMS)
There is a connection between the RMS and the constant 

force and non-fatiguing muscular contractions. For feature 
extraction, the RMS technique is commonly employed, be-
cause it is fast and economical in terms of computing while 
maintaining critical data [14].

(vii) Waveform Length (WL)
Waveform length is the term used to describe the length 

of the waveform overall (WL). The amplitude, frequency, 
and duration of the waveform are calculated using the WL 
method [14].

Frequency domain
To extract features in the frequency domains, a signal’s 

power spectral density is employed (PSD).
(i) Autoregressive Coefficients (AR)

Figure 3. Electrode position at L1 to L5(S. ARJUNAN & 
al., 2010 [10]).

3 Channel 3 Multifidus (MF) (left L4/L5 level)
4 Channel 4 Multifidus (MF) (right L4/L5 level)

EMG Feature Extraction
The method of feature extraction emphasizes important 

information by removing noise from the raw signal data. 
An EMG-based control system must include three types of 
characteristics to function properly. These are the time, fre-
quency, and time-frequency domains [11, 12]. 

Time domain
For EMG pattern identification, time-domain features 

are more typically utilized. This is due to the fact that they 
are simple and quick to calculate because no transformation 
is required. The amplitude of the input signals is used to con-
struct time domain characteristics. The generated numbers 
offer an approximation of waveform amplitude, frequency, 
and duration within defined bounds [13]. The next subsec-
tions give complete descriptions on integrated EMG, mean 
absolute value, mean absolute value slope, Simple Square 



D. Athikesavan et al.

3822

It consists of the previous samples added to an error term 
for white noise [15].

where xn represents a sample of the model signal, ai the 
AR coefficients, wn is the white noise error term, and p is the 
order of the AR model.

(ii) Frequency Median (FMD)
Frequency Median (FMD) is a term used to describe a 

frequency distribution based on the power spectral density 
(PSD). To determine the frequency domain feature for EMG, 
there are two basic forms of PSD estimation: parametric and 
nonparametric. Parametric techniques treat the signal as the 
product of a linear system. The model of a system is not as-
sumed in nonparametric techniques.

Effects on paraspinal muscles during 
low back pain

Lower back discomfort is caused by injury to the back 
muscles or tendons. It turned out to be extremely wide-
spread. These effects will be noticed between L3 and L5 in 
the lumbar region of the spine. It has been demonstrated that 
electromyography signals are more effective than other tech-
niques in differentiating between those with persistent low 
back pain and healthy individuals [16, 17]. The findings of 
Anthony R. Humphrey et al. demonstrated that EMG vari-
ables may be used to identify between patients with chronic 
back pain and healthy controls since the variable values dif-
fered considerably between the two groups [16].

A patient with an EMG variable half-width and an ini-
tial median frequency (IMF) above 49 Hz had back pain 5.8 
times more often than others (p=0.014) and three times more 
often than those with a half-width greater than 56 Hz and 
no history of persistent LBP [18]. The activation of paraspi-
nal muscles in persons with acute non-specific lower back 
pain was investigated using measurements of average EMG 
(AEMG), visual analogue scale (VAS), and finger-to-floor 
(DFTF) [19]. They discovered that paraspinal muscle activ-
ity changes after massage therapy due to variations in flex-
ion and extension values. The EMG signal varied through-
out prolonged periods of silent sitting; patients with cLBP 
showed less temporal variability (p=0.03), higher RPE (rat-
ing of perceived exertion), and equal spatial variation in 
muscle activity compared to healthy individuals. This shows 
cLBP patients have trouble in tolerating low levels of static 
muscular tension [20].

Within another study the patients’ lumbar paraspinal 
muscle tone and stiffness were assessed using the Stan-
dard Error of Measurement (SEM), Smallest Real Differ-
ence (SRD), and Bland-Altman Analyses (BAA). The study 

proved that upper-level lumbar measurement was not as ac-
curate as lower-level lumbar measurement [21]. Ultrasonic 
Shear-wave Elastography (USWE) can also reveal muscular 
stiffness. Muscle thickness and lumbar back muscle shear 
elastic modulus were utilised as dependent factors in a study, 
whereas height, age, body weight, and sex were used as in-
dependent variables  [22]. During work, the soleus, vastus, 
and fibularis longus muscles of the lower extremities for 
both patients with and without a history of back pain ex-
perienced lumbar paraspinal fatiguing due to altering in the 
soleus muscle, where the postural reaction that keeps lower 
extremity function going occurs [23].

Shin-Yi Chiou et al. (2017) looked at the relationship 
between EMG frequency characteristics (derived from 
CWT-Continuous Wavelet Transform analysis) and patient 
self-reported disability ratings. The patients filled in the 
Roland-Morris Disability Questionnaire (RMDQ) in addi-
tion to collection of bilateral EMG activity from the erector 
spinae at levels L4 and T12. The back extensors underwent 
three brief MVICs (maximum voluntary isometric contrac-
tions) before the torque reading on the dynamometer was re-
corded. For 200 milliseconds, CWT was applied to the EMG 
signals of each muscle, focusing on the maximal torque gen-
erated during the MVICs. The findings demonstrated that 
peak power at T12 and L4 as well as peak power frequency 
were lower in patients than in healthy people. Similar corre-
lations between RMDQ and the average energy ratio at T12 
were discovered (r=0.63; p=0.012), indicating that the lower 
frequencies had a predominant energy distribution [24].

Zeng Ming Hao et al. performed the Sorensen test for 
soldiers with and without chronic low back pain (CLBP) 
and published a comparative study about muscle fatigue and 
asymmetry on lumbar muscles using paired and independent 
samples t-tests and spatial distribution of those by repetitive 
ANOVA (Analysis on Variance) during sustained contrac-
tion using HDEMG. From these data  they concluded that 
CLBP patients featured less significant effects on muscle 
fatigue and asymmetry in both sides of erector spinae and 
also uneven spatial distribution when compared to healthy 
subjects [25].

Influence of paraspinal muscles during FRP 
The “flexion-relaxation (F-R) phenomenon” oc-

curs when electrical silence begins immediately in back 
muscles when the trunk is flexed to a certain degree. The 
spinal extensors relax completely in full flexion, allow-
ing the spinal ligaments to supply the flexion torque. This 
happens because the tension in the spinal ligaments con-
tributes significantly to the anterior shear stress on the 
lumbar vertebrae and increases the strain on the facet 
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joints during weight training. Good technique is especial-
ly important when the spine is fully flexed [26].

Under spline statistical analysis, the paraspinal mus-
cles with and without LBP had lower EMG amplitude 
with FRP than without FRP [19]. The erector spinae [ES] 
(L2, L5) muscle exhaustion caused with the Sorenson 
procedure was convincingly demonstrated in [9], and ex-
amination of the power spectrum suggested that it might 
affect FRP. They reached this conclusion by undertak-
ing research to learn about the influence of FRP on ear-
lier lumbar operations and their reaction to rehabilitation 
treatment [27].

P. Ippersiel et al. examined regional lumbopelvic co-
ordination and flexion-relaxation patterns to better under-
stand how individuals with and without low back pain 
perform during bending exercises. Regardless of move-
ment duration, the hip/lower lumbar joint pair commonly 
moved out of phase in the low back pain group compared 
to the healthy group (mean difference = 24.7; 95 percent 
confidence interval = 3.93-45.4). The lower/upper lum-
bar coordination of the groups differed just a little. All 
muscles in the low back pain group exhibited decreased 
flexion-relaxation (average: 21.7%), with the multifidus 
showing the least relaxation after full flexion [28].

Anais Gouteron et al. carried out a detailed review on 
FRP (Figure 4) in the population with non-specific chron-
ic low back pain (NSCLBP) in terms of prevalence, mean 
flexion-relaxation ratio (mFRR), mean extension-relaxation 
ratio (mERR), and distinction between asymptomatic and 
NSCLBP FRR. Their review concludes with the statement 
that the test was reproducible, sEMG can accurately identify 
an altered FRP in the NSCLBP group, and asymptomatic and 
NSCLBP FRP differed significantly in terms of FRR [29].	

Impact of paraspinal muscles during 
several activities

EMG collected with surface electrodes was used to 
investigate the influence of paraspinal muscles owing to 
various activities. Experiments were conducted on paraspi-
nal muscles to assess their atrophy, changes in CSA, and 
other effects of various activities such as physical exercise, 
massage treatment, static and dynamic training, and so on. 
L.A. Danneels et al. looked at the impact of paraspinal or 
paravertebral muscles during three distinct training modali-
ties: stability, stabilization with dynamic resistance, and sta-
bilization with static-dynamic resistance. According to the 
study, stabilizing exercise had no effect on muscle CSA, 
but rigorous lumbar resistance training was required to re-
store muscle size in cLBP patients with back muscles atro-
phy [30]. Table 2 enumerates experiments on various activi-
ties monitored to study paraspinal muscles changes.

Impact of paraspinal muscles found in 
imaging studies

LBP and other activities generate changes in the paraspi-
nal muscles, which are investigated using imaging methods 
such as, CT, MRI and fMRI. Research exposed in Table 3 
suggests that CSA and fatty infiltration in the paraspinal 
muscles are associated with disc herniation and spinal dis-
orders. EMG data from people with acute and chronic lower 
back pain is being utilized to figure out what factors affect 
muscular fatigue. 3T MRI was employed in [46]  to evaluate 
the geometric changes in CSA and contractile density fol-
lowing iatrogenic injury surgery. Based on changes in the 
atrophy of the back muscles, “stand-alone” oblique lateral 
interbody fusion (OLIF) and typical OLIF were compared 
in [47].  FCSA and Fatty Infiltration Percentage (FIP) were 

Fig 4. FRP of HDEMG
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Table 2. Experiments on various activities monitored to study paraspinal muscle changes.
Reference Activity Monitored Method Result

[31] Comparison of EMG features 
from Erector Spinae (ES) and 
Vastus Lateralis (VL) during 

bending forward and crouching 
down activities.

Median frequency (MNF) changes in 
the SEMG frequency domain index

Forward Bending: ES has higher 
significance than Right Vastus 

Lateralis
Squatting down: Right Vastus 

Lateralis has higher Significance 
than ES

[32]  Monitoring myoelectric 
activity of paraspinal muscles 
for Idiopathic Scoliosis (IS) 

adolescents’ habitual standing 
and sitting.

PUMC Type 1a and Type IIc subjects’ 
root mean square (RMS) of SEMG 
reflects their spinal curvature state

A more consistent RMS SEMG 
ratio was seen in the trapezius, 
longissimus dorsi, and erector 

spinae after the physiotherapist 
suggested posture modification 

in the thoracic and lumbar 
areas. Thus, AIS patients were 
advised to use motor learning 
by practising recommended 

positions that help in balanced 
posture. 

[33] Alterations in the pattern of 
muscular activation affect spinal 
tissue creep when muscles are 

fatigued.

Surface electromyography was used 
to record the right and left erector 

spinae’s large-array activity (EMG). 
The EMG root mean square (RMS), 
median frequency, and dispersion 

were compared on the x- and 
y-axes before and after the fatigue 

exercise.

The EMG median frequency was 
shown to alter significantly with 

muscular exhaustion.

[34] The effect of repeated abrupt 
external perturbations on 
the trunk’s neuromuscular 

adaptation after muscle fatigue.

A high-density EMG The activation 
of the erector spinal muscles was 
assessed using this method. A 3D 
motion analysis system was used 
to collect trunk kinematics from 
perturbation studies. Two-way 

measures were employed for baseline 
activity, reflex latency, reflex peak, 
and trunk kinematics to investigate 
adaptation, fatigue, and interaction 

effects.

Muscle activity was distributed 
more spatially in post-fatigue trials, 
compared to fatigue tasks. Values 
of baseline activity were higher 
in muscle fatigue and reduced in 

perturbation training.

[35] Surface electromyography 
(SEMG) of the lumbar 

paraspinal muscles in stroke 
sufferers with later pulsion in a 

passive posture.

Correlation of Burke Lateropulsation 
scale during onset and duration of 

SEMG response.

In lateropulsion patients, 
paraspinal muscle activity had 

SEMG response length shorter on 
the weaker side after passive tilting 
at the stronger side, which implies 

more muscle activity during 
fast, passive tilting at the weaker 

side than controls. There is no 
correlation for dependent variables 

in BLS
 [36] Affect in lumbar reflex 

adaptation due to back muscle 
fatigue in response to fast 

external perturbations

Back muscular fatigue protocol 
(intermittent)

Erector Spinae (ES) reflex 
latencies were shorter by 25% 

(p<0.05) during expected 
versus unexpected conditions, 

To compensate for muscle 
weariness, a substantial external 
force disturbance would result 
in greater amplitude responses 
in paraspinal and even earlier 

activation.
[37] The surrounding muscles of 

the cervical spine, thoracic 
spine, and lumbar spine are all 
affected by different designs of 

high heels.

The paraspinal muscles surrounding 
the C6, T7, and L5 vertebrae were an 

electrode.

Standing on wedge heels, setback 
heels, and French heels increased 
paraspinal activity in the cervical 
and lumbar spine as compared to 
bare feet. The various styles of 
heels, on the other hand, had no 

noticeable difference.
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[38] Dynamic superman contractions 
on stable and unstable surfaces, 

as well as unloaded body 
weight squats, activate the 

paraspinal muscles (longissimus 
and iliocostalis).

Correlation Analysis Compared to Superman’s 
exercise, the bodyweight squat 
produces equilibrium muscle 

activation in longissimus 
and iliocostalis on stable and 

unstable surfaces. Due to 
dynamic natures and daily 
activities, sports situation 

bodyweight squat was suggested, 
because it was better in 

activating paraspinal muscles 
than superman boat exercise.

[39] Juchumseogi and Juchumseo 
Jireugi’s motions affect 

paraspinal muscle activation.

Muscle activation was measured from 
C3, T7, and L3 during these motions. 
The movements were repeated three 

times, with the average results utilized 
in the analysis.

In comparison to simple 
standing, Juchumseogi and 

Juchumseo Jireugi movements 
increase paraspinal muscle 

activity in C3 and T7. When 
compared to Juchumseogi alone, 

Juchumseo Jireugi’s motions 
In C3, T7, and L3, there was 

a considerable increase in 
muscular activity of paraspinal 
muscles. In C3, T7, and L3, the 
paraspinal muscular activation 
caused by Juchumseo Jireugi’s 
motion was much greater than 

that caused by standing and 
Juchumseogi alone.

[40] The effect of the bridge workout 
approach on rectus abdominis 
muscle change and paraspinal 

muscle activation while walking 
on the treadmill in high heels.

In the supine position, bridge 
exercise was done in a hook lying 

posture, whereas in the prone 
position, bridge exercise was done 

in a plank position. The rectus 
abdominis muscle’s strength was 
measured by keeping the same 

posture for a certain amount of time. 
EMG (4D-MT & EMD-11, Relive, 

Korea) was utilized to evaluate 
paraspinal muscle activation.

The rectus abdominis muscle 
strength rises in the supine and 
prone groups during the bridge 

exercise. During bridge training, 
both groups’ paraspinal muscular 

activation in the thoracic and 
lumbar portions diminishes.

[41] During back bridge training, 
EMG was measured in the time 

and frequency domains from 
the Lumbar Multifidus (MF) 

and Erector Spinae (ES).

Between the first and last epochs of 
the test, the normalized Root Mean 

Square (RMS) value and the spectral 
Median Frequency (MF) were 

compared. Throughout the test, the 
dynamics of MF were acquired using 

the Short-Time Fourier Transform 
(STFT)

The LM muscle exhibited a bigger 
MF than the ES muscle towards 
the conclusion of the exercise, 
which remained constant. The 
slope of MF, on the other hand, 

was crucial for LM.

 2009 [42] The lumbar muscles react by 
creating tension-relaxation 
of viscoelastic tissue when 

undergoing extended passive 
cyclic trunk flexion and 

extension.

Passive exercise session Decrease in posterior 
viscoelastic tissue over time 

due to supply of tension 
when muscle activity remains 

constant. After a passive flexion 
session, active flexion results 
in a rise in paraspinal muscle 

EMG and an increase in median 
frequency.

[43] Lumbar Muscle Activation 
During Resistant and Non-

Resistant Core Strength 
Exercises: EMG Analysis 
(Trunk extension exercise, 
superman boat exercise, 

Quadruped exercise)

To normalize EMG, the Root Mean 
Square (RMS) and Maximum 
Voluntary Contraction (MVC) 

methods were applied (per cent MVC)

Muscle activation during 
manually resisted and unresisted 
tasks is identical, according to 
the findings. During resistive 
training, the muscles were not 

certainly overused or strained. As 
a result, specialized muscle group 
resistance training can be used to 

develop target muscles.
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measured using computed tomography (CT) before and after 
multifidus and erector spinae surgery. The automated thresh-
old technique was also employed in research of paraspinal 
muscles morphology and fatty infiltration, with the results 
comparing the automatic approach to a novel thresholding 
method leading to the conclusion that the automatic method 
is more reliable [7].

Discussion

EMG characteristics in LBP
A subset of persons who are more prone to experience 

future low back pain can be identified using the lumbar 

paraspinal muscles’ EMG features. We can notice that to 
varying degrees, all the EMG variables were able to discrim-
inate between low back pain patients and healthy controls. 
The previous history of patients could not be distinguished 
from that of healthy controls or patients with persistent low 
back pain due to the small sample size of the history group 
or the wide range of the prior history group’s variables. 
Back pain risk rose 5.8-fold when IMF was higher than 
49 Hz (p = 0.014) [18]. Reduced peak power (T12 and L4) 
and decreased peak frequency may be seen in the patient’s 
EMG signal characteristics at the L4-T12 levels (T12) [24]. 
It was shown that those with acute non-specific lower back 

[44] Myofascial release (1) superficial myofascial release; 
(2) deep myofascial release; 10 

sessions, each lasting 40 minutes were 
employed in a ten-session, twice-

weekly myofascial release technique 
intervention regimen. The Toe-Touch 
Test and electromyography activity 

were used to gauge the lumbar erector 
spinae muscle’s flexibility and activity 
during trunk extension-flexion motion 

(EMG).

EMG activity in the right 
iliocostalis (p = 0.179; r = 0.43), 
right longissimus (p = 0.877; r = 
0.05), left iliocostalis (p = 0.386; 
r = 0.29), and left longissimus (p 
= 0.418; r = 0.27) muscles was 

unaffected by myofascial release 
methods.

[45] After lumbar spine surgery, 
patients may experience spinal 

muscular atrophy (PMA).

The search for research that 
documented PMA after spine surgery 
was conducted in the literature. The 
amount of PMA released following 

surgery was compared in three 
groups: lumbar fusion vs. nonfusion 

procedures, posterior vs. anterior 
lumbar fusion, and minimally invasive 
(MIS) posterior lumbar decompression 
and/or fusion vs. non-MIS equivalent 

therapy.

The mean postoperative volumetric 
PMA following fusion procedures 
was significantly higher than the 

mean postoperative volumetric PMA 
following non-fusion procedures 

(p=.0001), the mean postoperative 
volumetric PMA following posterior 
fusion procedures was significantly 
higher than the mean postoperative 
volumetric PMA following anterior 
fusion procedures (p=.0001), and 

the mean postoperative volumetric 
PMA following conventional fusions 

was significantly higher than the 
mean postoperative volumetric PMA 

following MIS fusions (p=.001). 
The mean volumetric lumbar PMA 
did not differ statistically between 
MIS and non-MIS decompression 
(p=.56). Postoperative PMA was 

shown to be higher following non-
MIS fusions, posterior surgeries, and 

lumbar spine fusions.

Table 3. CSA and fatty infiltration in the paraspinal muscles are associated with disc herniation and spinal disorders.
Reference Objective Materials And Methods Inference

 [48] The link between spinal stenosis, 
lumbar paraspinal muscle atrophy, 

and lumbar disc herniation

Materials: Pattern of disc herniation 
and degree of spinal stenosis. 

Method: Investigation of Muscle 
atrophy grade (Multifidus, 

Longissimus, and Iliocostalis) and 
laterality.

79% of individuals with disc 
herniation had multifidus atrophy 

and they had no relationship 
between paraspinal muscle 
atrophy with disc herniation 
(p=0.15) and with any grade 
of spinal stenosis (p<0.01). 

Paraspinal muscle atrophy was 
found in 90% of individuals with 

spinal stenosis.
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[49] Functional magnetic resonance 
imaging [blood oxygen level-

dependent (BOLD) imaging and 
T2 mapping] was used to examine 

the excitation of the lumbar 
paraspinal muscles before and 

after exercise.

Simple Roman Chair made of 
wood.

CSA, R2*, and T2 values were 
measured in the iliocostalis, 
longissimus, and multifidus 

anatomical portions of the lower 
back during an upper-body flexion 
and extension exercise in that chair. 
The data was analyzed using SPSS 

2.0 statistical software.

R2* was reduced (p<0.01), 
although CSA and T2 were higher 
after exercise. Although there was 

no statistical difference, males 
and females had substantially 

different R2*, CSA, and T2 values 
in the iliocostalis (p<0.05). In 
comparison to the multifidus 

and longissimus, the iliocostalis 
exhibited a higher overall CSA 

(p<0.05).
[50] The goal of this study was to 

determine the skeletal muscle 
mass index (SMI) and paraspinal 
muscle composition in patients 

who had spinal surgery for 
lumbar spinal stenosis (LSS) or 
adult spinal deformity (ASD), as 
well as to evaluate if paraspinal 
muscles influence low back pain 
in ASD patients. (3) Determine 

which ASD spinal metrics 
are substantially impacted 
by paraspinal muscles on 

radiographs.

Dual Energy Absorptiometry was 
used to perform T2-weighted MRIs 

at the L3/L4 level.

Methods: Paraspinal muscle 
rm CSAs were measured using 

preoperative T2w MRIs at the L3/4 
level.

Using dual-energy x-ray 
absorptiometry, the body’s total 

bone mineral density and lean, soft 
tissue mass were calculated.

The quantity of lean soft tissue in 
the appendix (kg/m2) was used to 

compute the SMI (upper and lower 
limbs). For 110 consecutive patients 

with ASD and 50 consecutive 
patients with LSS who had spinal 

surgery, the Roland-Morris 
Disability Questionnaire, Oswestry 

Disability Index, spinopelvic 
characteristics, and rmCSA were 

assessed.

