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Abstract: Areca nut consumption is a popular habit in Southeast Asian countries. 
One of  the important biologically active alkaloids of  areca nut is arecoline, which 
plays a role in mediating the development of  several pathologies of  the primary 
exposure site, the oral cavity. Studies on the metabolism of  arecoline revealed 
the formation of  several metabolites which themselves might be toxic. Moreover, 
polymorphisms in genes encoding enzymes involved in the metabolism of  arecoline 
might predispose an organism towards the development of  oral cancer. The present 
review tries to accumulate all the relevant existing literature and then elucidate 
the molecular mechanism by which arecoline plays a role in the development of  
oral submucous fibrosis and oral cancer. Existing information regarding arecoline 
metabolism, enzymes involved in the metabolic process and biological effects of  the 
metabolites of  arecoline have also been compiled and compared to study the toxicity 
of  metabolites with its parent compound arecoline and whether they play any role 
in the pathogenesis of  oral cancer mediated by areca nut consumption. A repertoire 
of  molecular targets has come up in the discussion whose expression profile is 
perturbed by arecoline. Construction of  induction cascade from existing literature 
has given an idea about the process of  molecular pathogenesis. The summarized 
and analysed data can help to determine the molecular mechanism and drug targets, 
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which in turn could be helpful in the prevention or treatment of  these pathological 
conditions. It also brings into