The overall SMI and sarcopenia 
morbidity rates were not 

different between LSS and ASD 
patients. The multifidus/erector 
muscles’ CSA and rmCSA are 
negatively correlated with the 

Oswestry Disability Index, but the 
multifidus/erector muscles’ CSA 
and sacral slope are positively 

correlated.

 [51] Using digital data from lumbar 
spine MRIs of patients with both 
acute and chronic low back pain, 
researchers looked at changes in 
the cross-sectional area (CSA) 

and composition of the paraspinal 
muscles (LBP)

The amount of fat infiltration 
was assessed using CSAs and 
the mean signal intensities of 

the bilateral paraspinal muscles 
(psoas major, PM, quadratus 

lumborum, QL, multifidus, MF, 
and erector spinae, ES). Results 
were contrasted between painful 
and non-painful groups as well 

as between different groups. The 
CSA and mean signal intensity of 
the MF muscle were evaluated in 
42 patients with chronic unilateral 

LBP at three distinct levels: 
problem, above issue, and below 

issue.

In terms of pain, the chronic LBP 
group had considerably lower 
CSAs of MF and ES muscles 

compared to the acute LBP group, 
which had significantly lower 
CSAs of PM and ES muscles. 

In the chronic LBP group, 
measurements were made of the 

mean signal intensity and the 
amount of fat in the ES muscle on 

the afflicted side.

[52] A complete muscle measuring 
procedure the worth able 

quality and agreement of related 
paraspinal muscle composition 

metrics were also discussed 
and acquired using OsiriX and 
ImageJ, two widely used image 

processing tools.

Materials: Researchers used axial 
T2-weighted magnetic resonance 
scans of the multifidus muscle, 

the erector spinae muscle, and the 
two muscles united at L4–L5, as 

well as lumbar magnetic resonance 
imaging on 30 patients at L4–L5.

Method: Measurement of muscle 
CSA and composition. Each 

software package was used twice, 
at least 5 days apart, to duplicate 

all measurements. All prior 
measurements were hidden from 

the subject.

OsiriX or ImageJ was used to 
determine interrater reliability and 

standard error of measurement 
(SEM), with coefficients of 

reliability (intraclass correlation 
coefficients [ICCs]) ranging from 

.77 to .99 for OsiriX and .78 to .99 
for ImageJ, respectively. The two 

software tools had comparable 
high levels of agreement when 
measuring muscle composition 

(inter-software ICCs of .81– .99).
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pain (ANLP) have different paraspinal muscle myoelectric 
activity signal amplitudes than healthy individuals. Con-
sequently, the ANLP patients’ myoelectric activity was re-
covered. In order to determine if patients with cLBP had 
a lower tolerance for low-level static muscular strain, the 
lumbar muscles alterations in the right and left side of pa-
tients were compared with healthy controls [20]. The study 
on Myo tonometer concluded that utilizing it in the clinical 
environment in young people with persistent LBP was use-
ful. Upper lumbar level measurements were not as accurate 
as those performed at lower lumbar level [21]. Some studies 
concluded that HDEMG, Ultrasound Elastography (SWE) 
may help in understanding changes in stiffness and muscle 
mass [22, 23]. 

FRP impact on paraspinal muscles
	 The FRP was studied using HDEMG and Soren-

son protocol, leading to the conclusion that people with LBP 
and FRP had a delayed onset. The presence of erector spinae 
muscle exhaustion also changes the FRP [26]. The changed 
FRP is frequently detected in the NSCLP population, and 

the test is quite repeatable. All muscles of the group of lum-
bar muscles showed decreased flexion-relaxation during 
complete flexion in the low back pain [9, 27] indicates FRP 
helps in knowing the conditions of the tissue due to exces-
sive loading conditions (i.e. LBP). 

Paraspinal muscles during several activities
LSS (Lumbar Spinal Stenosis) has previously been linked 

to impairments in lumbar movement perception. Recent stud-
ies validate the earlier conclusions using new patient data and 
controls that are matched for age. The disparity between the 
present LSS (Lumbar Spinal Stenosis) outcomes and the past 
disruption of local nervous and muscular tissues that resem-
bled CLBP but was frequently more vigorous in LSS than 
CLPB may be explained by a variety of factors. Furthermore, 
stenotic patients reported leg and back pain, but CLBP pa-
tients often just experienced back pain. It was necessary to 
consider things like sensory loss that resulted in erroneous 
input, an information processing impairment, or a combina-
tion of the two to understand the variables that led to impaired 
lumbar movement perception. In order to achieve the proper 

 [53] Evaluating the postoperative 
lumbar spine

Materials: X-rays, flexion-extension 
x-rays, CT scans, myelography, and 

MRI scans were used.

Methods: Most patients get one 
or more imaging tests, depending 

on the kind of first surgery and 
symptoms.

For adequate evaluation and 
selection of the radiological 
approach to be employed, 

knowledge of different types of 
surgical operations, instruments, 

typical postoperative changes, and 
probable problems was required.

[54] Intra- and inter-measurement 
errors in paraspinal muscle 

parameters of functional cross-
sectional area (FCSA), density, 

and T2 signal intensity were 
assessed using computed 

tomography (CT) and magnetic 
resonance imaging (MRI) (MRI).

Materials: In 29 patients with 
incessant low back pain, CT scan 

density and MRI T2 signal intensity 
of paraspinal muscles at L3-L4, L4-

L5, and L5-S1 were compared.

Methods: To assess intra- and 
interobserver reliability, two 

professionals. In three weeks, 
musculoskeletal radiologists and 

one superior spine surgeon tracked 
the area of interest twice.

FCSA has a reasonable to 
outstanding intraclass correlation 
value, while fatty infiltration has 
a good to the excellent intraclass 
correlation coefficient. Similarly, 

the inter-reliability ICCs are 
FCSA-fair to excellent and fatty 
infiltration-good to outstanding.

Poor to excellent ICCs for CT and 
MRI scans

The fatty infiltration 
measurement’s relative standard 

error varied.
[55] Quantitative and qualitative 

assessment of paraspinal muscles 
composition measurement (CSA) 

in association with maximum 
isokinetic lifting performance 

from routine lumbar spine MRI 

Materials: MRI of paraspinal 
muscles at L3-L levels.

Methods: The major outcome 
variables for isokinetic lifting 

power and effort, as well as body 
fat percentage, was relative and 
evaluative muscle constitutions 

analyses.

The CSAs and relative muscle 
constitution values based on 

cerebrospinal fluid adjusted signal 
intensity at the L3-L4 level were 
excellent (ICC = 0.95-0.99 and 
0.96-0.99, respectively), while 

the evaluative muscle constitution 
evaluations (Kappa = 0.54-0.76) 

were only fair. According to 
the weak correlations between 

isokinetic lifting power and work 
and the relative and evaluative 

assessments of muscle constitution 
(r = 0.02-0.41), the evaluative 

estimations were preferred.
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lumbosacral spine alignment, muscle spindles appear to be 
essential, because lumbar discomfort reduces muscle spindle 
input [56, 57]. As lumbar paraspinal muscle denervation and 
lumbar degeneration develop, proprioceptive information is 
likely to be lost [58]. LBP sufferers have reportedly trouble 
with their ability to fine-tune their postural balance regula-
tion  [59]. Reduced lumbar proprioception was previously 
demonstrated to be a reversible feature in sciatica patients 
who were followed for three months [60]. As a result (Fig-
ure 5), looking at the paraspinal muscles during various ac-
tivities can aid to assess CSA, muscular atrophy, and fatty 
infiltration. 

Paraspinal muscles examination by imaging
The MRI data aid in determining the pattern of disc 

herniation and the degree of spinal stenosis, both of which 
contribute to the development of lumbar paraspinal muscu-
lar atrophy. 90 percent of individuals with spinal stenosis 
had paraspinal muscle atrophy  [31, 37]. To ascertain the 
activation of the lumbar paraspinal muscles before and af-

ter training, the SPSS 2.0 statistical tool was used in the 
screening of movement activities, such as upper body flex-
ion and extension in a simple roman chair. Values for the 
cross-sectional area (CSA), R2* (rate of darkening), and T2 
(rate of tranverse relaxation) of  were calculated [32]. It was 
discovered that the ODI (Oswestry Disability Index) 
significantly correlated negatively with the multifidus and 
erector muscles rmCSA  [33]. Bilateral paraspinal mus-
cles’ fat infiltration ratio, CSA, and mean signal intensity 
were all assessed to compare the painful and non-painful 
sides [34]. Paraspinal muscles features may be quantified 
using the software packages Osirix and Image J���������� [35]�����. Im-
aging can also aid with postoperative lumbar spine assess-
ment  [38]. The fatty degeneration extent in  [61] aided in 
determining the mean densities of all paraspinal muscles 
for all age groups, which led to a better knowledge of fatty 
infiltration. Researchers in [62] used kinematic MRI anal-
ysis to examine the relationship between lumbar muscle 
deterioration and spinal degenerative diseases utilizing the 

Figure 5.  Flexion-extension phenomenon (C. J. COLLOCA & al., 2005 [27]).
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Lumbar Indentation Value (LIV) as a quantitative variable 
and the Gout Allier classification as a qualitative variable. 
The authors of [63] conducted research on paraspinal mus-
cle atrophy with or without internal screw fixation, using 
multivariate analysis to link age and fixation group. Fixa-
tion surgery was connected to higher muscle atrophy than 
non-fixation surgery [64]. Figure 6 shows the mean density 
of MF, ES, PS.

Conclusion
sEMG helps in acquiring a more precise knowledge of 

muscle activity variances. According to the data, CLBP at-
rophy was identified in the multifidus and paraspinal mus-
cles, but not in the erector spinae. There was no evidence 
of atrophy in RLBP or ALBP. Fat infiltration was not ob-
served in RLBP, however the results in CLBP were equivo-
cal. In the paraspinal muscles, CLBP indicated no changes 
in fiber type. In individuals with any type of degenerative 
disc herniation, paraspinal muscular atrophy, which has a 

strong link to spinal stenosis, is prevalent. Because people 
with LBP seldom display signs of nerve or muscle damage, 
SEMG might provide essential information on evolution of 
the disease. Whether these metrics are practical and easy to 
gather in clinical settings, as well as which measurement 
combination is best for detecting LBP, requires more study. 
To better understand the causes of SEMG abnormalities 
in LBP and how to treat them, as well as to understand 
the significance of the association between the side of the 
disc herniation and unilateral or dominant paraspinal mus-
cle atrophy on the same side, also requires further inquiry. 
This will enable these patients’ therapeutic therapy to con-
centrate on workouts for unilateral muscle strengthening. 
Regional variations in the lumbar spine and the potential 
for subgroups with varied movement styles should both 
be considered when analyzing coordination in people with 
low back pain. Multifidus had the most flexion-relaxation 
changes; hence it should be considered while evaluating 
this construct.
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Abbreviations
ANOVA Analysis of Variance
AR Autoregressive Coefficients
ASD Adult Spinal Deformity
BAA Bland-Altmann Analysis
BOLD Blood Oxygen Level Dependent
cLBP Chronic Low Back Pain
CNS Central Nervous System
CSA Cross Section Area
CT Computer Tomography
CWT Continuous Wavelet Transform
DECT Dual Energy Computer Tomography
DFTF Finger to Floor
EMG Electromyography
ES Erector Spinae
FCSA Functional Cross-Sectional Area
FIP Fatty Infiltration Package
FMD Frequency Median
f-MRI Functional Magnetic Resonance Imaging
FRP Flexion-Relaxation Phenomenon
FRR Flexion-Relaxation Ratio
HD-sEMG High Density surface Electromyography
ICC Intra Class Correlation
IEMG Integrated Electromyography
IMF Initial Median Frequency
IS Idiopathic Scoliosis
L3-L4 3rd and 4th level of lumbar region in spine
LBP Low Back Pain
LSS Lumbar Spinal Stenosis
MAV Mean Absolute Value
ODI  Oswestry Disability Index
MAVS Mean Absolute Value Slope
mERR Mean Extension-Relaxation Ratio
MF Multifidus
mFRR Mean Flexion-Relaxation Ratio

Figure 6. Mean density of (a) multifidus (MF)  (b) erector spinae 
(ES) (c) psoas major (PS) (S.-H. LEE & al., 2015 [61])
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MIS Minimally Invasive Surgery
MNF Median Frequency
MRI Magnetic Resonance Imaging
MU Motor Units
MVF Maximum Voluntary Force
MVIC Maximum Voluntary Isometric Contraction
NSCLBP Non-Specific Chronic Low Back Pain
OLIF Oblique Lateral Interbody Fusion
PMA Peroneal Muscle Atrophy
PSD Power Spectral Density
PUMC Peking Union Medical College
RMDQ Roland-Morris Disability Questionnaire
RMS Root Mean Square
SEM Standard Error of Measurement
SMI Skeletal Muscle Mass Index
SPSS Statistical Package of Social Science
SRD Smallest Real Difference
SSI Simple Square Integral
STFT Short Time Fourier Transform
USWE Ultrasonic Shear-Wave Elastography
VAR Variance
VAS Visual Analogue Scale
VL Vastus Lateralis
WL Waveform length
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Introduction
Schizophrenia is a severe chronic mental illness that af-

fects up to 1% of the global population. It’s a complex and 
multifaceted psychiatric condition that hinders social, occu-
pational, and individual functioning and results in a deterio-
ration in the patients’ standard of life. This condition typi-
cally appears in late adolescence or early adulthood. Positive 
symptoms (e.g., hallucinations, delusions, disordered think-
ing, catatonic behavior), negative symptoms (e.g., social 
withdrawal, anhedonia, avolition, neglect of hygiene), and 
cognitive disturbances (e.g., in attention, executive func-
tioning, and memory) are common in schizophrenia [1, 2].

The mechanism and etiology of schizophrenia are still 
poorly understood. Even so, it is generally recognized as 
a composite neurodevelopmental disorder influenced by 
genetic and environmental factors  [3, 4]. It has been dis-
covered, in particular, that monozygotic siblings of schizo-
phrenics have a 50–80% probability of contracting the ill-
ness. Additionally, aberrant synaptic connections between 
various brain regions and inadequate brain maturation are 
also demonstrated [5]. It’s interesting to note that more and 
more studies are arguing that oxidative stress has a role in 
the pathophysiology of schizophrenia [2, 6].

According to clinical research, first-generation or atypi-
cal conventional antipsychotics have some efficacy in re-
ducing positive symptoms but are ineffective in reducing 
negative symptoms and cognitive deficits in schizophrenia 
patients. However, many drugs have significant adverse ef-
fects that limit their usefulness. Particularly, negative effects 
on the motor system (Parkinsonism) are linked to the use 
of conventional neuroleptics (such as chlorpromazine and 
haloperidol). On the other hand, the usage of atypical antip-
sychotics (such as clozapine, olanzapine, and risperidone) 
results in weight gain rather than Parkinsonism. Addition-
ally, 30% of patients are resistant to the therapy mentioned 
above. Collectively, these findings indicate that new drugs 
that could reduce the negative symptoms and cognitive de-
ficiencies that are typical of schizophrenia patients are ur-
gently needed [2, 7, 8].

The use of plant extracts and their bioactive elements 
as potential anti-schizophrenia drugs has recently been rec-
ommended as one of the many alternative therapies for the 
treatment of schizophrenia. In the current investigation, we 
aim to critically evaluate any potential therapeutic benefit 
of Crocus sativus and Withania somnifera extracts and their 
constituent parts for treating schizophrenia.

Methods
We have conducted searches for Crocus sativus and 

Withania somnifera extracts and their impact in pacients 
with schizophrenia. For the most part, information was 
taken from scientific journals, published between 2005 
and 2022 about the different strategies and methods used 
in makeing extracts with the plants mentioned before. The 
search keywords used were „withania somnifera biological 
constituents”; „withania somnifera compounds”; „withania 
somnifera schizophrenia”; „crocus sativus extract schizo-
phrenia”; „crocus sativus chemical constituents”; „crocus 
sativus extract”.

Results

Crocus sativus L. (Saffron)
Crocus sativus L. (CS) is a perennial herb that belongs to 

the Liliaceae line of the Iridaceae family and the genus Cro-
cus. Several nations, including Azerbaijan, China, France, 
Greece, Egypt, India, Iran, Israel, Italy, Mexico, Morocco, 
Spain, and Turkey, grow this plant. The final output of this 
plant is the spice saffron. The dried, deep-red stigmas of the 
CS flower are saffron, in filament form. Each bloom has 
three stigmata, each of which weighs about 2 mg. To obtain 
1 kilogram of spice, 150.000 flowers must be carefully cho-
sen. Saffron has a distinctive hue, flavor, and aroma. There 
have been many uses for saffron throughout history, from 
antiquity to the present. It is frequently used as a perfume 
and as a spice to flavor and color food and beverage prepara-
tions. Saffron is still typically consumed by adding it to food 
or any hot or warm beverage [9, 10].

Chemistry of CS
We can mention the stamens, perianth, and stigma as the 

chemical components of the plant. They contain the follow-
ing:

A total of 46 components were found in stamen of which ▪▪
8 compounds were in a higher percentage  4-hydroxy-
dihydro-2-(3H)-furanone (22.01%), hexadecanoic acid 
(12.09%), tyrosol (7.52%), benzeneacetic acid (5.23%), 
linolenic acid (4.96%), linoleic acid (3.86%), 1-docosene 
(3.85%), and vitamin E (3.63%) [11].
 For perianth a total of 50 compounds were found, from ▪▪
which 4 compounds were in a hihger percentage 4-hy-
droxydihydro-2(3H)-furanone (22.12%), hexadecanoic 
acid (18.14%), linolenic acid (7.73%) and stigmasterol 
(4.20%) [11].
And for stigma 34 components of which 6 compunds ▪▪
were in higher percentage 1,3,3-trimethyl-2-vinyl-1-
cyclohexene (22.36%), diisooctyl phthalate (14.77%), 
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hexadecanoic acid (9.48%), cis-9,cis-12-octadecadienoic 
acid (7.49%), 4-hydroxy3,5,5-trimethyl-2-cyclohexen-1
-one (4.74%) and stigmasterol (3.31%) [11].

The effect of CS extracts and different compunds 
in schizophrenia and depression

Norbala et al. created the pills from Novin Zaferan Co. 
in Mashhad, Iran, which donated the saffron utilized in this 
study, and the Department of Cultivation and Development 
at the Institute of Medicinal Plants in Tehran, Iran, recog-
nized it. Stigma is the component of Crocus sativus that is 
used as an addition and a herbal remedy. The extract from 
the stigma was made as follows: In three steps of percola-
tion, 120 g of dried and ground stigmas were combined with 
1800 ml of 80% ethanol. The ethanolic extract was then 
dried by evaporation at a temperature between 35 and 40 °C. 
Each capsule contained lactose as a filler, magnesium stear-
ate as a lubricant, dried saffron extract (15 mg), and sodium 
starch glycolate as a disintegrant [12, 13].

In this modest preliminary double-blind and randomized 
study, Norbala and his team compared the efficacy of saffron 
at a similar dosage to that of fluoxetine in the treatment of 
mild to moderate depression.  The results showed no statisti-
cally important difference between the two substances [13].

The Fadai et al. clinical research, in which aqueous 
extract (SAE) and crocin were made using the procedure 
outlined in their prior investigations  [14, 15, 16], it’s the 
only one to recognize the impact of CS extract on patients 
with schizophrenia. Crocin or SAE were put into identical 
capsules. Each crocin capsule has 15 mg dried crocin, and 
each saffron capsule included 15 mg dried SAE. Vehicle-
filled placebo capsules were also used [14, 15, 16]. In the 
case of using Crocus sativus extract in combination with 
the antipsychotic olanzapine, it had a beneficial effect in 
the case of metabolic syndrome (including hyperglycemia, 
triglyceridemia, decrease in HDL and cardio metabolic 
risk) [17, 18, 19].

Withania somnifera (WS)
There are 23 species in the Withania genus (Solan-

aceae), the majority of which are found in North Africa, 
the Canary Islands, Southern Europe, and Asia [20, 21, 22, 
23, 24].  Two of the recognized species, Withania som-
nifera (L.) Dunal and Withania coagulans (Stocks) Dunal, 
are of enormous economic significance and are also pri-
marily grown because of their broad use in natural medi-
cine  [8]. The majority of both species are grown in sub-
tropical areas of India. W. somnifera, however, even has a 
bigger economic impact [25, 26]. Withania adpressa Cors. 
is also an endemic species in Morocco and Algeria [27], de-
spite the fact that the morphological form and phytochemi-

cal makeup of these plants might vary depending on their 
geographic distribution [22, 28].

Chemestry of Withania somnifera

We describe some of the most significant withanolides 
isolated from Withania spp. despite the fact that they have 
been extensively reported by several research, taking into 
account their abundance, bioactive effects, and represen-
tative structures, respectively. Misra et al.  [29] reported 
withanolide A, withanolide B, 27-hydroxy withanolide B, 
withanolide D, withaferin A, 16β-acetoxy-6α, 7α-epoxy-5α-
hydroxy-1-oxowitha-2, 17 (20), 24-trienolide, 5, 7α-epoxy-
6α, 20α-dihydroxy-1-oxowitha-2, 24- dienolide along with 
common steroids, β-sitosterol and sitosterol, and their glu-
cosides in W. somnifera. Withanoside I to VII, numbered 
from withanoside I to 7, were isolated by Matsuda et al. [30] 
from the roots of W. somnifera, with class VI being the most 
prevalent. Similar to this, Bessalle and Lavie [31] isolated 
from dried leaves of W. somnifera two chlorinated withano-
lides, withanolide C and 4-deoxyphysalolactone [28].

The effect of Withania somnifera extract in 
schizophrenia

To get the best withanolides and aglycone concentrations 
devoid of impurities, Chengappa et al. employed a brevet-
ed method [32]. The WS 250 mg and a number of inactive 
substances were present in the tablets produced as a conse-
quence of this method and employed in the aforementioned 
investigation. The trial subjects first took 2 tablets daily for a 
total of 500 mg throughout the first week. Additionally, they 
got 4 tablets, totaling 1000 mg/day, twice daily throughout 
the second week of the trial. According to Chengappa et 
al.’s findings, the PANSS scale score at the conclusion of the 
therapies was favorable, improving, but only in the event of 
an adjuvant therapy [33].

The method of extraction, the dosage of WS, the test du-
ration of 12 weeks, and other factors were the same as those 
used in Chengappa and his team’s experiment given by Gan-
non et al. At the beginning of the second week of therapy, 
the dosage is also increased. Their studies aims were similar 
to one others in wich patients with schizophrenia are moni-
tored for symptoms of depression and anxiety. Additionally, 
the adjuvant WS pill therapy was good for the PANSS read-
ings.

Discussion
It is worth mentioning that the scientific community is 

increasingly addressing the issue of plant extracts to obtain 
new treatments for neurodegenerative diseases. Although 
many of the studies addressed present unique processing 
methods of CS and WS extracts, it must be taken into ac-
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count that the number of clinical researches on these extracts 
are very limited. In the case of depression and anxiety in 
the case of schizophrenia, the replications carried out by re-
searchers are valuable and the way of working to obtain pills 
with WS is meticulous. However, this type of pill can be 
used strictly in adjunctive therapy, for depression and anxi-
ety in the case of patients with schizophrenia.

Interesting is the abundance of scientific materials in 
animal models, a good example of animal models is that of 
Gupta and her team on anxiety induced in mice and treated 
with WS extract, diazepam or a combination thereof, which 
reduced anxiety behaviors and social isolation in mice [38].  
Moreover, similar effects have been observed in traditional 
Chinese medicine, where local herbal preparations help pa-
tients with schizophrenia in the negative or positive symp-
toms they may present. This aspect is however only within 
adjunctive treatments [35]. Also a study carried out by the 
same team made a comparison only between the plant ex-
tract and antipsychotic and the participants with antipsy-
chotic had positive and negative symptoms and a better state 
of health than by the herbal treatment only group [34].

The clinical study conducted by Norbala and his team 
is a promising one, although the data of this nature are 
very limited and must be viewed in the context of the study 
conducted by him. But what is worth mentioning is that 
similar results were obtained in animal models such as the 
mouse [36], on the plant extract Olax subscoripiodea being 
a shrub of African origin. Another laboratory study on mice 
showed the anxiolytic and antidepressant effect of the plant 
Maerua angolensis [37]. Thus, we can mention that the im-
portance of plant extracts for treating depression and anxiety 
can be promising for finding new ways to treat depression in 
patients with schizophrenia.

Conclusions
Although there are notable clinical studies for the capa-

bilities of Crocus sativus L. and Withania somnifera plant 
extracts, future studies are needed to form a more complete 
picture of the importance of plant extracts in the treatment 
of schizophrenia. The plant extracts could be used as adju-
vant therapy for patients with schizophrenia in the context of 
depression and anxiety simptomsbut also the possibility of 
other positive or negative symptoms in schizophrenia. 
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Abstract

Keywords

 In this study, the anti-tumoral effect of S. platensis was investigated in Balb-c mice with EAT 
(Ehrlich Acid Tumor). S. platensis was applied in the form of 200 mg/kg and 800 mg/kg concentrate. 
Blood taken from mice was separated into their serum and TAL (Total Antioxidant Level), TOL (Total 
Oxidant Level), ALT (Alanine Aminotransferase) and AST (Aspartate Aminotransferase) parameters 
were studied. Kidney, stomach, small intestine and large intestine tissues of the sacrificed subjects 
were removed and evaluated pathologically. As a result, when the biochemical values of S. platensis  
activity and control groups were compared statistically there was no statistically significant difference, 
excepting TOL. Also, in the pathological evaluation, the spread of the tumor in organs such as the large 
intestine and stomach was statistically significantly different.
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Introduction
Microalgae are phototrophic microorganisms with anaer-

obic metabolism [1] algae; Since they are the primary pro-
ducers of watery environments, they form an organic food 
source for heterotrophic organisms, and they also provide 
oxygen to the environment by photosynthesis. S. platensis is 
a prokaryotic organism consisting of filamentous (helical), a 
few millimeters long, 3-12 μm thick cylindrical cells from 
the Cyanophyceae (Blue-green Algae) class [2]. S. platensis 
is an economically important algae containing 60-70% pro-
tein. It is also very rich in terms of vitamins (provitamin A, 
B12) and minerals (Fe, Ca, Mg) and organic coloring sub-
stances (green chlorophyll, phycocyanin, carotenoids). Due 
to the absence of cellulose membrane, it is easily digestible 
and has no toxic effects. S. platensis is the most widely used 
cyanobacteria and has been extensively studied in the medi-
cal and food industries [5]. Due to its high protein, minerals 
and vitamins, it can be used as a supplement in the treatment 
of many diseases [3]. In addition to its rich nutritional con-
tent, it also exhibits anti-inflammatory, anti-oxidative stress 
and immune-enhancing properties [6] and [7]. In fact, sever-
al studies have concluded that dietary Spirulina is helpful in 
the treatment and prevention of diabetes, diabetic nephropa-
thy, hypercholesterolemia, and cancer [8] and [9]. Spirulina 
is widely researched in the pharmacological field due to its 
anti-inflammatory, antioxidant and anticancer effects  [10] 
and [11]. It has been reported that Spirulina has an effect on 
the humoral and cellular immune system, stimulates lym-
phocytes in the blood [12], and increases the production of 
IgM antibodies in the spleen [13].

Hayashi & al. (1994  [23] reported that Spirulina pro-
tected from viral infections in cultured human and monkey 
cells. The antitumoral activity of marine algae was first 
studied by Nakazawa in aqueous extracts. It has been re-
ported that the polysaccharide content of aqueous extracts 
is associated with antitumor activity [14]. Spirulina contains 
water-soluble photosynthetic protein-pigment complex with 
high antioxidant effect such as C-phycocyanin. In our study, 
the antitumoral activity of spirulinas produced in shössler 

medium in summer season conditions in Yalova University 
Armutlu Vocational School was evaluated.

Materials and methods

Balb – c Procurement of mice
In our study, 46 male Balb-c mice weighing 20-35 g were 

used. Experimental animals were provided by Gaziantep 
University Experimental Animals Research Center and were 
fed with standard pellet feed and water, providing a 12-hour 
day/night period at 25 ⁰C room temperature. After the ap-
proval of our study by Gaziantep University Experimental 
Animals Ethics Committee dated 24/04/2019 and numbered 
95, all of the studies on animals were carried out at Gaziantep 
University Experimental Animals Research Center

EAT Tumor model 
The EAT cell was obtained from Istanbul University 

Aziz Sancar Experimental Medicine Research Institute Lab-
oratory Animals Department and brought to our laboratory 
by maintaining the cold chain. The EAT cells obtained from 
the tumor-formed stock animal were taken from the mouse 
and transferred to the mice in the Spirulina Treatment (200 
mg/kg), Spirulina Treatment (800 mg/kg), 5-fluorouracil (20 
mg/kg) and Control (EAT+H₂O) groups to be used in the 
study. .05 ml was injected i.p.

In the study, 7 groups were formed, each of which in-
cluded 6 animals.

Assessment of blood samples 
At the end of the application, cardiac blood was collected 

from all animals with a heparinized syringe. Serum was ob-
tained from the blood taken, and TOL, TAL, ALT and AST 
levels were studied in order to determine the oxidant level in 
the serum. TAL and TOL levels were studied using the Rel 
Assay Diagnostics-TAL-TOL Assay Kit [21] and [22]. ALT 
and AST parameters were also studied using a kit from se-
rum obtained to determine the blood value of liver damage.

The 7 groups formed in the study
Groups Way of delivery Amount of delivery Time

1 Spirulina platensis (200 mg/kg) hesitation 0,03 ml (in distilled water ) 10 days
2 Spirulina platensis (800 mg/kg) hesitation 0,03 ml (with distilled water) 10 days
3 Spirulina platensis (200 mg/kg) + 

EAT
hesitation 0,03 ml (with distilled water) 1. day EAT- from 7 to 4 days  Spirulina 

platensis
4 Spirulina platensis (800 mg/kg) + 

EAT
hesitation 0,03 ml (with distilled water) 1. gün EAT- 7 days from day 

4Spirulina platensis
5 5-fluorouracil (200 mg/kg) + EAT i.p 20 mg/kg 1. day EAT- 7 days from day 4  

5-fluorouracil
6 Control d(H₂O) + EAT hesitation 0,03 ml 1. day EAT- 7 days from day 4 distilled 

water
7 Control d(H₂O) hesitation 0,03 ml 10 days
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Histopathology
After undergoing routine tissue follow-up procedures 

with ethanol and xylene solutions at the Laboratory of the 
Department of Pathology of Gaziantep University Research 
Hospital, the blocking process was performed in paraffin. 
The prepared blocks were divided into sections with a thick-
ness of 5µm and taken on lams as picture 1. Subsequently, 
the xylene evaporation process and the hydration process 
with ethanol were performed. 

At the end of the study, small intestine, large intestine, 
stomach and kidney tissues were removed from the animals 
and placed in 10% formaldehyde. Then, the tissue was fol-
lowed and the sections were taken and the preparation was 
prepared by staining with the “hematoxylin-eosin” method. 
The prepared preparations were evaluated by the pathologist 
with the help of a light microscope to determine whether 
there was tumor development in the tissues and the metasta-
sis status of the tumor. Histopathological studies were car-
ried out in Gaziantep University Research Hospital Pathol-
ogy Department Laboratory.

Statistical Analysis 
Statistical analyzes were performed according to the 

SPSS 21 program. Results were expressed as standard de-
viation or as a percentage. The t-test was used to measure the 
effect values ​​on the groups, and the ANOVA test was used 
to reveal the differences between the groups. The p values ​​of 
all statistical tests were two-sided and p<0.05 was consid-
ered statistically significant.

Results 
When the analysis results are examined, the differences 

in biochemical parameters between the tumor-free groups 
given different doses of spirulina (200 mg/kg and 800 mg/
kg) are as shown in Table 1. When the values ​​were com-
pared, it was determined that there was no statistically sig-
nificant difference. (p>0.05)

When the groups given only different doses of spirulina 
(200 mg/kg and 800 mg/kg) were compared with the control 
group (Table 2), it was determined that there was no statisti-

cally significant difference in terms of TAL, TOL, OSI, ALT, 
AST values. (p>0.05)

It was determined that there was no statistically signifi-
cant difference between TAL, ALT, AST (p>0.05) values ​​in 
the treatment groups given different doses of EAT + spir-
ulina (200 mg/kg and 800 mg/kg) (Table 3). However, it 
was determined that there was a statistically significant dif-
ference between these two groups in terms of TOL values ​​
(Table 3) (p<0.05).

There was no statistically significant difference in terms 
of TAL, TOL, OSI, ALT, AST values ​​(Table 4) between the 
tumor and the treatment groups given different doses of spir-
ulina (200 mg/kg and 800 mg/kg) and the tumor animals 
given 5-fluorouracil. determined (p>0.05).

When EAT+ Spirulina 200 mg/kg, EAT + Spirulina 800 
mg/kg, EAT+ 5-fluorouracil and tumor-free healthy animals 
were compared, it was determined that there was no signifi-
cant difference (p>0.05).

Histopathological Examination of EAT
At the end of the experiment, animals in all groups were 

sacrificed and the stomach, kidney, large intestine and small 
intestine tissues were removed by removing the ambuloc. 
All tissues were kept in 10% formaldehyde for 24 hours, 
then passed through different concentrations of alcohols and 
xylol and fixed within 24 hours. Then, tissue sections of 4 
micron thickness were taken from the tissue samples pre-
pared with paraffin blocks and deparaffinization process was 
applied. Afterwards, the samples stained with hematoxylin 
were cleared in xylol and evaluated under Nikon brand light 
microscope.

Preparations prepared from tissues were examined his-
topathologically. At the end of these examinations, tumor 
invasion was found in the kidney, stomach, large intestine 
and small intestine tissues in the groups given the tumor, and 
the tumor was evaluated by scoring method. The percent-
age of presence in the organs is accepted as 0, since there 
is no presence of tumor in the groups in which no tumors 
are formed. The extent of spread in organs of all groups is 
shown in Table 6.

According to the results of our analysis, the spread of 
EAT on the large intestine and stomach tissue was found to 
be statistically significant. (p<0.05). As a result of the Dun-
nett test, which was performed to determine which group 
the EAT spreads were in favor of, it was determined that 
the EAT spreads in the animals treated with Treatment and 
5-fluorouracil were significantly lower than the control 
group (EAT+H2O).

The spread of EAT on the small intestine and kidney tis-
sues was not statistically significant. (p>0.05). However, the 

Figure 1: A frame from an image of tissues prepared for 
examination under a light microscope.
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Table 1 -  TAL– TOL, OSI and ALT – AST values ​​of the groups given only spirulina (1st and 2nd Group)
Groups TAL (mmol/L) TOL (mmol/L) Oxidatif stres index ALT (U/L) AST (U/L)
1. Group 0,47 ± 0,37 0,0132 ± 0 3,98 ± 2,03 43,83 ± 10,83 389,67 ± 128,9
2. Group 0,26 ± 0,07 0,0116 ± 0 4,66 ± 1,09 48,25 ± 23,13 458,25 ± 299,3
p value 0,321 0,172 0,562 0,69 0,626

Table 2 -  TAL – TOL, OSI and ALT – AST values ​​of only spirulina given (1st and 2nd Group) and Control (6th Group) 
groups

Groups TAL (mmol/L) TOL (mmol/L) Oxidative stres ndex ALT (U/L) AST (U/L)
1. Group 0,47 ± 0,37 0,0132  ± 0 3,98 ± 2,03 43,83 ± 10,83 389,67 ± 128,9
2. Group 0,26 ± 0,07 0,0116 ± 0 4,66 ± 1,09 48,25 ± 23,13 458,25 ± 299,3
6. Group 0,47 ±0,19 0,01 ± 0,01 2,06 ± 1,58 46,5 ± 10,21 412,25 ± 186,95
p value 0,407 0,456 0,066 0,888 0,867

Table 3-  Group 3 and 4 TAL – TOL, OSI and ALT – AST values

Groups TAL (mmol/L) TOL (mmol/L) Oxidative stres 
index ALT (U/L) AST (U/L)

3. Grup 0,655 ± 0,75 0,0132 ± 0,001 3,47 ± 1,77 36,67 ± 14,39 449,83 ± 204,42
4. Grup 0,3131 ± 0,08 0,0116 ±0 3,88 ± 0,093 38,2 ± 6,72 473,2 ± 73
p değeri 0,34 0,043 0,656 0,832 0,815

Table 4 - Group 3,4 and 5 TAL – TOL, OSI and ALT – AST values

Groups TAL (mmol/L) TOL (mmol/L) Oxidative stres 
index ALT (U/L) AST (U/L)

3. Group 0,655 ± 075 0,0132 ± 0 3,468 ± 1,77 36,667 ±14,4 449,83 ± 204,4
4. Group 0,313 ± 0,08 0,0116 ± 0 3,876 ± 0,93 38,2 ± 6,72 473,2 ±73
5. Group 0,377 ± 0,23 0,0138 ± 0 4,743 ±2,47 44,25 ± 13,9 468 ± 61,42
p value 0,502 0,061 0,55 0,627 0,96

Table 5: Group 3, 4.5 and 7 TAL – TOL, OSI and ALT – AST values

Groups TAL (mmol/L) TOL (mmol/L) Oxidative stres 
index ALT (U/L) AST (U/L)

3. Group 0,655 ± 0,75 0,013 ± 0 3,4681 ± 1,77  36,67 ± 14,4 449,83 ± 204
4. Group 0,313 ± 0,08 0,012 ± 0 3,8758 ± 0,93 38,2 ± 6,72 473,2 ± 73
5. Group 0,377 ± 0,23 0,014 ± 0 4,7427 ± 2,47 44,25 ± 13,9 468 ± 61,42
7. Group 0,36 ± 0,06 0,01 ± 0 4,07 ± 0,3 33,5 ± 3 422 ± 62,76
p value 0,587 0,081 0,67 0,578 0,938

Table 6 -  EAT tumor spread in the small intestine, large intestine, stomach, and kidneys

Name of group

Large intestine Small intestine Stomach Kidney
Mean 
Organ 

Spread %

Result of 
pathology

Mean 
Organ 

Spread %

Result of 
pathology

Mean 
Organ 

Spread%

Result of 
pathology

Mean 
Organ 

Spread%

Result of 
Pathology

Spirulina (200 mg/kg) 0 (-) 0 (-) 0 (-) 0 (-)
Spirulina(800 mg/kg) 0 (-) 0 (-) 0 (-) 0 (-)

EAT + Spirulina (200 mg/kg) 7 (+) 8 (+) 21 (+) 13 (+)
EAT + Spirulina (800 mg/kg) 10 (+) 13 (+) 30 (+) 19 (+)

EAT + 5-Fluorouracil 6 (+) 8 (+) 14 (+) 14 (+)
Control (EAT+H₂O) 11 (+) 14 (+) 38 (+) 23 (+)

Control (H₂O) 0 (-) 0 (-) 0 (-) 0 (-)

Table 7 -  Evaluation of EAT in Groups with Tumor (Group 3: EAT+ Spirulina 200 mg/kg, Group 4: EAT+Spirulina 800 
mg/kg, Group 5 EAT+ 5-fluorouracil and Group 6: EAT+ H₂O)

Group
Large intestine Small intestine Stomach Kidney

Organ involvement average % Organ involvement average % Organ involvement average % Organ involvement 
average %

3. Group 6,67 ± 2,58 8,33 ± 4,08 20,83 ± 15,94 13,33 ± 5,16
4. Group 11 ± 4,18 14 ± 8,94 30 ± 6,12 19 ± 10,25
5. Group 6,25 ± 2,50 7,50 ± 2,89 13,75 ± 4,79 13,75 ± 6,29
6. Group 11,25 ± 2,50 13,75 ± 17,5 37,50 ± 10,41 22,50 ± 10,41

p 0,039 0,615 0,034 0,304
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difference between the mean spreads of EAT in the kidney 
tissue was found to be statistically significant. For this rea-
son, Dunnett’s test was performed to determine which group 
favored the spread of EAT in the kidney tissue. As a result 
of the test, it was determined that the EAT spreads in the 

animals treated with treatment and 5-fluorouracil were sig-
nificantly lower than the control group (EAT+H2O).
    Kidney, small intestine, large intestine and stomach tissue 
sample sections of EAT and Control groups in Table 6 and 
Table 7 (H&E X 100)

Picture 1: Kidney (with EAT) Picture 2: Kidney (Control)

Picture 3:Small intestine (with EAT) Picture 4: Small intestine (Control)

Picture 5: Large intestine (with EAT) Picture 6: Large intestine (Control)

Picture 7: Stomach (with EAT) Picture 8: Stomach  (Control)
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Discussion
Microalgae have been one of the main food and liveli-

hood sources of people for many years in many countries 
due to their organic growth and development in aquatic en-
vironments (seas, lakes, fresh waters) and their rich food 
content [20] and J. Subhashini & al., 2004 [11]. While it is 
used as a nutritional supplement for humans, it is also ac-
tively used as animal feed in the poultry industry and aqua-
culture [20]. The use of microalgae in treatment began with 
the history of humanity. Thousands of years ago, people 
learned the therapeutic aspect of algae and benefited from 
them to lead a healthy life. As a result of studies on algae 
used in pharmacy and medicine, spirulina’s enhancing ef-
fects on antimicrobial, cytotoxic, anti-mitogenic, anticancer 
and anti-tumoral activities were mentioned [1]. Noda et al. 
They examined the antitumor activity of polysaccharide and 
lipid parts of 24 different algae species against EAT and de-
termined that some species showed significant effects. 

Research on compounds with antitumor effects from al-
gae continues  [16] and  [17]. In this study, EAT modeling 
of S. Plantesis algae produced in Yalova University Algae 
Production Unit was created and its anti-tumoral activity 
and biochemical effects were investigated in vivo on Balb-c 
mice. Barakat et al. In a study conducted in 2015, they de-
termined the minimum and maximum dose (200 mg/kg, 800 
mg/kg) for EAT to be similar to human breast tumor and 
for the anticancer activities of Spirulina platensis. When S. 
platensis or anti-tumoral activity studies in different species 
were examined, it was reported that spirulina was given by 
gavage method. When the group given 5-Fluorouracil was 
compared with the control group, it was observed that the 
tumor volume decreased. No significant decrease in tumor 
volume was observed in the groups given 200 mg/kg and 800 
mg/kg S. platensis compared to the control group. has been 
observed to decrease significantly [18]. In our study, when 
the 5-Fluorouracil, S.platensis, 200 mg/kg and 800 mg/kg 
groups were compared, the EAT spread of the 5-Fluorouracil 
group and the 200 mg/kg S.platensis group gave significant 
results in the stomach and large intestine. The anti-tumoral 
activity of S.platensis is in parallel with this study.

Jiang et al. The effect of phycocyanin obtained from 
Spirulina on tumor progression and metastasis potential on 
rats with colon cancer by DMH was investigated. As a result 
of the study, it was observed that after the rats were induced 
with DMH, the number and size of tumors/lesions were 
reduced in those treated with phycocyanin. In our study, 
spirulina was given as a whole without being separated into 
its components. Also, Jiang et al. While colon cancer was 
formed on rats with DMH in our study, tumor formation was 

achieved with EAT in our study. As a result of the histo-
pathological study, it was observed that the spread of EAT 
tumor in the large intestine was statistically significantly 
lower in the treatment groups given spirulina 200 mg/kg. 
Both studies show that spirulina is effective against cancer 
in the large intestine.

Ouhtit & al. (2014 [19] investigated the chemical inhibi-
tory effect and underlying mechanisms of action of Spirulina 
against mammary carcinogenesis on 7,12-dimethylbenz[a]
anthracene (DMBA)-induced female albino rats. It has been 
reported that Spirulina cleared DMBA-induced rat mamma-
ry tumors, which was clearly confirmed by morphological 
and histological methods, and Spirulina supplementation re-
duced the incidence of mammary tumors from 87% to 13%. 
In our study, tumor formation was achieved by administer-
ing EAT, which is similar to human mammary tumors, on 
Balb-c mice. As a result of the histopathological examina-
tion performed in the treatment group with Spirulina, which 
we gave at a dose of 200 mg/kg, it was observed that the 
spread of EAT tumor in the large intestine and stomach de-
creased, and Spirulina was found to be effective against the 
tumor. In our previous study, the effectiveness of phycocya-
nins obtained from spirulina produced in Yalova University 
Algae unit was investigated against EAT tumor cells, and it 
was found that antioxidant levels were higher in the treat-
ment groups compared to the control [24]. In our study, sig-
nificant differences were found between oxidant levels in 
the treatment group. Again, in our study with phycocyanin, 
at the end of the pathological evaluations (200 mg) phyco-
cyanin was determined to be effective against EAT in both 
treatment and protection groups, and in our current study, a 
statistical difference was found in the spread of the tumor in 
the large intestine and stomach organs.

In this study, in which the antioxidant and hepatoprote-
ctive effects of Spirulina platensis were evaluated in deter-
mining the in-vivo anti-tumoral activity; The biochemical 
parameters of the spirulina groups created to measure the 
value of Spirulina depending on the dosage effect on nor-
mal mice were compared and it was found that it was not 
statistically significant. When we compared the biochemical 
parameters of the control group with spirulina in different 
dosages, differences were observed, but it was not found 
statistically significant. The biochemical parameters of the 
treatment groups at different dosages were compared and 
were not found to be statistically significant, but the diffe-
rences in TOL values ​​were found to be statistically signifi-
cant. Differences in biochemical values ​​ (TAL, TOL) were 
found between Spirulina treatment groups, 5-fluorouracil 
and Control groups, but it was not found to be statistically 
significant.
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In the histopathological examination (large intestine, 
small intestine, stomach, kidney) of Spirulina, treatment 
groups, 5-fluorouracil and control groups, it was observed 
that there were differences in the spread of EAT in the or-
gans.

In the histopathological examination of the group in 
which we gave S. platensis at a dosage of  200mg/kg, EAT 
spreads were found to be statistically significantly lower in 
the stomach and large intestine. In the kidney, it was found 
statistically significant when the mean spread of EAT was 
taken.

The fact that spirulina causes a decrease in oxidant para-
meters and the spread of EAT in the stomach and intestines 
is less than the control group shows that spirulina has an 
inhibitory effect on EAT spreads.
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Abstract

Keywords

In this research, a total of 90 raw vegetables (spinach, broccoli, lettuce, parsley, arugula, purslane, 
garden cress, scallions, and mushrooms) were used as materials, each of the vegetables included 10 
samples obtained from different producers and district bazaars in Burdur province. Listeria spp. was 
detected in 9 (10%) of a total of 90 vegetable samples. However, none of the 9 isolated Listeria spp. 
from this study is classified as L. monocytogenes. Antibiotic susceptibility testing by disc diffusion 
method showed that 100% of the isolates were susceptible to ampicillin and penicillin G while the 
highest resistance has been found against meropenem and erythromycin (88.88%), and trimethoprim-
sulfamethoxazole (66.66%). In conclusion, raw vegetables are considered to pose a hazard to food 
safety and public health due to Listeria species contamination.
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Introduction
People’s eating habits have changed as their interest in 

healthy living has increased, and their demand for green-
leafy vegetables and ready-to-eat salads prepared from 
vegetables has increased. From a nutritional point of view, 
vegetables are important low-calorie foods rich in vitamins, 
minerals, antioxidants, fibers, and bioactive compounds [1]. 
Leafy vegetables such as lettuce, spinach, and cabbage con-
tain nutrients that help protect against heart disease, stroke, 
and cancer [2]. Vegetables, besides having significant health 
benefits, play an important role in the transmission of food-
borne pathogens such as E. coli O157, Norovirus, Salmo-
nella, Listeria, and Cyclospora [2]. 

Listeria is a genus of bacteria that belongs to the List-
eriaceae family and has 21 species [3]. Listeria species can 
survive for long periods in various conditions such as low 
temperature (0-4oC), low water activity (<0.9), high salt (10-
40%), and a wide pH range (4.1-9.6)  [4, 5]. Listeria spp. 
is widely available in various environments due to its re-
sistance to harsh environmental conditions. In particular, L. 
monocytogenes is the most important foodborne pathogenic 
microorganism among the Listeria species [6]. L. monocyto-
genes causes listeriosis, an invasive disease leading to men-
ingitis, septicemia, miscarriage, or infection of newborns, as 
well as a noninvasive disease with flu-like symptoms  [7]. 
Susceptible populations such as adults aged 65 years and 
older, children under 5 years of age, individuals with weak-
ened immune systems, and pregnant women are more likely 
to contract the disease [2, 6, 7]. Although there are relatively 
small number of the reported listeriosis outbreaks, the mor-
tality rate after L. monocytogenes infection is high, reaching 
20% to 30% in the U.S. [8], and it is recognized as a major 
public health problem [9]. Besides L. monocytogenes, other 
Listeria spp. species are also reported to be virulent [6]. L. 
ivanovii and L. monocytogenes remain the most important 
species that cause listeriosis in animals and humans [10]. In 
fact, L. innocua is thought to also be virulent [10]. 

Several studies have reported that Listeria species iso-
lated from various foodstuff, animals, humans, and the envi-
ronment carry virulence genes and show resistance to many 
antibiotics [4, 9, 11, 12, 13, 14]. Most Listeria species were 
found to be resistant to ampicillin, rifampin, penicillin G, 
tetracycline, clindamycin, cephalothin, and ceftriaxone [13]. 
The widespread and uncontrolled use of antibiotics and their 
presence in the environment and in foodstuffs cause an in-
crease in bacteria and genes resistant to antibiotics, and this 
poses a risk for consumer health. In this perspective, moni-
toring of antibiotic resistance in Listeria species is a neces-
sity [15].

Foodborne pathogenic microorganisms are ubiquitous 
in different stages of vegetables from production to con-
sumption. Microorganisms can enter the food chain through 
insects, manure, water, dust, soil, decay of vegetation, and 
contaminate fresh food products [7, 16]. Foodborne diseas-
es associated with fresh vegetables have been reported to 
increase over the past three decades. The reasons for these 
increases include livestock husbandry close to the vegetable 
production areas, the use of animal waste and waste-contam-
inated waters for irrigation in the fields without any treat-
ment, the ability of microorganisms to remain on the prod-
uct for long periods of time, an increase in the number of 
immunocompromised persons and an increase in vegetable 
consumption [7].

In terms of the quantity and diversity of vegetable spe-
cies cultivated, Turkey ranks high among the world’s coun-
tries. Vegetable production is carried out in the form of open 
field and greenhouse production depending on the ecological 
conditions. Open field vegetable growing is carried out for 
table consumption and industrial production in all regions of 
Turkey in the form of small family-owned enterprises with-
out any protection measures in the fields  [17]. Fresh raw 
vegetables, especially ready-to-eat salads, are consumed 
raw without applying treatments that provide microbial 
inhibition [7]. To ensure food safety, vegetables are stored 
in cold warehouse facilities and washed with antimicrobial 
containing water solutions such as chlorine in commercial 
applications [16, 18]. However, it is reported that chlorine 
has limited antimicrobial activity if used at permissible lev-
els, and its excessive use is associated with the production of 
potentially toxic substances (trihalomethanes, haloacetic ac-
ids) [19]. In addition, washing leafy vegetables is not enough 
to destroy microorganisms. Microorganisms adhere to the 
surface of the leaves and enter into them. Therefore, the raw 
consumption of vegetables is a major cause of foodborne 
illness  [2]. The existence of Listeria species, especially L. 
monocytogenes in vegetables can pose serious health risks. 

Materials and Methods

Samples 
Raw vegetable samples were collected between April 

and July 2021 by random sampling method from different 
producers and district bazaars in Burdur province in the 
Mediterranean Region of Turkey. In this research, a total of 
90 raw vegetables were used as materials, 10 samples were 
collected for each vegetable that include spinach (Spinacia 
oleracea), broccoli (Brassica oleracea italica), lettuce (Lac-
tuca sativa), parsley (Petroselinum crispum), arugula (Eru-
ca vesicaria), purslane (Portulaca oleracea), cress (Lepidi-
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um sativum), scallions (Allium fistulosum) and mushrooms 
(Agaricus bisporus). Fresh vegetable samples were placed 
in sterile bags and brought to the laboratory under cold chain 
and analyzed within 24 hours.

Detection of Listeria spp. in Vegetable Samples by 
Cultural Method

Isolation and identification of Listeria species in this 
study were done according to ISO 11290-1:2017 stan-
dard [20]. For analysis, 25 g vegetable samples were taken in 
a sterile stomacher bag, 225 mL of Half Fraser broth (Oxoid 
CM0895) was added to it and homogenized for two minutes 
in a stomacher device (IUL Masticator) and incubated for 
25±1 hours at 30±1oC. At the end of the incubation period, 
0.1 mL was taken from the culture and added to the sec-
ond selective liquid enriched culture medium, Fraser broth 
(Oxoid CM0895), and incubated for 24±2 hours at 37±1oC. 
The pre-enrichment culture obtained because of the incu-
bation was inoculated on two selective mediums. First, it 
was inoculated onto chromogenic Listeria agar base (Merck 
1.00427.0500) and incubated for 48±2 hours at 37oC. Blue-
green colonies that were surrounded by an opaque halo and 
reproduce in the medium were considered typical L. mono-
cytogenes colonies, and non-opaque blue-green colonies 
were considered Listeria spp. However, some strains of L. 
monocytogenes that are exposed to stress conditions, espe-
cially acid stress, may show a very weak halo or do not form 
a halo at all. Oxford agar (Oxoid CM0856) was cultured as 
the second selective medium and incubated for 24±2 hours 
at 37±1oC. The formation of a blackish-green brown-black-
zoned collapse-centered colony with a diameter of 2-3 mm 
onto Oxford selective agar was evaluated as L. monocyto-
genes colonies. Suspicious colonies reproducing on selec-
tive medium were inoculated into non-selective Tryptone 
Soy Agar (TSA-YE) containing 0.6% Yeast Extract and 
incubated for 24±3 hours at 37±1oC. Later, the suspicious 

Listeria isolates were analyzed in terms of Gram staining, 
catalase, oxidase reaction, β-hemolysis, typical umbrella 
motility in SIM medium (Oxoid CM 435), H2S production, 
indole formation, carbohydrate tests (dextrose, maltose, 
mannitol, rhamnose, xylose, and sorbitol) [12, 21]. 

Confirmation of Listeria spp. by PCR

Genomic DNA Extraction

Genomic DNA isolation was done using the GeneJET 
Genomic DNA Purification Kit according to the manufac-
turer’s instructions (Thermo Scientific, K0721).

PCR Analysis

PCR identification of Listeria isolates detected as suspi-
cious by the cultural method was performed using different 
primer combinations derived from the iap gene that is spe-
cific for Listeria species [22, 23, 24]. In addition, the flaA 
(363 bp) gene, which is effective in the adhesion of flagella 
to the surface, and the luxS (208 bp) gene, which plays a pos-
itive role in biofilm formation, were examined. The genes 
used in PCR analysis and their primary sequences are given 
in Table 1. 

PCR Amplification and Electrophoresis 

Three µL of the extracted DNA was added to each of 
the PCR tubes. Six µL ddH2O (sterile nuclease-free water), 
0.5 µL forward primer, 0.5 µL reverse primer and 10 µL 
Ruby Taq Master (2x) Mix (Jena Bioscience, Germany) con-
taining Taq polymerase, nucleotides (dATP, dCTP, dGTP, 
dTTP), KCl, (NH4)2SO4), MgCl2, red stain, density reagent, 
enhancer and stabilizing additives were added to complete 
them to 20 µL. They were mixed by pipetting and the PCR 
mixture was brought to the ready-to-use state. 

Listeria spp. isolates identified by bacteriological meth-
ods were tested by conventional PCR assay. For Listeria 
spp. identification, iap gene was amplified using primer 

Table 1 - The genes and primer sequences used in PCR analysis.
Target gene Primer sequences (5’ → 3’) Product size 

(bp)
Reference

iap MonoA F: CAAACTGCTAACACAGCTACT
monoB R: GCACTTGAATTGCTGTTATTG

371 A. Bubert & al., 1992 [22]

iap UnilisA F: GCTACAGCTGGGATTGCGGT
Lis1B R: TTATACGCGACCGAAGCCAA

~1400 A. Bubert & al., 1997 [23]

iap Iva1 F: CTACTCAAGCGCAAGCGGCAC
Lis1B R: TTATACGCGACCGAAGCCAAC

1112 A. Bubert & al., 1999 [24]

iap Sel1 F: TACACAAGCGGCTCCTGCTCAAC
Lis1B R: TTATACGCGACCGAAGCCAAC

1099 A. Bubert & al., 1999 [24]

iap Wel1 F: CCCTACTGCTCCAAAAGCAGCG
Lis1B R: TTATACGCGACCGAAGCCAAC

1048 A. Bubert & al., 1999 [24]

iap Ino2 F: 5-ACTAGCACTCCAGTTGTTAAAC
Lis1B R: 5-TTATACGCGACCGAAGCCAAC

1017 A. Bubert & al., 1999 [24]

luxS F: GGAAATGCCAGCGCTACACTCTTT
R: ATTGCATGCAGGAACTTCTGTCGC

208 S.R. Warke & al., 2017 [26]

flaA F: GCGCAAGAACGTTTAGCATCTGGT
R: TTGAGTAGCAGCACCTGTAGCAGT

363 S.R. Warke & al., 2017 [26]
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pairs UnilisA and LislB. The PCR conditions were initial 
denaturation at 94°C for 3 minutes, then 30 cycles of de-
naturation for 1 minute at 94°C, annealing at 56°C for 45 
seconds, extension at 72°C for 45 seconds, and at the end of 
these processes, the amplicons were kept at +4ºC until the 
next stage [23]. The amplification of the MonoA and MonoB 
primer pair was performed in the conditions of initial dena-
turation for 4 minutes at 94ºC, then 30 cycles of denaturation 
for 45 seconds at 94ºC, annealing for 30 seconds at 55ºC, 
extension for 10 minutes at 72ºC, and at the end of these 
operations, the amplicons were kept at 4ºC until the next 
stage [22]. In the identification of other Listeria species, for 
Ino2 and Lis1B primer pairs a 45-second 30-cycle denatur-
ation of the at 94oC, annealing for 60 seconds at 62ºC, and 
a 45-second extension at 72°C were performed. For Sel1-
Lis1B, Wel1-Lis1B, and Iva1-Lis 1B primer pairs, 30 cycles 
of denaturation for 30 seconds at 95oC, 30 seconds of an-
nealing at 62°C, and 90 seconds of extension at 72°C were 
performed [25]. For luxS (263 BP) and flaA (363 bp) patho-
genicity genes, PCR conditions were an initial denaturation 
for 2 minutes at 94°C, then 30-second 35-cycle at 94ºC, an-
nealing for 30 seconds at 58ºC, and extension for 7 minutes 
at 72ºC, and the amplicons were kept at +4ºC until the next 
stage [26]. After amplification, 1.5% agarose gel containing 
1xTAE buffer was prepared (Prona Agarose, Biomax) and 
mixed with 10 mg/mL Ethidium Bromide (SNP Biotechnol-
ogy). Then, DNA Marker (GeneRuler 100 bp DNA Lad-
der, Thermo Scientific), positive control (L. monocytogenes 
ATCC 7644), negative control (distilled water), and sample 
amplicons were loaded into the wells in the gel. Electropho-
resis was performed for 1 hour at a current of 100 volts in the 
tank (Nyx Technik Voltronyx-V37, Taiwan). Then, the band 
formations were imaged through the UV-transilluminator 
(T12621D, Taiwan).

Antibiotics Susceptibility Test

Antimicrobial susceptibility tests of the isolates were 
carried out by disc diffusion method [27]. Listeria spp. iso-

lates were incubated in TSA (Oxoid CM 131) for 24 hours 
at 37°C. The cultures obtained after incubation were taken 
with loops and suspended in sterile tubes containing 5 mL 
of 0.85% physiological saline solution and adjusted to 0.50 
McFarland (108 CFU/mL) turbitide with a McFarland densi-
tometer device (Biosan, Lithuania). Thereafter, the prepared 
suspension was inoculated onto Mueller Hinton agar (MHA) 
(Oxoid 337) containing 5% defibrinated horse blood and 20 
mg/L β-NAD (Sigma-Aldrich, N6522) by streaking the ster-
ile swab over the surface, and then the antibiotic discs were 
placed. The following antibiotic discs (Bioanalyse, Türki-
ye) were used: ampicillin (AM, 10 μg), penicillin G (P, 10 
units), erythromycin (E, 15 μg), meropenem (MEM, 10 μg), 
and trimethoprim sulfamethoxazole (STX, 25 μg). Antibi-
otic discs were incubated at 35 ±1°C for 18 ±2 hours in 5% 
CO2, and inhibition halos were measured. Interpretation of 
antibiotic susceptibility was determined in accordance with 
the guidelines of the European Committee on Antimicrobial 
Susceptibility Testing  [28] for erythromycin, meropenem, 
trimethoprim sulfamethoxazole (L. monocytogenes), and the 
Clinical and Laboratory Standards Institute  [29] for ampi-
cillin and penicillin G (Enterococcus spp.). Streptococcus 
pneumoniae ATCC 49619 and Staphylococcus aureus ATCC 
25293 were used as control cultures for the disk diffusion as-
say. Multidrug resistant isolates were defined as those which 
exhibited resistance to three or more antimicrobial classes of 
antimicrobial tested [30].

Statistical Analyses
The statistical analyses were performed Minitab for 

Windows Version Release 16.1. (Minitab Inc., 2010). The 
chi-square test was used to assess the differences between 
proportions at a significance level of 0.05.

Results 
Nine (10%) of the 90 samples analyzed by the cultural 

method were presumed to be Listeria spp. Later, it was con-
firmed by PCR analysis that 9 of 9 isolates (100%) carried 

Table 2 - Prevalence of Listeria spp. in raw vegetables.
Samples n Positive 

Listeria spp.
n (%)

Listeria spp. positive isolates
n Isolates

nL. monocytogenes L. ivanovii L. seeligeri L. welshimeri L. innocua

Parsley 10 1(10) 0 0 1 0 0 1
Spinach 10 2(20) 0 2 1 1 1 5
Scallion 10 4(40) 0 0 1 2 2 5
Lettuce 10 0 0 0 1 0 0 1
Purslane 10 0 0 0 1 0 0 1

Cress 10 1 (10) 0 0 1 0 0 1
Arugula 10 1 (10) 0 1 1 1 1 4
Broccoli 10 0 0 0 1 0 0 1

Mushroom 10 0 0 0 1 0 0 1
Total 90 9 (10) 0 3 9 4 4 20

n: number of samples analyzed, a: At least one or more species were isolated from one positive sample.
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Listeria spp genes. Also, Listeria spp. was detected in 2 of 
spinach (20%), 1 of parsley (10%), 4 of scallions (40%), 1 of 
cress (10%), and 1 of arugula (10%). However, Listeria spe-
cies were not isolated in broccoli, mushrooms, lettuce, and 
purslane samples. The results on the prevalence of Listeria 
spp. in the analyzed sampled vegetable are given in Table 2, 
and the molecular identification of Listeria species by spe-
cific iap gene primers is shown in Figures 1-2. There was 
no statistically significant association between the type of 
vegetable surveyed and the presence of Listeria spp. (χ² = 
4.659; p > 0.05).

Multiplex PCR of luxS and flaA genes revealed that 4 of 
9 isolates (1 spinach, 3 scallions) harbored only flaA gene, 
whilst luxS and flaA genes were detected in 3 samples (spin-
ach, parsley, scallion) and these two genes were found to be 
absent in 2 vegetable samples (cress, arugula), the results 
being shown in Figure 3.

Antimicrobial resistance profiles of 9 isolates confirmed 
by PCR as Listeria spp. were examined. The antimicrobial 
resistance of Listeria spp. isolates is shown in Table 3. In the 
present study, there was no significant association between 
the different Listeria spp. isolates in terms of antibiotic re-
sistance (χ² = 6.750; p > 0.05). All 9 isolates (100%) were 
found to be susceptible to ampicillin and penicillin G. It was 
determined that 8 (88.88%) of 9 isolates analyzed were resis-
tant to meropenem and erythromycin, and 6 (66.66%) were 
resistant to trimethoprim sulfamethoxazole. Also, multiple 
antibiotic resistance profiles were determined in 5 (55.55%) 
of Listeria spp. isolates.

Discussion
The iap (invasion-associated protein) gene, which is 

common to all members of the Listeria genus, encodes the 
p60 protein and is an important marker in PCR-based anal-
yses of Listeria spp.  [24]. Listeria spp. was detected in 9 
(10%) of the total 90 vegetable samples obtained from the 
local district bazaar of Burdur province. L. monocytogenes 
was not detected in any of the vegetable samples. However, 
in this study, other Listeria species were isolated alone or 
in combined forms in raw vegetable samples (Figure 2). In 
this study, L. seeligeri was detected in all vegetable samples. 
L. seeligeri is reported to survive longer as a result of us-
ing xylose derived from cellulose which is abundant in the 
soil  [31]. Although L. seeligeri is reported as a hemolytic 
but non-pathogenic bacterium, it has rarely been reported to 
cause acute purulent meningitis in a healthy adult person. In 
addition, L. seeligeri is reported to be a heterogeneous spe-
cies in terms of pathogenicity and may contain strains that 
cause life-threatening diseases in humans [32]. In this study, 
L. ivanovii was isolated in 2 scallions and 1 arugula, a total of 
3 vegetable samples, also L. welshimeri and L. innocua were 
isolated in 4 samples including 1 spinach, 2 scallions, and 1 
arugula. L. ivanovii is a major problem in ruminants [33] as 
it causes abortion, stillbirths, and encephalitis in ruminants, 
but, sporadic cases of listeriosis caused by L. ivanovii have 
been reported in people, especially in immunocompromised 
people [34, 35]. Similarly, although L. welshimeri and L. in-
nocua are not considered dangerous to human life, they are 

Figure 1 - Genus-specific identification of Listeria spp. 
isolates by PCR with the primer pairs UnilisA-Lis1B. Line 
M: molecular marker (GeneRuler 100 bp Plus DNA Ladder, 
Thermo, USA), Line +: positive control (L. monocytogenes 
ATTC 7644), Line -: negative control (distilled water), Lane 
1: spinach 1st sample, Line 2: spinach 6th sample, Line 3: 
parsley, Line 4: scallion 4th sample, Line 5: scallion 5th 
sample, Line 6: cress, Line 7: scallion 8th sample, Line 8: 
scallion 10th sample, Line 9: arugula.

Table 3 - Antibiotic resistance profiles of Listeria spp. isolated from raw vegetable samples.
Antimicrobial agent Listeria spp. isolates (n=9)

                       S                                                  R
                     n (%)                                          n (%)

AM,10 µg 9 (100)  0 (0)
P, 10U 9 (100) 0 (0)

MEM, 10 µg 1 (11.11) 8 (88.88)

STX, 25 µg 3 (33.33) 6 (66.66)

E, 15 µg 1 (11.11) 8 (88.88)
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Figure 2 - Specific identification of L. seeligeri (A), L. ivanovii (B), L. welshimeri (C), and L. innocua (D) by PCR with 
primer pairs Sel1-Lis1B, Iva -Lis1B, Wel1-Lis1B, and Ino2-Lis1B, respectively. Line M: molecular marker (GeneRuler 
100 bp Plus DNA Ladder, Thermo, USA), Lane 1: spinach 1st sample, Line 2: spinach 6th sample, Line 3: parsley, Line 4: 
scallion 4th sample, Line 5: scallion 5th sample, Line 6: cress, Line 7: scallion 8th sample, Line 8: scallion 10th sample, 
Line 9: arugula 

Figure 3 - Electrophorese image of luxS (208 bp) and flaA (363 bp) gene Listeria spp. by PCR. Line M: molecular marker 
(GeneRuler 100 bp Plus DNA Ladder, Thermo, USA), Line +: positive control (L. monocytogenes ATTC 7644), Line -: 
negative control (distilled water), Lane 1: spinach 1st sample, Line 2: spinach 6th sample, Line 3: parsley, Line 4: scallion 
4th sample, Line 5: scallion 5th sample, Line 6: cress, Line 7: scallion 8th sample, Line 8: scallion 10th sample, Line 9: 
arugula
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predicted to pose a potential threat sometimes to people due 
to reported human cases [10, 36]. 

Although L. monocytogenes was not detected in any of 
the raw vegetable samples analyzed in this study, flaA and 
luxS genes were detected in the isolated Listeria spp. (Figure 
3). All Listeria species use flagella to provide mobility in in 
vitro environments, though they are mobile at 20-25oC and 
immobile at 37oC. Flagella are critical for both surface adhe-
sion and subsequent biofilm formation and are associated 
with virulence [12, 37, 38]. Listeria species can cause cross-
contamination in food from contacted surfaces in the envi-
ronment due to their ability to adhere to surfaces and cre-
ate biofilms using peritric flagella [39]. In addition, the flaA 
gene encoding the Flagellin A protein is also used in the ge-
notypic identification of Listeria species [40]. The luxS gene 
encodes an enzyme called S-ribosylhomocysteinase. This 
enzyme catalyzes the hydrolysis of S-ribosylhomocysteine 
to homocysteine and 4,5-dihydroxy-2,3-pentadione (DPD) 
and acts as a precursor to Autoinducer-2 (AI-2) [11]. In addi-
tion to being present in many gram-positive and gram-nega-
tive bacteria, it is responsible for pathogenesis, motility, and 
biofilm formation  [41]. Although, L. monocytogenes was 
not detected in raw vegetables is a positive result for public 
health, the other Listeria species may pose health risks. 

There are very few studies conducted on the presence of 
Listeria species in vegetables in Turkey. According to these 
studies, S. Lee & al. (2007)  [42] detected Listeria spp. in 
15 (40.5%), and L. monocytogenes in 3 (8.1%) of 37 fro-
zen peppers in Bursa province. In addition, they detected 
Listeria spp. in 2 frozen strawberries (100%) and 1 frozen 
Brussels sprouts (100%). Listeria spp. was not detected in 
frozen tomato, pea, and scallion samples. S.A. Aytac & al. 
(2010) [43] analyzed a total of 164 leafy vegetable samples 
(8 basils, 15 dills, 20 cresses, 16 cabbage, 12 lettuces, 19 
mint, 19 parsleys, 18 purslanes, 1 radish, 20 arugulas, 14 
scallions, and 2 spinach) grown in the Ankara city. While 
L. monocytogenes was not detected in radish, spinach, and 
scallion samples, but detected in 14 samples (3 basils, 1 dill, 
1 cress, 2 cabbage, 1 lettuce, 1 mint, 2 parsleys, 1 purslane, 
and 2 arugulas). R. Kara & al. (2019)  [44] determined L. 
monocytogenes in 1 (1.43%) of 70 fresh lettuce samples col-
lected from grocery stores and bazaars in Afyonkarahisar 
province. In contrast to the research results conducted by S. 
Lee & al. (2007) [42], S.A. Aytac & al. (2010) [43], and R. 
Kara & al. (2019) [44] L. monocytogenes was not isolated in 
green vegetable samples in this study. The variations in the 
prevalence of L. monocytogenes in vegetables are reported 
to be related with differences in seasonal, geographical and 
contamination exposure levels  [3]. The inability to detect 
L. monocytogenes in raw vegetable samples in this study is 

probably due to the proper production process of the veg-
etables.

Studies in various countries, also stated that vegetables 
were contaminated with Listeria species at different rates. L. 
monocytogenes was detected in 2.5% of 120 packaged let-
tuce samples in Australia [45], in 13 (0.34%) of 5379 samples 
of freshly cut vegetables sold at markets in Canada [46]. L. 
monocytogenes was not detected in ready-to-eat vegetables 
sold in supermarkets in Portugal [47, 48]. D.K. Sonı & al. 
(2014) [48] isolated L. monocytogenes in 20 (10%) of 200 
vegetable samples and in 10 (5%) of soil samples in India. 
V.V. Byrne & al., 2016  [16] isolated L. monocytogenes in 
a total of 4 (3.0%) samples, including 1 (2.22%) of 45 raw 
vegetables and 3 (5.56%) of 54 ready-to-eat vegetables (for 
salads) in Brazil. A.M. Gonı & al. (2016) [49] detected List-
eria spp. in 84 (21%) of a total of 405 vegetable samples 
consisting of 16 types of vegetables (green amaranth, red 
amaranth, coriander, water spinach, winged bean, small 
water pepper, basil, lettuce, mint, scallion, gotu kola (pe-
gaga), ulam raja, cucumber, mustard flowers, watercress, 
water celery) collected in Malaysia. L. monocytogenes were 
found in 69 (28.28%) of cabbages, 22 (9.02%) of carrots, 
57 (23.36%) of cucumbers, 48 (19.67%) of lettuce, and 48 
(19.67%) of tomatoes (19.67%) in Nigeria by T.A. Ajayeoba 
& al. (2016) [50]. 

While the L. monocytogenes ratio was 4.2% in the total 
of food samples in Ireland, it was determined as 3.8% in en-
vironmental samples [51]. M. Moravkova & al. (2017) [52] 
detected L. monocytogenes in 2 (2.1%) samples out of 97 by 
standard culture analysis, 4 (4.1%) samples by combined cul-
ture analysis, and 1 (1.9%) sample by PCR technique among 
175 green-leafy vegetable and salad samples. In West Vir-
ginia, K. Lı & al. (2017) [53] detected Listeria spp. in 50% 
of the samples after analyzing 212 fresh products including 
tomatoes, green peppers, cucumbers, melons, and spinach, 
and L. monocytogenes in 3.78 % of the samples following 
identification analyses using PCR. M. Chen & al. (2018) [54] 
analyzed a total of 665 mushrooms in China, 237 of which 
were packaged and 428 of which were not packaged, and 
detected L. monocytogenes in 141 (21.2%) of fresh mush-
room samples. I. Kljujev & al. (2018)  [55] reported List-
eria spp. in 25.58% of 43 vegetable samples (16 tomatoes, 
13 sweet peppers, 2 cabbages, 1 hot pepper, 1 cucumber, 5 
potatoes, 4 carrots, and 1 parsley), while L. monocytogenes 
was detected only in 1 (0.43%) carrot sample in the central 
Serbian Region. E.O. Kyere & al. (2020)  [56] detected L. 
monocytogenes in 7 (11.666%) of 60 packaged vegetable 
samples, while 40 non-packaged vegetables did not find L. 
monocytogenes in New Zealand. A. Samad & al. (2020) [57] 
determined L. monocytogenes in 2 (2%) of the 100 fresh 
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salads, but L. monocytogenes was not detected in 100 fresh 
vegetable samples in Pakistan. The findings obtained as a 
result of this research were found to be lower when com-
pared with other studies [49, 55]. L. monocytogenes was not 
isolated from the samples collected in the present study, and 
is similar to the finding of J. Campos & al., 2013 [47], E.O. 
Kyere & al. (2020) [56], and A. Samad & al. (2020) [57]. 
Listeria spp. quantities in the data obtained by V.V. Byrne & 
al., 2016 [16], E.A. Szabo & al., 2000 [45], Health Canada, 
2011  [46], D.K. Sonı & al. (2014)  [48], T.A. Ajayeoba & 
al. (2016) [50], D. Leong & al., 2017 [51], M. Moravkova 
& al. (2017) [52], K. Lı & al. (2017) [53], M. Chen & al. 
(2018)  [54], E.O. Kyere & al. (2020)  [56], and A. Samad 
& al. (2020) [57] were found to be higher than the data pre-
sented in this study. The fact that the results of the research 
are different from the results of other research is thought to 
be caused by seasonal factors, geographical location, sample 
differences, raw material production and storage conditions, 
personnel hygiene, cross-contamination during transporta-
tion and sales, and differences in analysis methods.

The prevalence of antibiotic resistance, especially multi-
ple antibiotic resistances, in the Listeria spp. is reported to 
be regularly rising  [58]. In current study, it has been deter-
mined that Listeria spp. isolates are resistant to meropenem, 
trimethoprim-sulfamethoxazole, and erythromycin. The high-
est resistance has been found against meropenem and eryth-
romycin (Table 3). Also, multidrug resistance, i.e., resistance 
to three or more antimicrobial classes, was observed in all 
Listeria spp. isolates. This situation suggests that it may cause 
public health problems for consumers. On the other hand, S. 
Stonsaovapak & M. Boonyaratanakornkıt (2010) [59] deter-
mined that Listeria spp. were resistant to penicillin, but sen-
sitive to ampicillin, and sulfamethoxazole. L.M. Bılung & 
al., 2018 [13] reported that Listeria spp. isolated from veg-
etables are resistant to ampicillin, penicillin G, meropenem, 
and trimethoprim-sulfamethoxazole. L. welshimeri, L. grayi, 
L. murrayi and L. innocua cultures were reported to be sensi-
tive to natural, semi-synthetic penicillins  [14]. G. Cufaoglu 
& al. (2021)  [60] reported the most resistant antibiotic was 
sulfamethoxazole (97.3%) and the less resistant antibiotic 
was meropenem (5.8%) in Turkey. Studies on the determina-
tion of antibiotic resistance of Listeria species in vegetables 
and fruits are insufficient. In this study, the determination of 
the presence, virulence genes, and antibiotic susceptibility of 
Listeria species in the raw vegetable samples, it will contrib-
ute to other studies and epidemiological monitoring.

Conclusion
Vegetables are usually produced in insufficiently hygien-

ic conditions and are sold wet in bazaars. In addition, it is 

consumed raw without any heat treatment or added as a mix-
ture in ready-to-eat food products such as salads. Therefore, 
there may be serious risks in terms of the presence of List-
eria spp. in vegetables. In this study, the fact that L. monocy-
togenes was not isolated from raw vegetables is considered 
as a positive result in terms of public health. However, it was 
concluded that detection of other Listeria species, luxS and 
flaA virulence genes, and multidrug resistance was observed 
in all Listeria spp. isolates in all of vegetables would pose a 
risk to public health. Also, it is considered that carrying out 
this research in different regions and with different vegetable 
species would be appropriate for determining the prevalence 
and virulence characteristics of Listeria species. To reduce 
contamination of vegetables at all stages from the field to the 
table, good agricultural practices and good hygiene practices 
should be carefully carried out to increase product safety in 
the cultivation, harvesting, classification, packaging, and 
distribution of fresh products. 
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Introduction
The integration of biotechnology and information tech-

nology has revolutionized healthcare, leading to significant 
advancements in diagnosis, treatment, and patient care [1]. 
This synergistic combination has paved the way for a new 
era of healthcare innovation, offering tremendous potential 
for improving health outcomes and transforming the deliv-
ery of medical services [2].

Biotechnology involves the application of biological 
knowledge and techniques to develop products and process-
es that benefit human health [3]. On the other hand, infor-
mation technology encompasses the use of computers, soft-
ware, and data analysis to manage and exchange information 
effectively. The convergence of these two fields has resulted 
in ground-breaking solutions that have far-reaching impli-
cations for healthcare [4]. The biotechnology application is 
applied to so many sector for implementations (see Fig. 1) . 
The key focus is in healthcare and related. 

The integration of biotechnology and information tech-
nology has enabled the development of innovative medical 
devices, precision medicine approaches, telehealth services, 
electronic health records, and sophisticated data analytics 
tools [5]. These advancements have enhanced medical diag-
nostics, personalized treatment plans, remote patient moni-
toring, and streamlined healthcare operations. Moreover, 
this integration has fostered collaboration among multidis-
ciplinary teams, including healthcare professionals, biolo-
gists, engineers, and computer scientists, to address complex 
healthcare challenges [6].

The significance of this integration for healthcare in-
novation cannot be overstated. It has facilitated the rapid 
and accurate diagnosis of diseases, leading to early inter-
ventions and improved patient outcomes. By leveraging 
the power of big data and artificial intelligence, health-
care providers can extract valuable insights from vast 
amounts of patient information, enabling personalized 
medicine tailored to individual needs. Furthermore, the 
integration of biotechnology and information technology 
has expanded access to healthcare services, particularly 
in remote and underserved areas, through telemedicine 
and mobile health applications [7].

The objectives of this review are to examine the current 
state of integration between biotechnology and information 

technology in healthcare, highlight the key innovations 
and advancements in the field, and assess the impact of this 
integration on patient care and healthcare systems. We will 
also explore the challenges and future prospects of this con-
vergence and discuss potential ethical, legal, and social im-
plications.

The scope of this review will encompass various aspects 
of the integration, including but not limited to:

Biotechnology-enabled medical devices and diagnostics1.	
Applications of information technology in personalized 2.	
medicine
Telehealth and remote patient monitoring systems3.	
Electronic health records and health information ex-4.	
change
Data analytics and artificial intelligence in healthcare5.	
Collaborative research and development efforts in bio-6.	
technology and information technology
Regulatory considerations and ethical implications of the 7.	
integration.
By comprehensively examining the integration of bio-

technology and information technology in healthcare, this 
review aims to provide insights into the transformative po-
tential of this synergy and its implications for future health-
care innovation.

Biotechnology in Healthcare
Biotechnology plays a pivotal role in revolutionizing 

healthcare by offering innovative solutions in diagnostics, 
therapeutics, and personalized medicine [8]. It encompasses 
a wide range of techniques and technologies that leverage 
biological systems, living organisms, or their components to 
develop products and processes that improve human health. 
In this section, we will explore the multifaceted contribu-
tions of biotechnology in healthcare and discuss recent ad-
vancements in biotechnological tools and techniques.

Diagnostics
    Biotechnology has transformed diagnostic approaches, 

enabling faster and more accurate identification of diseases. 
Molecular diagnostics, based on biotechnological tools, 
have revolutionized disease detection and monitoring  [9]. 
Techniques such as polymerase chain reaction (PCR), gene 
sequencing, and microarray analysis allow for the identifica-
tion and characterization of genetic mutations, pathogens, 
and biomarkers associated with various diseases.

These advancements have paved the way for personal-
ized diagnostics and precision medicine, facilitating targeted 
therapies and improved patient outcomes [10].

Therapeutics
   Biotechnology has revolutionized therapeutic inter-

ventions by providing innovative treatment options. Re-
combinant DNA technology allows for the production of 
therapeutic proteins, such as insulin, growth factors, and 
monoclonal antibodies, with high specificity and effica-
cy  [11]. Biopharmaceuticals derived from biotechnology 
offer enhanced therapeutic potential, addressing complex 
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diseases like cancer, autoimmune disorders, and genetic 
conditions. Moreover, gene editing techniques, such as 
CRISPR-Cas9, provide the ability to modify genetic ma-
terial, opening doors for potential cures for genetic dis-
eases [12].

Personalized Medicine
    The integration of biotechnology and information 

technology has facilitated personalized medicine, tailoring 
treatment strategies to an individual’s specific character-
istics. Advances in genomics, proteomics, and metabolo-
mics allow for comprehensive profiling of an individual’s 
genetic makeup, protein expression patterns, and meta-
bolic profiles [13]. This wealth of data enables healthcare 
providers to develop personalized treatment plans, predict 
drug responses, and optimize therapeutic outcomes. Phar-
macogenomics, for example, utilizes genetic information 
to determine the most effective and safe medication for an 
individual, minimizing adverse drug reactions and opti-
mizing treatment efficacy.

Recent Advancements in Biotechnological Tools 
and Techniques

Next-Generation Sequencing (NGS)

NGS technologies have revolutionized the field of ge-
nomics by enabling rapid and cost-effective sequencing of 
entire genomes  [14]. These techniques provide valuable 
insights into genetic variations, disease-causing mutations, 
and potential therapeutic targets. NGS has transformed di-
agnostics, enabling the identification of rare genetic diseases 
and facilitating early intervention and personalized treat-
ment approaches [15].

Gene Editing

The development of precise gene editing tools, such as 
CRISPR-Cas9, has revolutionized the field of biotechnology. 
CRISPR-Cas9 allows for targeted modifications of specific 
genes, opening up possibilities for correcting genetic defects 
and developing new therapies [17]. This technique has the po-
tential to treat genetic disorders, enhance disease resistance, 
and modify cellular functions for therapeutic purposes.

Fig. 1. Application of biotechnology 



3863

Integration of Biotechnology and Information Technology for Healthcare Innovation
Microarray Technology

Microarray technology enables the simultaneous analy-
sis of thousands of genes or proteins, providing valuable 
insights into gene expression patterns, protein interactions, 
and biomarker discovery [18]. Microarrays have facilitated 
diagnostic advancements, enabling the identification of dis-
ease signatures and the development of personalized treat-
ment strategies.

Synthetic Biology

Synthetic biology combines engineering principles with 
biological components to design and construct new bio-
logical systems or modify existing ones [18]. This field has 
applications in drug development, biofuel production, and 
the creation of engineered organisms for medical purposes. 
Synthetic biology offers new avenues for the development of 
therapeutics, biomaterials, and biotechnological tools [19].

In conclusion, biotechnology plays a pivotal role in 
healthcare by offering advancements in diagnostics, thera-
peutics, and personalized medicine. Recent biotechnological 
tools and techniques, such as next-generation sequencing, 
gene editing, microarray technology, and synthetic biology, 
have revolutionized healthcare practices. These advance-
ments hold great promise for improving patient care, devel-
oping targeted therapies, and paving the way for precision 
medicine approaches.   

Information Technology in Healthcare
Information technology (IT) has become indispensable 

in modern healthcare systems, playing a crucial role in pa-
tient management, healthcare delivery, and data-driven deci-
sion-making. In this section, we will explore the importance 
of information technology in healthcare systems and discuss 
key components such as electronic health records (EHRs), 
health information exchange, and data analytics [20].

Importance of Information Technology in Healthcare 
Systems:

Information technology has transformed healthcare sys-
tems by enhancing efficiency, accuracy, and accessibility of 
patient information. It enables seamless communication and 
collaboration among healthcare professionals, improves pa-
tient safety, and streamlines administrative processes  [21]. 
Here are some key aspects of the importance of IT in health-
care:

Efficient Data Management: IT systems allow health-1.	
care organizations to store, manage, and retrieve vast 
amounts of patient data efficiently. This includes medi-
cal histories, laboratory results, medication records, and 
imaging studies [22]. Digital storage of patient informa-
tion eliminates the need for physical records, reduces the 

risk of data loss, and facilitates quick and secure access 
to patient data when needed.
Improved Patient Safety: IT systems play a critical role 2.	
in medication management, reducing the risk of errors 
and adverse drug events. Computerized physician order 
entry (CPOE) systems and barcode medication adminis-
tration systems help prevent medication errors by ensur-
ing accurate prescribing, dispensing, and administration 
of medications  [23]. IT systems also enable real-time 
monitoring of patients’ vital signs and automated alerts 
for abnormal values, enhancing patient safety and timely 
interventions.
Enhanced Communication and Collaboration: IT systems 3.	
facilitate seamless communication and collaboration 
among healthcare providers across different locations 
and disciplines. Electronic communication platforms, 
such as secure messaging and teleconferencing, enable 
quick consultations, exchange of medical information, 
and remote collaborations [24]. This improves care co-
ordination, especially in complex cases requiring multi-
disciplinary expertise.
Accessibility and Telehealth: IT enables remote access 4.	
to healthcare services through telehealth and telemedi-
cine platforms. Patients can receive virtual consultations, 
access medical advice, and receive follow-up care from 
the comfort of their homes. Telehealth has proven par-
ticularly beneficial in rural and underserved areas, im-
proving access to healthcare and reducing geographical 
barriers [25].

Electronic Health Records (EHRs)

EHRs are digital versions of patients’ medical records, 
containing comprehensive information about their health 
history, diagnoses, treatments, and laboratory results. EHRs 
offer numerous benefits [26]:

Centralized and Comprehensive Information: EHRs con-1.	
solidate patient information from various sources into a 
single, accessible platform. This ensures healthcare pro-
viders have a comprehensive view of the patient’s medi-
cal history, enabling informed decision-making and per-
sonalized care.
Real-time Information: EHRs allow for real-time up-2.	
dates and immediate access to patient data, enabling 
timely decision-making, reducing duplication of tests, 
and facilitating better care coordination among health-
care providers.
Interoperability: EHR systems aim to be interoper-3.	
able, enabling seamless exchange of patient information 
across different healthcare organizations and systems. 
This promotes care continuity, enables smooth transi-
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tions between healthcare settings, and facilitates health 
information exchange.

Health Information Exchange

    Health information exchange (HIE) involves the secure 
sharing of patient information between different healthcare 
organizations and systems. Key benefits of HIE include:

Coordinated Care: HIE enables healthcare providers 1.	
to access essential patient information from various 
sources, such as hospitals, clinics, and laboratories. This 
promotes care coordination, reduces medical errors, and 
improves patient outcomes.
Emergency Situations: In emergencies, access to a pa-2.	
tient’s complete medical history through HIE can be life-
saving. It provides critical information to healthcare pro-
viders who may not have prior knowledge of the patient, 
facilitating quick and appropriate interventions.
Public Health Surveillance: HIE facilitates the collection 3.	
and analysis of population health data for public health 
surveillance purposes. It enables the monitoring of disease 
outbreaks, identification of public health trends, and facili-
tates targeted interventions and preventive measures.

Data Analytics in Healthcare

    Data analytics leverages IT systems and techniques to 
analyze large volumes of healthcare data and extract valu-
able insights. It has the potential to transform healthcare in 
several ways:

Predictive Analytics: Data analytics enables the identifi-1.	
cation of patterns, trends, and risk factors that can predict 
disease outcomes or complications. This facilitates early 
interventions, personalized treatment plans, and proac-
tive patient management.
Population Health Management: By analyzing popu-2.	
lation-level data, data analytics helps identify health 
trends, risk factors, and gaps in healthcare delivery. This 
supports the development of targeted interventions, pre-
ventive strategies, and resource allocation for improved 
population health outcomes.
Quality Improvement: Data analytics enables healthcare 3.	
organizations to monitor and measure the quality of care 
provided. It allows for the identification of areas for im-
provement, benchmarks performance against industry 
standards, and supports evidence-based decision-making 
for quality enhancement.
In conclusion, information technology is of paramount 

importance in healthcare systems and patient management. 
It enhances efficiency, accuracy, and accessibility of patient 
information, improves patient safety, and facilitates seamless 
communication and collaboration among healthcare providers. 
Key components of IT in healthcare include electronic health 

records (EHRs), health information exchange, and data ana-
lytics, which enable centralized patient information, interoper-
ability, coordinated care, and data-driven decision-making. Le-
veraging the power of information technology offers immense 
potential for improving healthcare outcomes, enhancing patient 
experiences, and transforming healthcare delivery.

Convergence of Biotechnology 
and Information Technology

The convergence of biotechnology and information tech-
nology has led to ground-breaking advancements in health-
care. This convergence brings together the power of biologi-
cal systems and data-driven technologies, creating synergies 
that enhance biotechnological processes and revolutionize 
data management in healthcare [27]. In this section, we will 
explore the areas of convergence between biotechnology 
and information technology and discuss how information 
technology enhances biotechnological processes and data 
management in healthcare.

Areas of Convergence:

Genomics and Bioinformatics:

The field of genomics, which involves the study of an 
organism’s complete set of DNA (genome), has greatly ben-
efited from information technology  [28]. High-throughput 
DNA sequencing technologies generate vast amounts of ge-
nomic data. Bioinformatics, a discipline that combines biol-
ogy and computer science, utilizes information technology 
to store, analyze, and interpret this genomic data. It involves 
developing algorithms, databases, and computational tools 
to extract valuable insights from genomic data, including 
identifying disease-causing mutations, predicting drug re-
sponses, and understanding the genetic basis of diseases.

Data Integration and Analysis:

The convergence of biotechnology and information tech-
nology enables the integration and analysis of diverse bio-
logical datasets. By leveraging data integration techniques 
and sophisticated analytical tools, researchers can combine 
genomic, proteomic, and metabolomic data to gain a com-
prehensive understanding of biological systems  [29]. This 
integrated approach helps identify biomarkers, pathways, 
and therapeutic targets, leading to the development of per-
sonalized medicine strategies and targeted therapies.

Computational Modeling and Simulation:

Information technology enables the development of 
computational models and simulations to predict biological 
phenomena and optimize biotechnological processes. Com-
putational models can simulate the behavior of biological 
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systems, such as protein interactions, cellular processes, and 
drug interactions [30]. These models aid in drug discovery, 
protein engineering, and optimizing bioprocesses, reducing 
the need for costly and time-consuming experimental itera-
tions.

Enhancements in Biotechnological Processes:

Accelerating Drug Discovery

Information technology expedites the drug discovery 
process by facilitating virtual screening, molecular model-
ling, and structure-based drug design. Advanced computa-
tional tools help identify potential drug candidates, predict 
their efficacy, and optimize their chemical structures  [31]. 
This reduces the time and cost required for preclinical and 
clinical trials, leading to faster development of novel thera-
peutics.

Precision Medicine

The convergence of biotechnology and information tech-
nology plays a crucial role in precision medicine, tailoring 
treatments to individual patients based on their unique ge-
netic profiles, environmental factors, and lifestyle choices. 
Information technology enables the analysis and interpreta-
tion of patient data, including genomic information, clinical 
records, and environmental factors, to develop personalized 
treatment plans. This improves treatment efficacy, mini-
mizes adverse drug reactions, and optimizes patient out-
comes [32].

Bioprocess Optimization

Information technology supports the optimization of 
bioprocesses involved in biopharmaceutical production. 
Advanced software systems monitor and control parameters 
such as temperature, pH, and nutrient supply, ensuring opti-
mal conditions for cell growth and product synthesis. Real-
time monitoring, data analytics, and artificial intelligence 
techniques enable predictive maintenance, process optimi-
zation, and yield improvement, reducing costs and enhanc-
ing efficiency in bio-manufacturing.

Data Management in Healthcare

Electronic Health Records (EHRs)

Information technology enhances data management in 
healthcare through the implementation of electronic health 
records (EHRs). EHRs streamline the collection, storage, 
and retrieval of patient data, enabling healthcare providers 
to access comprehensive and up-to-date medical informa-
tion. EHRs facilitate efficient data sharing among different 
healthcare settings, improving care coordination and conti-
nuity.

Health Information Exchange (HIE)

Health information exchange (HIE) platforms utilize 
information technology to enable secure sharing of patient 
data among healthcare organizations [33]. HIE ensures that 
critical patient information, including medical history, med-
ications, and allergies, is readily accessible to authorized 
healthcare providers. This improves care transitions, emer-
gency care, and overall patient safety.

Data Analytics and Insights

Information technology enables robust data analytics 
in healthcare, helping extract valuable insights from large 
volumes of patient data. Data analytics techniques, such 
as machine learning and artificial intelligence, can identify 
patterns, predict disease outcomes, and optimize treatment 
plans. These insights support evidence-based decision-mak-
ing, personalized medicine, and population health manage-
ment.

Privacy and Security

Information technology also plays a crucial role in ensur-
ing the privacy and security of patient data. Robust cyberse-
curity measures, encryption techniques, access controls, and 
audit trails are implemented to protect sensitive patient in-
formation. Compliance with regulations such as the Health 
Insurance Portability and Accountability Act (HIPAA) en-
sures the secure handling of patient data [34].

In conclusion, the convergence of biotechnology and 
information technology brings significant advancements to 
healthcare. It enhances biotechnological processes by ac-
celerating drug discovery, enabling precision medicine, and 
optimizing bioprocesses. Information technology also revo-
lutionizes data management in healthcare through electronic 
health records, health information exchange, and advanced 
analytics. The synergy between biotechnology and informa-
tion technology holds great promise for improving patient 
care, advancing medical research, and driving innovation in 
healthcare delivery.

Applications of Integration: Healthcare 
Innovation through Biotechnology and 
Information Technology

The integration of biotechnology and information 
technology has given rise to numerous applications that 
have transformed healthcare and led to significant innova-
tions [35]. This section will explore specific examples where 
the convergence of these fields has revolutionized health-
care, including telemedicine, wearable devices, remote pa-
tient monitoring, and precision medicine.
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Telemedicine
    Telemedicine utilizes information technology to pro-

vide healthcare services remotely, bridging the gap between 
patients and healthcare providers. It enables virtual consul-
tations, remote diagnosis, and treatment, bringing healthcare 
to patients’ homes. The integration of biotechnology and 
information technology in telemedicine has several advan-
tages:

 Improved Access: Telemedicine overcomes geographi-1.	
cal barriers, allowing patients in remote or underserved 
areas to access healthcare services  [36]. It ensures that 
individuals in rural locations or areas with limited 
healthcare facilities can receive timely medical advice 
and consultations.
Cost and Time Savings: Telemedicine eliminates the 2.	
need for travel and reduces wait times, resulting in cost 
and time savings for patients. It also minimizes the bur-
den on healthcare infrastructure and resources, optimiz-
ing their utilization.
Remote Monitoring: Telemedicine incorporates bio-3.	
technological tools such as wearable devices, sensors, 
and remote monitoring systems. These devices collect 
patient data, such as vital signs, glucose levels, or car-
diac activity, and transmit it to healthcare providers in 
real-time [37]. This allows for proactive management of 
chronic conditions, early detection of complications, and 
timely interventions.
 In a case patient with diabetes can use a wearable device 

that continuously monitors their blood glucose levels [38]. 
The device transmits the data to the healthcare provider, who 
can remotely monitor the patient’s condition, provide timely 
advice on medication adjustments, and offer lifestyle recom-
mendations.

Wearable Devices
    Wearable devices, including smartwatches, fitness 

trackers, and biosensors, have gained popularity for moni-
toring personal health and wellness. These devices incorpo-
rate biotechnological sensors and integrate with information 
technology platforms, enabling real-time data collection and 
analysis [39]. The integration of biotechnology and informa-
tion technology in wearable devices offers several benefits:

Health and Activity Monitoring: Wearable devices can 1.	
track vital signs, physical activity, sleep patterns, and 
other health-related metrics. These devices provide us-
ers with valuable insights into their well-being, promot-
ing healthy habits, and empowering individuals to take 
charge of their health.
Disease Management: Wearable devices can aid in the 2.	
management of chronic diseases by monitoring symp-

toms, medication adherence, and activity levels. They 
enable individuals and healthcare providers to track dis-
ease progression, identify triggers, and adjust treatment 
plans accordingly.
Early Detection and Prevention: By continuously moni-3.	
toring physiological parameters, wearable devices can 
detect early signs of health issues or abnormalities [40]. 
Timely alerts and notifications can be sent to healthcare 
providers or individuals, prompting further evaluation or 
intervention.
A case wearable fitness tracker can monitor heart rate, 

sleep patterns, and physical activity levels. By integrating 
with a smartphone app, it provides users with actionable in-
sights, encouraging exercise, healthy sleep habits, and stress 
management.

Remote Patient Monitoring
Remote patient monitoring (RPM) utilizes biotechno-

logical sensors and information technology to monitor pa-
tients’ health outside of traditional healthcare settings [41]. 
It involves collecting and transmitting data on vital signs, 
symptoms, or disease-specific metrics to healthcare provid-
ers for analysis and intervention. The integration of biotech-
nology and information technology in RPM offers several 
advantages:

Continuous Monitoring: RPM enables healthcare provid-1.	
ers to remotely monitor patients’ health parameters on an 
ongoing basis. This provides a comprehensive view of 
the patient’s condition, facilitates early detection of com-
plications, and enables timely interventions.
Improved Outcomes and Patient Engagement: RPM em-2.	
powers patients to actively participate in their healthcare 
by monitoring their own health and sharing data with 
healthcare providers  [42]. This fosters patient engage-
ment, adherence to treatment plans, and enhances out-
comes.
Reduced Hospital Readmissions: By closely monitoring 3.	
patients post-discharge, RPM can detect early signs of 
deterioration, allowing for timely interventions and re-
ducing the risk of hospital readmissions.
A case patient recovering from heart surgery can be 

equipped with a wearable device that continuously moni-
tors their heart rate, blood pressure, and oxygen saturation 
levels [43]. The data is transmitted to healthcare providers 
who can remotely monitor the patient’s progress, detect any 
abnormalities, and intervene if necessary.

Precision Medicine
Precision medicine utilizes biotechnological advance-

ments, genomic information, and information technology 
to tailor medical treatments to individual patients  [44]. It 
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focuses on understanding the genetic, environmental, and 
lifestyle factors that influence disease development and re-
sponse to treatments. The integration of biotechnology and 
information technology in precision medicine offers the fol-
lowing benefits:

Personalized Treatment: Precision medicine allows 1.	
healthcare providers to develop personalized treatment 
plans based on an individual’s genetic profile, biomarker 
analysis, and clinical data. This facilitates targeted thera-
pies, reduces adverse effects, and optimizes treatment 
outcomes.
Predictive Analytics: Information technology platforms 2.	
can analyze large-scale genomic and clinical datasets, 
providing predictive insights into disease susceptibility, 
treatment response, and disease progression. This helps 
healthcare providers make informed decisions and tailor 
interventions accordingly.
Research and Drug Development: Biotechnology and in-3.	
formation technology are instrumental in precision medi-
cine research and drug development [45]. Computational 
models, genomic analysis tools, and advanced analytics 
enable the identification of new drug targets, discovery 
of biomarkers, and development of targeted therapies.
In oncology, precision medicine utilizes genomic anal-

ysis to identify specific mutations or genetic markers that 
drive a patient’s cancer [46]. This information helps health-
care providers select targeted therapies that are more likely 
to be effective for that individual, improving treatment out-
comes.

In conclusion, the integration of biotechnology and infor-
mation technology has led to transformative applications in 
healthcare. Telemedicine, wearable devices, remote patient 
monitoring, and precision medicine are just a few examples 
where this convergence has revolutionized patient care, dis-
ease management, and medical research. These applications 
enhance access to healthcare, facilitate proactive monitor-
ing, enable personalized treatments, and empower individu-
als to actively engage in their own health and well-being. 
The integration of biotechnology and information technol-
ogy continues to pave the way for innovative solutions that 
enhance healthcare outcomes and improve quality of life.

Challenges and Ethical Considerations
While the integration of biotechnology and information 

technology brings remarkable advancements to healthcare, 
The translation of biotechnology to the commercial devel-
opment has face several challenges which include (see Fig 
1) [47], not limited to it also presents challenges and ethical 
considerations that need to be addressed. Some of the key 

challenges and ethical considerations associated  [48] with 
this convergence are:

Privacy and Data Security
The integration of biotechnology and information tech-

nology involves the collection, storage, and analysis of vast 
amounts of sensitive patient data. Maintaining patient pri-
vacy and ensuring data security are critical. Healthcare or-
ganizations must implement robust cybersecurity measures, 
encryption techniques, access controls, and data anonymiza-
tion practices to protect patient information from unauthor-
ized access or breaches. Striking a balance between data 
sharing for research purposes and preserving patient privacy 
is a complex challenge that requires careful consideration.

Informed Consent
The integration of biotechnology and information tech-

nology often requires the collection and use of personal 
health data [49]. Obtaining informed consent from patients 
for the use and sharing of their data is crucial. Patients 
should be fully informed about how their data will be used, 
who will have access to it, and the potential benefits and 
risks involved. Consent mechanisms should be transparent, 
and patients should have the right to control their data and 
revoke consent if desired.

Data Accuracy and Reliability
Biotechnological tools generate vast amounts of data, 

and information technology processes and analyzes this data 
for medical decision-making  [50]. Ensuring the accuracy, 
reliability, and quality of the data is crucial for sound clini-
cal decisions. Healthcare providers and researchers need to 
address issues related to data completeness, standardization, 
and data integrity to minimize errors and biases in data anal-
ysis [51].

Health Inequities and Access
    The integration of biotechnology and information 

technology has the potential to exacerbate existing health 
inequities if access to technology or digital infrastructure 
is unevenly distributed. Ensuring equitable access to bio-
technological tools and information technology platforms 
is essential to prevent further disparities in healthcare out-
comes [52]. Efforts should be made to bridge the digital di-
vide, especially in underserved communities, to ensure that 
advancements in healthcare benefit all individuals regard-
less of their socioeconomic status.

    Regulatory and Legal Frameworks
The rapid pace of innovation in biotechnology and in-

formation technology presents challenges for regulatory and 
legal frameworks to keep up  [53]. Regulations need to be 
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updated and adapted to address emerging technologies, data 
privacy concerns, and ethical considerations. It is important 
to establish clear guidelines and standards for data protec-
tion, consent processes, and responsible use of technology to 
ensure the ethical and responsible integration of biotechnol-
ogy and information technology in healthcare.

Ethical Use of Data
The integration of biotechnology and information tech-

nology generates a wealth of data that holds tremendous po-
tential for medical research and innovation [54]. However, 
the ethical use of data is paramount. Data should be used 
in a responsible and transparent manner, with respect for 
patient privacy and the principles of beneficence and non-
maleficence. Safeguards should be in place to prevent the 
misuse or misinterpretation of data, and data ownership and 
intellectual property rights should be clearly defined.

Addressing these challenges and ethical considerations 
requires a collaborative effort from healthcare providers, 
researchers, policymakers, and regulatory bodies. It is im-
portant to establish guidelines, codes of conduct, and best 
practices that promote the responsible and ethical integra-
tion of biotechnology and information technology, ensuring 
the benefits are maximized while protecting patient rights 
and privacy. Continuous evaluation and adaptation of ethical 

frameworks are necessary to keep pace with technological 
advancements and evolving societal values.

Future Perspectives and Conclusion
The integration of biotechnology and information tech-

nology in healthcare is a dynamic field that continues to 
evolve and hold immense promise for the future. Several 
future trends and potential advancements are anticipated in 
this area, including:

    Artificial Intelligence (AI) and Machine Learning: AI 
and machine learning algorithms are expected to play an in-
creasingly important role in analyzing complex biological 
data, identifying patterns, and making predictions. These 
technologies have the potential to revolutionize disease di-
agnosis, drug discovery, and personalized medicine.    In-
ternet of Medical Things (IoMT): The IoMT, a network of 
interconnected medical devices and sensors, will continue to 
expand, enabling real-time monitoring, remote patient care, 
and data-driven interventions. This will enhance personal-
ized healthcare, improve patient outcomes, and facilitate 
proactive disease management. Blockchain Technology: 
Blockchain technology holds promise in ensuring secure 
and decentralized storage of healthcare data. It can enhance 
data privacy, interoperability, and enable secure health infor-
mation exchange, while giving patients greater control over 

Fig. 2 Translation of biotechnology  challenges 
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their own data.Integration of Omics Data: The integration 
of genomic, proteomic, metabolomic, and other omics data 
will advance precision medicine approaches, enabling per-
sonalized therapies, predicting disease outcomes, and iden-
tifying biomarkers for early detection and intervention. In 
summary, the integration of biotechnology and information 
technology has ushered in a new era of healthcare innova-
tion. Throughout this review, we explored the various ap-
plications, challenges, and ethical considerations associated 
with this convergence. We discussed the significant impact 
this integration has had on healthcare, including the rise of 
telemedicine, wearable devices, remote patient monitoring, 
and precision medicine. These advancements have improved 
access to healthcare, facilitated proactive monitoring, en-
abled personalized treatments, and empowered individuals 
to actively engage in their own health and well-being. How-
ever, we also recognized the challenges surrounding privacy, 
data security, consent, and health inequities. It is crucial to 
address these challenges through robust regulations, ethical 
frameworks, and responsible data management practices to 
ensure the responsible integration of biotechnology and in-
formation technology in healthcare. looking ahead, the fu-
ture holds exciting prospects for this integration, with the 
potential for AI, machine learning, the IoMT, blockchain 
technology, and omics data integration to further revolution-
ize healthcare delivery, disease management, and medical 
research.

In conclusion, the integration of biotechnology and in-
formation technology has transformed healthcare, offer-
ing unprecedented opportunities for precision medicine, 
remote patient care, and data-driven decision-making. The 
synergistic collaboration between these fields has led to 
groundbreaking innovations, improved patient outcomes, 
and enhanced healthcare delivery. Embracing this integra-
tion, while addressing the associated challenges and ethical 
considerations, will pave the way for a future where person-
alized, accessible, and effective healthcare becomes reality 
for all.
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Due to the high complexity of the oral microbial community and its association with diverse oral 
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bacilli),  hemolysins (Actinomyces and aerobic Gram-positive cocci), amylase and DNase (anaerobic 
Gram‑positive cocci), lipase and DNase (yeasts) as well as exhibit resistance to antibiotics currently 
used in dentistry, such as beta-lactams, tetracyclines and macrolides.
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Introduction
The oral microbiota represents the second-largest bacteri-

al community after the intestinal microbiota [1] and includes 
all resident microorganisms of the oral cavity [2-3]. In the 
oral cavity, microorganisms inhabit the supra- and subgingi-
val tooth surface, tongue, oral mucosa, soft and hard palate, 
and saliva, with most of the bacteria in saliva being attached 
to human exfoliated epithelial cells[4]. The human oral mi-
crobiome comprises over 2000 taxa of bacteria and fungi 
co-existing in a complex delicate equilibrium[5-6].������ Howe-
ver, under different conditions, such as poor oral hygiene, 
trauma, broad-spectrum antibiotics, immunosuppression, 
smoking, and denture wear, an imbalance can occur in the 
oral microbiota, exposing the organism to various oral and 
systemic diseases [7-10]. Dental plaque is a non-mineralized 
biofilm formed by aggregates of resident and/or pathogenic 
microorganisms and an extracellular matrix of a polymeric 
nature, structures attached to each other or attached to a so-
lid surface [11-12]. Oral biofilms are the main etiological 
factor of various oral pathologies, such as dental caries, pe-
riodontal diseases, implant-related infections, and oropha-
ryngeal candidiasis [13].

Infection occurs when the virulence, number, and ex-
posure time supersede the local and general host’s defense, 
leading to a pathological reaction in the host’s tissues [14]. 
Virulence is defined as the ability of an organism to infect 
the host and cause disease. Virulence factors can be secreted 
extracellularly or associated with the cell envelope, the last 
category including molecules that allow bacteria to colonize 
the host at the cellular level [15]. The expression of these 
virulence factors, and therefore, the microbial pathogenicity 
level is dependent on the host condition [14, 16]. Hemoly-
sins are virulence factors produced by various bacterial spe-
cies. These compounds are responsible for cell membrane 
damage, cell lysis, and cell and tissue destruction to provide 
nutrients (and iron) to hemolysin-producing bacteria [17]. 
After spot cultivation on blood agar medium and incubation, 
hemolysis areas can be observed due to the lysis of red blood 
cells in the culture medium. Beta (complete) hemolysis is 
represented by the appearance of a clear, transparent halo 
around the bacterial colonies [18]. Alpha (partial) hemolysis 
is represented by the appearance of a pink or green halo aro-
und the bacterial colonies. Other extracellular enzymes are 
caseinase and gelatinase. They are proteases that hydrolyze 
proteins to peptides and amino acids, destroying the host’s 
tissues and the progression of the infection [18]. Gelatinase 
is useful in bacterial biofilm formation allowing bacterial 
cells to aggregate into microcolonies while also being able to 
destroy the host tissue [19]. Starch is a polysaccharide with a 

high molecular mass that cannot be transported through the 
cell membrane to the interior of the bacterial cell, the secre-
tion of extracellular amylases being necessary to achieve its 
hydrolysis[20]. Esculin (a glucoside) is hydrolyzed to gluco-
se and esculetol. In the presence of iron citrate (FeC6H5O7) 
(Fe3+) in the environment, esculetol released under the acti-
on of β-glucosidase (esculinase) leads to the formation of a 
black precipitate of ferric esculetol, a phenolic compound 
with Fe2+, whose chemical structure is not fully known [18]. 
It has been shown that esculetol can fix iron chelators (such 
as those of the transferrin type), thus providing essential iron 
ions to bacterial cells to activate genes and express virulence 
factors. The role of the esculetol is particularly important 
for extracellular pathogenic bacteria because iron ions are 
present in small amounts in the extracellular environment, 
with most of the iron ions circulating in the bound form [18].
To test this virulence factor, the bacterial strains were seeded 
on esculin containing medium, the presence of a black pre-
cipitate around the microbial colonies indicating a positive 
result. Bacterial deoxyribonucleases (DNases) are enzymes 
that hydrolyze bacterial nucleic acids producing oligonucle-
otides used in their syntheses [20-21]. DNases can be invol-
ved in several important processes, such as bacterial growth 
and biofilm maturation, but are also involved in the ability of 
bacteria to escape the host immune system [20] 

Antibiotic resistance is becoming increasingly problema-
tic. It is necessary to know the antibiotic sensitivity or resis-
tance profile of bacterial strains isolated from the oral cavity 
because bacterial resistance to certain antibiotics can affect 
the antibiotic treatments recommended in dental conditions. 
While facing changes in the oral microenvironment, micro-
organisms can express antibiotic resistance genes, ensuring 
their survival and genetic persistence, the oral cavity thus 
becoming a source of antibiotic resistance genes, causing an 
increase in the number of resistant bacterial infections [22]. 
Despite the clinical relevance and frequency of dental and 
oral-maxillofacial infections, there is a lack of recent data on 
the spectrum of clinical pathogens and associated antimicro-
bial resistance for those infections [23].

In this regard, this study provides the identification of 
soluble virulence factors (i.e., hemolysins, lipase, gelatina-
se, caseinase, lecithinase, esculinase, amylase, and DNase) 
and the antibiotic resistance profiles of oral cavity-isolated 
microorganisms, aiming to offer a reliable framework for 
developing effective preventive and therapeutic strategies 
against dental pathological conditions. 

Materials and Methods
The analyzed bacterial and fungal strains (125) were se-

lected from previously isolates from various oral patholo-
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gies, such as dental caries, periodontal diseases, implant-
related infections, and oropharyngeal candidiasis, included 
in the Microbial Collection of the Research Institute of the 
University of Bucharest. 

The identification of soluble virulence factors expressed 
by bacterial strains was analyzed by cultivation-dependent 
methods. A bacterial suspension with a density of 0.5 Mc-
Farland was obtained from the 24 hour bacterial strains pre-
viously cultivated on culture media, which was spotted in 
a volume of 10 μl on culture media supplemented with a 
specific substrate for the detection of virulence factors such 
as hemolysins, lipase, gelatinase, caseinase, lecithinase, es-
culinase, amylase, and DNase. The inoculated media was in-
cubated for 24 h at 37°C to allow the production and detec-
tion of soluble virulence factors, with samples analyzed at 
24, 48, and 72 h post-incubation. To evaluate the hemolysin 
production, the bacterial strains were seeded on blood agar. 
A positive reaction to the presence of hemolysins is indi-
cated by the presence of a transparent halo around the bacte-
rial colonies, indicating the hemolysis of erythrocytes in the 
composition of the culture medium. Tween 80 agar was used 
to evidence the presence of lipase with the formation of an 
opaque halo around the bacterial colonies, indicating a posi-
tive reaction and the absence of the halo a negative reaction 
[24-25]. Lecithinase was highlighted following cultivation 
on a culture medium supplemented with egg yolk substrate, 
the positive reaction being represented by an opaque zone 
(precipitation) and/or a clear zone around the culture spot. 
To show the production of proteases, the strains were spot-
ted on solid media with the addition of casein or gelatin, 
and the presence of a precipitation/clarification zone around 
the growth area indicated the proteolysis of casein/gelatin 
(the presence of caseinase/gelatinase) [18, 25]. Esculinase 
was studied on agar culture medium with esculin by the ap-
pearance of a black compound around the bacterial colonies. 
Agar medium with starch was used to bring out the presence 
of amylase, and after incubation, Lugol solution was add-
ed over the plate with culture medium. The positive result 
consisted of the appearance of a yellow clarification zone 
around the bacterial colonies [25]. Bacterial strains were in-
oculated on agar culture medium with DNA to observe the 
presence of DNases. A positive response indicating the pro-
duction of DNase is indicated by the appearance of a yellow 
halo around the colony on the blue agar.

To establish antibiotic resistance profiles, the inoculum 
used for seeding was represented by a bacterial suspension 
made from a pure bacterial culture developed on a solid cul-
ture medium (PCA medium), reported on a standard density 
scale of 0.5 MacFarland or 108 CFU/ml. The bacterial in-
oculum was seeded with a sterile cotton pad after soaking it 

in bacterial suspension and removing the excess suspension 
on the tube’s inner walls [20]. Antibiotics were placed on 
the culture medium using a dispenser, after which the plates 
were incubated at 37°C for 24 hours. Reading the results 
was carried out by a graduated ruler used to measure the 
diameters of the inhibition zones around each disc with an-
tibiotic [20].The data obtained from the measurements was 
reported to standardized tables for the diffusimetric method, 
recommended by CLSI (Clinical and Laboratory Standards 
Institute). For anaerobic bacteria, the results obtained were 
reported by the diffusimetric method according to the EU-
CAST (The European Committee on Antimicrobial Suscep-
tibility Testing) standard. Based on the results, it was estab-
lished whether a bacterial strain is sensitive (S), resistant 
(R), or intermediately sensitive (I) [18].

Results and discussion

Virulence factors
The selected strains were divided into seven microbial 

groups: aerobic Gram-positive cocci, anaerobic Gram-pos-
itive cocci, Gram-positive bacilli, fermentative Gram-nega-
tive bacilli, non-fermentative Gram-negative bacilli, anaero-
bic bacteria, and yeasts. The virulence profiles of different 
groups are presented in Figure 1. 

Regarding the virulence factors for strains belonging to 
the group of aerobic Gram-positive cocci, hemolysins pre-
dominated (Figure 1A). Lipases and lecithinases are includ-
ed in the category of pore-forming enzymes at the level of 
the eukaryotic cell membrane leading to the destruction of 
the lipid content in the membrane structure [18]. 

Staphylococcus was the predominant genus identified 
in the gram-positive aerobic cocci-producing hemolysins 
group. In particular, S. aureus is known to exhibit numerous 
virulence factors such as capsule, coagulase, teichoic acid, 
polysaccharides, and adhesins; enzymes such as esterases, 
alpha, beta, gamma, and delta hemolysins, fatty acid modi-
fying enzymes, various proteases, hydrolytic enzymes, cata-
lase, β-lactamase, and various toxins such as leukocidin, en-
terotoxins, TSST-1 [26-27]. Staphylococcal hemolysins are 
predominant and the best characterized among the virulence 
factors expressed by S. aureus, being very important in the 
pathology of staphylococcal infections through their ability 
to destroy host cells, including cells of the immune system, 
allowing the spread of bacteria inside the host [27]. The most 
studied hemolysin from S. aureus is α-hemolysin, encoded 
by the hla gene, which causes lysis of host cells, such as 
epithelial cells, endothelial cells, erythrocytes, monocytes, 
and keratinocytes, causing cell membrane damage and their 
apoptosis [28]. Hemolysin β is a non-pore-forming hemo-
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Figure 1.  Virulence factors profiles in the analyzed strains. (A) Gram-positive aerobic cocci; (B) Gram positive anaerobic 
cocci; (C) Fermentative Gram-negative bacilli; (D) Gram-negative non-fermentative bacilli); (E) Actinymoces spp; (F) Other 
Gram-positive bacilli; (G) Anaerobic bacteria; (H) Yeasts.
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lysin, a neutral sphingomyelinase secreted by most strains 
of S. aureus, also called warm-cold hemolysin due to the 
enhanced hemolytic activity observed below 10°C after in-
cubation at 37°C [28]. Gamma hemolysin increases the sur-
vival of the bacterial strain of S. aureus in human blood, 
with recent studies showing that strains that present gamma 
hemolysin are associated with bloodstream infections, in-
cluding bacteremia and septic arthritis in mouse experiments 
and endophthalmitis in rabbits [28]. Also, in the study by 
Kim and Lee, 2015 [29] on S. aureus strains isolated from 
patients with periodontitis, virulence genes for hemolysins 
were detected, i.e.: hla, hlb, and hld.

Other frequent virulence factors are DNase, caseinase, 
lecithinase, and lipase, while amylase and esculinase were 
less frequent in the analyzed strains. Lipase is an important 
enzyme that has implications for the pathogenesis of some 
microbial strains, which can form pores in the membranes of 
eukaryotic cells and alter the lipid content of these cells [18]. 
S. aureus secretes 2 lipases, lipase 1 (SAL1) and lipase 2 
(SAL2), encoded by the gehA and gehB genes, respectively. 
The enzymatic activities of lipases are conferred by the cata-
lytic triad, consisting of serine, aspartate, and histidine [30]. 
Although they share a similar catalytic mechanism, SAL1 
and SAL2 are different, such that the SAL1 lipase functions 
optimally at pH 6 and is stable under acidic conditions but is 
inactivated when the pH is above 10. At the same time, the 
SAL2 lipase functions optimally around pH 8 and is inactive 
under acidic conditions [30].

In strains of Gram-positive anaerobic cocci, the predomi-
nant virulence factors were amylase and DNase (Figure 1B). 
Esculinase, caseinase, lecithinase, gelatinase, and lipase had 
medium frequency, while hemosins were identified in fewer 
strains. The presence of a relatively high percentage of the 
proteases represented by caseinase and gelatinase could be 
explained by the presence of the Streptococcus genus within 
this group of bacteria, which is most often associated with 
the occurrence of dental caries, thus damaging the structure 
of the dental surface. Starch digestion involves enzymatic 
degradation, starting at the level of the oral cavity with the 
formation of maltose and maltodextrins, resulting in a high 
amount of carbohydrates for the nutrition of oral bacteria 
[31]. Oral streptococci are the commensal bacteria that colo-
nize the oral cavity and dental plaque biofilm, with some 
strains exhibiting surface proteins that bind α-amylase, the 
predominant enzyme in the saliva of many mammalian 
species [32].Amylase participates in the formation of the 
salivary film at the level of dental structures, the bacteria 
developing adhesion mechanisms to the film by binding to 
different amylase components, which leads to the initiation 
of bacterial dental plaque formation, which can also facili-

tate starch metabolism and bacterial development [32]. The 
amylase binding site is present in the enzyme’s glycosylated 
and non-glycosylated forms [31]. Salivary alpha-amylase 
exists as monomeric and dimeric forms with calcium and 
chloride ions, enhancing its enzymatic activity. The ability 
of α-amylase to bind to microorganisms is a calcium- and 
enzyme-activity-independent process [31]. Significant evi-
dence supports salivary amylase’s role in the production of 
dental caries. Studies in animals infected with S. mutans re-
vealed that a high-starch diet in the absence of sucrose re-
sulted in a lower frequency of caries production; cultivation 
of the bacterial strain S. mutans on the starch substrate in 
the absence of sucrose produced small amounts of biofilms 
and glucans on saliva-coated hydroxyapatite discs [33]. 
Enterococcus faecalis can resist antimicrobial substances 
and survive in a hostile, oligotrophic environment with in-
creased pH that can reach up to 11.5 [34].The association of 
the bacterial strain E. faecalis with the failure of endodontic 
treatments is due to the ability of this bacteria to invade the 
dentinal tubules and adhere to the collagen fibers present in 
the dentin structure [35]. The increased virulence of the E. 
faecalis strain is due to enterococcal surface proteins, ag-
gregating substances, serine proteases, hemolysins, gelati-
nases, and capsular polysaccharides [35]. Also, Enterococ-
cus faecalis has been associated with endodontic infections, 
and studies by researchers on the virulence factors of this 
strain have shown that this species expresses factors such 
as gelatinase and hemolysins. Dahlén et al., 2012 [36], and 
Komiyama et al., 2016 [37] reported the presence of lipase, 
hemolysins, and gelatinase, while Khadijeha et al., 2019 
[38] reported the presence of extracellular surface proteins 
and gelatinase.

Esculinase, gelatinase, and caseinase are the dominant 
virulence factors within the group of fermentative Gram-
negative bacilli (Figure 1C). Hemolysins and DNase were 
present in a moderate percentage, and amylase, lipase, and 
lecithinase were in a lower number compared to the other 
virulence factors.

The results obtained for the group of non-fermentative 
Gram-negative bacilli (Figure 1D) indicated a high frequen-
cy for esculinase and gelatinase, moderate for lecithinase, 
lipase, caseinase, hemolysins, and DNase, and some reduced 
strains were positive for amylase.

The results obtained regarding the virulence factors for 
Actinomyces strains indicated the predominance of hemo-
lysins (Figure 1E), followed by amylase, DNase, and escu-
lin. Few details are known about the virulence factors pro-
duced by Actinomyces species but in general; these bacteria 
are present in polymicrobial communities where the factors 
produced by Actinomyces would contribute to the pathologi-
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cal process, these species being involved in the formation 
of dental plaque; Actinomyces spp also interact with other 
plaque bacteria such as Fusobacterium, Provetella and Vieil-
lonella maintaining the integrity of bacterial plaque [40].

Hemolysins, DNase, and esculinase were the virulence 
factors for strains of the predominant Gram-positive bacilli 
genera (Figure 1F). Factors with a moderate frequency are 
caseinase and lipase, while virulence factors with a low fre-
quency are amylase, gelatinase, and lecithinase. Amylase, 
especially α-amylase, is an important biological product 
with wide applications in clinical practice and industry, and 
for this reason, microorganisms are considered cell suppliers 
to produce α-amylase, especially Bacillus subtilis [41].

The distribution of the virulence factors of the anaerobic 
bacteria in order of frequency was as follows: esculinase, 
DNase, amylase, lecithinase, lipase, hemolysins, and casei-
nase (Figure 1G).

Regarding the virulence factors of yeasts from the iden-
tified genera, respectively Candida and Magnusiomyces, in 
order of frequency, they are lipase, DNase, caseinase, escu-
lin, hemolysins, amylase, and lecithinase (Figure 1H). The 
genus Candida expresses lipase as a major virulence factor, 
followed by gelatinase and DNase. The study by Neji et al., 
2017 [39] on different strains of Candida revealed a high 

potential of yeast strains to produce caseinase, gelatinase, 
and hemolysins.

Antibiotics resistance profiles
The oral cavity is colonized by a characteristic and com-

plex microbial community that develops as biofilms on all 
dental and oral mucosal surfaces [42].The normal microbio-
ta of the oral cavity is associated with various oral patholo-
gies, one of which being periodontitis. Periodontal disease 
is caused by sessile and planktonic oral microbiota in saliva 
and dental plaque [43].

According to the protocol followed by clinicians, the 
treatment of periodontitis involves the mechanical removal 
of the microbial biofilm that causes inflammation and/or in-
fection. However, in some cases, in addition to the mechani-
cal removal of infected periodontal pockets, the clinical 
treatment plan for severe forms of periodontitis may involve 
the adjuvant use of antibiotics [44].

However, the inappropriate use of antibiotics can lead not 
only to an increase in the frequency of adverse reactions and 
healthcare costs but also to the risk of selecting antibiotic-
resistant strains such as methicillin-resistant Staphylococcus 
aureus (MRSA), vancomycin-resistant enterococci (VRE) 
and multidrug-resistant Gram-negative bacilli [45]. 

Figure 2. Antibiotic resistance profiles for (A) Staphylococcus spp; (B) Streptococcus spp; (C) Enterococcus spp. 
Abbreviations: TE - Tetracycline; VA - Vancomycin; DA - Clindamycin; E - Erythromycin; P - Penicillin G; FOX - Cefoxitin; 
AK - Amikacin; AMC Amoxicillin/ clavulanic acid; CAZ - Ceftazidime; CTX - Cefotaxime; OX - Oxacillin; GM - Gentamicin; 
FEP - Cefepime; CRO - Ceftriaxone; LNZ - Linezolid; CN - Cefalexin. 
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Regarding the Gram-positive selected strains, Staphylo-
coccus spp. (Figure 2A) were resistant to cefotaxime (n=7), 
penicillin (n=5) and erythromycin (n=5). Low resistance 
rates were recorded for antibiotics such as tetracycline, oxa-
cillin, clindamycin, vancomycin, cefoxitin, amikacin, amox-
acillin/clavulanic acid, ceftazidime, and gentamicin.

The study carried out by Garbacz et al., 2021 [46] on bac-
terial strains of staphylococci isolated from the oral cavity 
revealed that bacterial isolates were resistant to penicillin in 
a proportion of 62.5%, erythromycin (30.7%), followed by 
tetracycline (30.2%), cefoxitin/oxacillin (13.5%), clindamy-
cin (15.1%), trimethoprim/sulfamethoxazole (10.4%), fusidic 
acid (7.8%) and chloramphenicol (4.7%), susceptibility of 
staphylococci was recorded in the case of vancomycin. Recent 
studies indicate increased rates of MRSA in the oral cavity 
[47]. The research carried out by Kim and Lee, 2015 [29] on 
bacterial strains of Staphylococcus aureus isolated from the 
oral cavity from patients with periodontitis highlighted the fact 
that most strains were susceptible to vancomycin, chloram-
phenicol, clindamycin, imipenem, and sulfamethoxazole. The 
resistance of the analyzed strains was observed in the highest 
proportion for penicillin and in a lower proportion for oxa-

cillin, erythromycin, tetracycline, and gentamicin. Likewise, 
the research by Georgiev et al., 2009 [48] on the antibiotic 
resistance of staphylococci strains isolated from patients with 
generalized periodontitis revealed sensitivity to gentamicin, 
concluding that gentamicin is active on aerobic bacteria. In 
the study carried out by Malinda and Prisinda, 2022 [49] on 
the susceptibility to antibiotics on bacterial strains isolated 
from apical abscesses, the sensitivity of Staphylococcus spp. 
strains to penicillin and vancomycin and their resistance to 
clindamycin were revealed.

In this study, as in other studies, oral staphylococcal 
strains were resistant to erythromycin and penicillin, to 
which oxacillin and gentamicin are added in smaller pro-
portions, were identified, with only one MRSA strain being 
identified.

In the case of the microbial strains belonging to the 
Streptococcus genus, a multi-drug resistance phenotype to 
antibiotics was observed, with sensitivity being observed 
for amoxicillin, ofloxacin, linezolid, and tetracycline (Fig-
ure 2B). The study carried out by Malinda and Prisinda, 
2022  [49] on the susceptibility to antibiotics on bacterial 
strains isolated from apical abscesses, it revealed the sensi-

Figure 3. Antibiotics resistance (A) Enterobacter spp; (B) Other Enterobacteriaceae than Enterobacter spp; (C) Gram‑negative 
non-enteric bacilli; (D) Pseudomonas spp). Abbreviations: AMP - Ampicillin; KZ - Cefazolin; AMC -Amoxicillin/ 
clavulanic acid; CRO - Ceftriaxone; FEP - Cefepime; FOX - Cefoxitin; CMX - Cefuroxime; CN - Cefalexin; AK - Amikacin; 
CIP - Ciprofloxacin; AMX - Amoxicillin; PRL - Piperacillin; ATM - Aztreonam; TE - Tetracycline; SXT - Trimethoprim / 
sulfamethoxazole; CTX - Cefotaxime; GM - Gentamicin; CAZ - Ceftazidime; IMP - Imipenem; TOB - Tobramycin. 
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tivity of strains belonging to the genus Streptococcus spp. to 
amoxicillin and resistance to clindamycin and vancomycin, 
similar results being obtained in this work. 

Enterococcus strains were predominantly resistant to 
penicillin, vancomycin, cephalexin, tetracycline, eryth-
romycin, and linezolid and sensitive to ciprofloxacin and 
chloramphenicol (Figure 2C).Relatively similar results were 
observed in the study by Komiyama et al., 2016 [37] on En-
terococcus spp. strains isolated from patients of different 
ages, which revealed that the strains showed high antibiotic 
resistance to tetracycline (53.8%), amoxicillin (12.3%), am-
picillin (16.0%), erythromycin (43.4%).

The study by Prado et al., 2017 [50] on antibiotic re-
sistance of E. faecium and E. faecalis strains isolated from 
root canals revealed that E. faecalis was resistant to tetracy-
cline, ciprofloxacin, and azithromycin, while E. faecium was 
sensitive to all antibiotics tested, suggesting that E. faecium 
showed higher susceptibility to antibiotics than E. faecalis. 

Regarding the selected Gra,-negative isolates, the resis-
tance profile for the strains of the Enterobacter genus was 
analyzed (Figure 3A), and it was observed that the strains 
of this genus were predominantly resistant to cefoxitin, am-
picillin and cefazolin, ciprofloxacin, amoxicillin-clavulanic 
acid. The study by Jepsen et al., 2022 [51] on bacterial iso-
lates from German periodontitis patients revealed increased 
resistance of Enterobacter spp. strains to ciprofloxacin, and 
amoxicillin-clavulanic acid, while bacterial isolates from pa-
tients with periodontitis from Rio de Janiero were susceptible 
to ciprofloxacin. In the United States, Enterobacter is the sec-
ond most common genus of carbapenem-resistant Enterobac-
teriaceae, contributing increasingly to the spread of infections 
with carbapenem-resistant bacteria [52]. Resistance to these 
antibiotics and the emergence of multidrug resistance have 
increased interest in these organisms because Enterobacter 
cloacae bacterial strains are nosocomial pathogens capable of 
producing various infections and septicemia [51].

After analyzing the antibiotic resistance profile of all mi-
crobial strains belonging to the Enterobacteriaceae family 
(Figure 3B), it was observed that these strains are resistant 
in the highest proportion to ampicillin, cephalexin, pipera-
cillin, cefoxitin, and tetracycline. Amoxicillin and moxi-
floxacin are antibiotics used in the prophylaxis of dental 
infections after tooth extraction. Diz Dios et al. 2006 [53] 
showed that the use of amoxicillin and moxiflocin reduced 
the prevalence and duration of post-extraction bacteremia, 
the study suggesting that moxiflocin is a promising alternati-
ve for the prevention of dental infections. A study carried out 
on bacterial strains that are part of the Enterobacteriaceae 
family, namely strains of the genera Enterobacter, Klebsi-
ella, Serratia, Escherichia, and Pantoea, reported similar 

results regarding resistance to antibiotics such as ampicillin, 
amoxicillin, amoxicillin-clavulanic acid, cefotoxin, and in 
the case of imipenem and meropenem, sensitivity was pre-
served [54]. Also, in this study, it was observed that these 
strains are beta-lactamase producers, thus suggesting that in 
the oral cavity of people with endodontic problems could be 
reservoirs for these enzymatic resistance mechanisms.

Regarding the resistance profile of the microbial strains 
that are part of the group of non-enteric Gram-negative ba-
cilli, high resistance to ceftazidime, cefotaxime, aztreonam, 
piperacillin, and imipenem was observed (Figure 3C). Among 
non-enteric bacilli, Pseudomonas aeruginosa strains gain ac-
cess to the pharynx and oral cavities from external sources 
or transiently colonize the upper respiratory tract, but their 
presence in the oral cavity has not been investigated in detail 
[51]. The strains of the genus Pseudomonas isolated in this 
work were sensitive to almost all tested antibiotics except pi-
peracillin and cephalexin (Figure 3D). In the case of anaerobic 
bacteria, according to EUCAST, two Bacteroides urealyticus 
bacterial strains were tested and proven susceptible to the two 
antibiotics (i.e., piperacillin-tazobactam and meropenem).

Conclusions
Regarding the distribution of soluble virulence factors, 

esculinase and proteases predominated both in the case of 
non-fermentative and fermentative Gram-negative bacilli, 
hemolysins were identified in the genus Actinomyces and in 
the case of aerobic Gram-positive cocci, in anaerobic Gram-
positive cocci amylase and DNase predominated while in 
the case of yeast strains, lipase and DNase.

Enterobacteriaceae strains showed high levels of re-
sistance to penicillins (ampicillin) and first generation ce-
phalosporins (cephalexin and cefazolin), non-enteric Gram-
negative bacilli to piperacillin, penicillins with inhibitors, 
carbapenems, aminoglycosides, and quinolones, Staphylo-
coccus sp. strains to penicillin and erythromycin, Entero-
coccus sp. strains to vancomycin and penicillin, and Strep-
tococcus sp. strains to penicillin, clindamycin, eithromycin. 
Anaerobic bacterial strains revealed 100% sensitivity to 
most antibiotics tested.
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Introduction
Low-grade appendiceal mucinous neoplasms (LAMNs) 

are rare epithelial neoplasms of the cecal appendix, ac-
counting for less than 1% of gastrointestinal tract neo-
plasms and approximately 0.3% of appendiceal neoplasms 
[1, 2, 3]. These are heterogeneous diseases of unknown 
etiology, occurring in the sixth or seventh decade of life 
and have a female to male ratio of ~1. One study, pub-
lished by Akay et al. [4] indicates a lower age for males 
than females and the overall average. Thus, they present 
cases of low-grade appendiceal mucinous neoplasms with 
mean ages of 48.6 years (55.4 years for women and 41.4 
years for men), indicating that this type of tumor may 
occur earlier than initially thought. Low-grade appen-
diceal mucinous neoplasms (LAMNs) are characterized 
by well-differentiated tumors with proliferation of the 
appendiceal mucosal epithelium, extracellular mucinous 
secretion and pushing tumor margins. Being frequently 
asymptomatic and without causing discomfort, low-grade 
appendiceal mucinous neoplasms are difficult to diagnose 
before appendectomy for appendicitis [5]. However, in 
some cases, there may be abdominal pain and distention, 
or a palpable mass may be identified on abdominal or pel-
vic examination, but these are not mandatory. In almost 
half of the cases, calcifications of the appendiceal wall 
may occur. Low-grade appendiceal mucinous neoplasms 
are considered to have variable malignant potential and 
are generally perceived as semi-malignant tumors. They 
lack classical invasiveness, often being confined to the 
appendiceal wall, sometimes perforating it, seeding the 

peritoneal cavity with neoplastic mucinous cells, acquir-
ing malignant potential and causing pseudomyxoma peri-
tonei [6, 7, 8]. 

Anatomopathological features
Low-grade appendiceal mucinous neoplasms are a 

unique subtype of appendiceal tumors, which, under the 
microscope, take several forms, all of which have low aty-
pia, resemble low-grade colonic dysplasia, and often lack 
lymphoid tissue. The typical form of low-grade appendiceal 
mucinous neoplasm is characterized by the replacement of 
normal mucosal tissue with villous filiform mucinous epi-
thelial proliferations (Figure 1). The tumor cells begin to 
secrete excess mucin, which becomes accumulated in the 
cytoplasm as vacuoles, the increased volume and number of 
vacuoles compressing the nuclei. Other forms of low-grade 
appendiceal mucinous neoplasms present mucosa with a 
wavy or scalloped appearance, columnar epithelial cells 
having nuclear pseudo-stratification and growing on fibrotic 
submucosal tissue, whereas other forms present the muci-
nous epithelium as a flattened or attenuated monolayer [6, 7, 
9, 10, 11]. Frequently, the appendix wall may have varying 
degrees of hyalinization, calcification and fibrosis, with epi-
thelial proliferation increasing within this tissue, partially or 
completely invading the appendix wall structures. Invasion 
of the appendiceal wall is destructive, confluent, cribriform 
and with desmoplasia, indicating infiltrative growth and 
leading to the diagnosis of appendiceal mucinous adenocar-
cinoma. Fibrosis of the appendix wall structures makes it 
difficult to identify its layers and, consequently, to assess the 

Figure 1. Transition between normal-appearing appendiceal epithelium (right, indicated by green arrow) and transformed 
epithelium with lesions characteristic of low-grade appendiceal mucinous neoplasm (left), represented by reactive 
epithelium (red arrow), which has a muscular layer underneath (yellow arrow), and dysplastic epithelium (black arrow), 
underneath which the muscular layer of the mucosa is missing (white arrow), HE, 100×.



Various facets of LAMNs

3885

status of the invasion. When serosa is affected, portions of 
the hyaline wall are replaced by bands of low-grade muci-
nous epithelial cells that abundantly produce extracellular 
mucin. In some cases, mucin causes dissection of the appen-
dix wall, resembling diverticula, and further ruptures of the 
appendix, with intraperitoneal seeding of mucinous tumor 
cells [6, 12]. 

Genetic features
In low-grade appendiceal mucinous neoplasms, muta-

tions have been identified in many genes that are part of the 
RAS–RAF–MEK–ERK, PI3K–PKB/AKT, JAK–STAT, 
angiogenesis (including NOTCH) WNT and TGFB–TGF-
BR–SMAD signaling pathways (Figure 2). A smaller num-
ber of mutations are present in genes involved in DNA me-

tabolism/expression, in genes encoding for enzymes and in 
genes with various cellular activities. In the RAS–RAF–
MEK–ERK signaling pathway, genes mutated in low-
grade appendiceal mucinous neoplasms are KRAS, NRAS, 
BRAF, mainly targeting the KRAS (Kirsten ras oncogene 
homolog) gene. It is part of the RAS gene family, which 
encodes GTPases that transduce signals between the cell 
membrane and the Golgi apparatus and are involved in pro-
liferation, cell adhesion and migration, evading apoptosis, 
and stimulating angiogenesis. In some cases, mutations of 
the KRAS gene are present together with inactivating muta-
tions of the TP53 (Tumor Protein 53) gene. Another mem-
ber of this gene family, NRAS (Neuroblastoma RAS Viral 
Oncogene Homolog), appears mutated in some cases of 
low-grade appendiceal mucinous neoplasms. Of the RAF 

Figure 2. Altered signaling pathways in low-grade appendiceal mucinous neoplasms. Genes affected by mutations are written 
in bold, blue characters.
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gene family, the BRAF (Rapidly accelerated fibrosarcoma 
B) gene is mutated, the most common defect affecting 
codon 600 (V600E), sometimes occurring simultaneously 
with mutations in the TP53 gene. Of the genes involved 
in the PI3K–PKB/AKT signaling pathway, most mutations 
occur in the PIK3CA (Phosphatidylinositol-4,5-Bisphos-
phate 3-Kinase Catalytic Subunit Alpha), and AKT1 (AKT 
Serine/Threonine Kinase 1) genes. The PI3K–PKB/AKT 
pathway constitutes an alternative pathway to RAS–RAF–
MEK–ERK by which tumors proliferate, evade apoptosis, 
and stimulate angiogenesis. In most cases, mutations in 
the PIK3CA gene rarely occur simultaneously with those 
in KRAS. The JAK–STAT signaling pathway contributes 
to evading apoptosis and stimulating angiogenesis and, in 
low-grade appendiceal mucinous neoplasms, the most mu-
tated gene is JAK3 (Janus Kinase 3 protein). Stimulation of 
angiogenesis is enhanced by mutations in GNAS (G Protein 
Subunit Alpha S or Secretogranin VI) gene, which modu-
lates the function of a number of hormones and molecules 
and is also involved in activating cAMP and stimulating 
several signaling pathways, and CBP/CREBBP (Cyclic ad-
enosine monophosphate Response Element Binding Pro-
tein or CREB-binding protein) gene, which is a cofactor 
in the transcription of many genes, including MYB, JUN, 
FOS, E1A and E6 oncogenes, as well as the tumor sup-
pressor genes TP53, E2F (E2F Transcription Factor), RB 
(Retinoblastoma-Associated Protein), SMADs (Mothers 
Against DPP Homologues), RUNXs (Runt-Related Tran-
scription Factors) and BRCA1 (Breast And Ovarian Can-
cer Susceptibility Protein 1). The most common mutations 
in the GNAS gene are p.R201H, c.602G>A and p.R201C, 
c.602 C>T. These defects are likely to play an important 
role in the mucin abundance that characterizes low-grade 
appendiceal mucinous neoplasms. The four members of 
the NOTCH gene family encode the type I transmembrane 
receptors NOTCH1 through NOTCH4 (Translocation-As-
sociated Notch Protein TAN-1–4), which play an important 
role in the transduction of the pro-angiogenic signal via 
the NOTCH–HER/ERBB2–HES/HEY–VEGFR3 pathway. 

Inactivating mutations in the APC (Adenomatosis Polypo-
sis Coli Tumor Suppressor) gene, which acts as an antago-
nist of the WNT signaling pathway, contribute to MYC/
cMYC (V-Myc Avian Myelocytomatosis Viral Oncogene 
Homolog) activation and cell proliferation, tumor invasion 
and metastasis, evasion of apoptosis, and angiogenesis, all 
very important events in tumorigenesis. Insensitivity to 
anti-growth signals via the TGFB–TGFBR–SMAD signal-
ing pathway sustains tumor growth. Of the genes involved 
in this signaling pathway, TGFBR2 (Transforming Growth 
Factor Beta Receptor 2), SMAD2 (SMAD-Mothers Against 
Decapentaplegic Homologue 2), SMAD3 (SMAD-Moth-
ers Against Decapentaplegic Homologue 3) and SMAD4 
(SMAD-Mothers Against Decapentaplegic Homologue 
4) are mutated in a few cases of low-grade appendiceal 
mucinous neoplasms. Mutations in other genes, such as 
those involved in DNA metabolism/expression (FANCA, 
RAD51C), in those encoding for enzymes (ARID1A, DIS3, 
FH, SMARCA4) and in genes with various cellular activi-
ties (FAT4, MED12, RNF43, STK11, TSC1), are rare, but 
these may be important events in the tumor process [6, 13, 
14, 15, 16, 17].

Staging and prognosis of low-grade 
appendiceal mucinous neoplasms

According to the Union for International Cancer Con-
trol (UICC) staging system, low-grade appendiceal muci-
nous neoplasms comprise stages pTis, pT3 and pT4, while 
pT1 and pT2 are missing. Thus, tumors extending only to 
the muscularis propria, without affecting the mesoappen-
dix or serosa, are considered pTis, although this diagnosis 
requires correlation with the intraoperative findings and an 
evaluation by the operator (Table 1; Figure 3). Low-grade 
appendiceal mucinous neoplasms staged pTis are at no risk 
of recurrence and have an excellent prognosis. Tumors with 
acellular mucin or mucinous epithelium extending into the 
subserosa (without serosa involvement) or mesoappendix 
are considered pT3. To observe the extent of the tumor and 

Table 1. Staging and prognosis of low-grade appendiceal mucinous neoplasms
pT stage Features Prognostic

pTis Lesion affecting only the appendiceal wall, with the 
possibility of acellular mucin or mucinous epithelium 

disrupting muscularis propria. Histological examination of 
the entire appendix is required.

In general, there is no risk of recurrence.

pT3 Appendiceal subserosal or mesoappendix involvement 
without extension to the serosa. Histological examination of 

the entire appendix is required.

As the risk for recurrence is not known, follow-up is 
required for 10 years until the risk of recurrence is updated.

pT4a Peritoneal involvement and invasion of the serosa or 
mesoappendix with cellular or acellular mucin

In acellular mucin, the risk of peritoneal recurrences is 
low. In the case of cellular mucin, the risk of peritoneal 

recurrences is high. Cytoreductive surgery with or without 
HIPEC, and follow-up within 10 years is required.

pT4b
Involvement of the peritoneum and direct invasion of 

adjacent organs or structures



Various facets of LAMNs

3887

whether or not it affects the subserosa, histological examina-
tion of the entire appendix is required. Low-grade appen-
diceal mucinous neoplasms staged pT3 have an unknown 
risk of peritoneal recurrence, requiring long-term follow-up 
for 10 years or until the recurrence status changes. By inva-
sion of at least the appendiceal serosa or by perforation of 
the appendix with invasion of adjacent organs, tumors are 
classified as pT4. In this sense, when mucinous epithelium 
invades the appendiceal serosa or mesoappendix, or when 
the appendiceal tumor seeds the peritoneal cavity and acel-
lular/cellular mucin invades the visceral peritoneum, the tu-
mors are staged as pT4a. The presence of mucin does not 
include luminal or mural spread in the cecum, but mucinous 
deposits on the serosa are associated with neovasculariza-
tion, being traversed by small capillaries with red cells. The 

presence of neovascularization indicates activation of sig-
naling pathways that promote angiogenesis. On the other 
hand, when cell seeding from the tumor into the peritoneal 
cavity leads to direct invasion of adjacent organs and struc-
tures, tumors are staged as pT4b. Peritoneal dissemination 
limited to acellular mucin only indicates stage M1a. When 
metastases are confined to the peritoneum only, regardless of 
their nature, the tumor stage is M1b, and when they develop 
outside the peritoneum, the tumor stage is M1c. The risk of 
peritoneal recurrence is reduced when the mucin is acellular, 
but becomes increased in the presence of cellular mucin, and 
long-term follow-up for 10 years with periodic imaging is 
highly required [16, 18].

Metastasis and complications 
of low‑grade appendiceal mucinous 
neoplasms

Low-grade appendiceal mucinous neoplasms are recog-
nized as indolent tumors, characterized by “push” patterns 
of growth instead of invasiveness, and which rarely metasta-
size or produce complications. Metastases derived from low-
grade appendiceal mucinous neoplasms occur preferentially 
in the peritoneal cavity and ultimately lead to pseudomyxoma 
peritonei [1, 19, 20, 11, 4, 21], a life-threatening condition. 
Rarely, low-grade appendiceal mucinous neoplasms can me-
tastasize to the fallopian tube mucosa [22], pulmonary pleura 
[23, 24] and inguinal nodes [25] (Figure 4). Although located 
at a great distance, pleuropulmonary metastases may arise 
from low-grade appendiceal mucinous neoplasms alone [23] 
or from their collisions with appendiceal neuroendocrine tu-

Figure 3. Illustration of structures affected by low-grade 
appendiceal mucinous neoplasms in different stages. With 
black text the normal components of the appendix wall 
are shown in cross-section and with red text the low-grade 
appendiceal mucinous neoplasms.

Figure 3. Metastatic sites of low-grade appendiceal mucinous neoplasms.
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mors [24]. In some cases, low-grade appendiceal mucinous 
neoplasms may occur in association with other tumor times, 
such as urothelial carcinoma [26] and mucinous neoplasm 
of the renal pelvis [27], with no known causal relationship 
between them.

Among the most common complications of low-grade 
appendiceal mucinous neoplasms are ileocecal intus-
susception with bowel obstruction [28, 29], small bowel 
obstruction [30], ureteral obstruction [2], volvulus [31], 
ovarian lesions [32], rupture [33], abscesses [34], fistula 
[35, 36], and pseudomyxoma peritonei [2, 33]. Abscesses 
originating in low-grade appendiceal mucinous neoplasms 
can occur in internal organs in close proximity to the ap-
pendix, including the fallopian tube and ovary [37] and 
the iliopsoas muscle, the latter being very difficult to treat 
or untreatable. Appendiceal fistula defines spontaneous 
rupture of inflamed appendix internally, into urinary blad-
der, ileum, caecum, duodenum, ascending colon, Meckel’s 
diverticulum and uterus, and externally, into right buttock, 
right flank, iliac fossa, groin or umbilicus [38]. Sometimes 
external fistulas may open from an internal abscess in con-
tact with the tip of the neoplastic appendix. Fistula forma-
tion can lead to favorable prognosis. When the evacuation 
of appendix contents occurs in the peritoneal cavity and 
tumor cells seed the peritoneum, pseudomyxoma perito-
nei may result. Its frequency is 1-2 per million and it is 
a debilitating, disabling condition with increased risk of 
death [39, 40].

Treatment options
According to the Chicago Consensus Working Group 

[41], the first invasive investigation is surgical exploration 
to identify peritoneal spread. In low-grade appendiceal 
mucinous neoplasms, appendectomy is recommended, 
with verification of the invasiveness of the margins of the 
tumor lesion. When the margins are negative, the thera-
peutic course follows two strategies, depending on the 
perforation of the appendiceal wall. Thus, when the ap-
pendiceal wall is not perforated and the mucin or neoplas-
tic cells have not been seeded extra-appendiceal, appen-
dectomy is curative, without the need for post-operative 
monitoring. However, when mucin or mucinous cells are 
present extra-appendiceal, consideration of intraperitoneal 
chemotherapeutic treatment with subsequent monitoring is 
recommended. When the margins of the appendiceal tumor 
lesion are positive, cecectomy or ileocecectomy is recom-
mended, with subsequent monitoring. For pseudomyxoma 
peritonei, cytoreductive surgery and hyperthermic intrap-
eritoneal chemotherapy are indicated, with or without pe-
rioperative systemic chemotherapy [41, 42, 43, 44]. For 

low-grade appendiceal mucinous neoplasms, one-year 
survival is over 90% and five-year survival is over 80%, 
decreasing considerably for complicated cases, including 
pseudomyxoma peritoneum [45].

Discussions
Low-grade appendiceal mucinous neoplasms are epi-

thelial tumors that result from uncontrolled proliferation 
of mucinous cells in the lining of the appendix. Mucin be-
comes accumulated as vacuoles in the cell cytoplasm. As 
the vacuoles increase in volume, they marginalize the cell 
nucleus, in some cases compressing it. At the same time, 
the wall of the appendix becomes fibrotic and hyalinized, 
gradually giving way to mucinous cells. It is important to 
note that the margins of low-grade appendiceal mucinous 
neoplasms advance by pushing, without invading the sur-
rounding area. Sometimes, the pressure that the mucin 
exerts on the appendiceal wall is felt as pain and leads to 
the diagnosis of appendicitis, and the tumor progression is 
stopped by appendectomy. These are the happiest cases and 
are usually free of recurrences, with patients resuming their 
pre-operative lives. At other times, the pain is absent and 
the progression continues, with mucin accumulation and 
cell proliferation continuing and pressing on the wall of the 
appendix, which becomes very swollen and may rupture. 
Through the fissure, the contents of the appendix are re-
leased, consisting of acellular mucin or mucin with tumor 
cells, which reaches the peritoneal cavity and seeds vari-
ous organs, most commonly the peritoneum or, in the case 
of women, the internal genitalia. There are cases when the 
ruptured appendix is trapped by internal organs (cecum, 
internal genitalia, bladder, iliopsoas muscle) or the ab-
dominal wall and perforates them, producing abscesses or 
fistulas through which its contents are released. When the 
appendix is not attached to any internal organ, its contents 
are discharged into the abdominopelvic cavity. In the ab-
sence of pain, other symptoms do not alarm patients, and 
the diagnosis cannot easily be made. It is only when the 
fistula perforates the abdominal wall or when the accumu-
lation of mucin in the abdomen causes it to become distend-
ed that patients receive a strong alarm signal and present 
themselves to the doctor. Through imaging investigations, 
surgery and pathological, genetic and immunohistochemi-
cal analyses, the correct diagnosis is made and patients are 
given a chance of a cure. While for some cases a single 
surgical intervention, followed or not by chemotherapy, is 
sufficient for cure, other cases are marked by recurrences, 
requiring repeated evacuation of mucinous accumulations, 
which, over time, can become disabling, difficult to operate 
and with an increased risk of death.
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Conclusions
Low-grade appendiceal mucinous neoplasms are dis-

eases with semi-malignant features which, when confined 
to the appendiceal mucosa, have a very good prognosis, 
but as they become more extensive and extend beyond the 
appendix, they become more difficult to treat and have a 
higher risk of recurrence and death. As rare neoplasms, no 
standardized methods of diagnosis, treatment or monitoring 
have been developed for low-grade appendiceal mucinous 
neoplasms, making their management difficult, especially 
for advanced cases. 

Future perspectives
For low-grade appendiceal mucinous neoplasms, future 

perspectives are directed towards difficult cases, including 
pseudomyxoma peritonei, and are geared towards improv-
ing diagnosis, increasing treatment efficacy and reducing 
the risk of recurrence and mortality. To improve diagnosis, 
a battery of specific markers for these diseases needs to be 
identified and included in a set of analyses performed an-
nually. To increase the effectiveness of treatment, knowl-
edge of the disease and its response to therapy needs to 
be improved. In addition, it is necessary to test innova-
tive therapies or to find therapeutic strategies that combine 
several types of treatment and that take into account the 
genetic characteristics of this type of tumor in order to re-
duce their resistance and the risk of recurrence as much as 
possible.
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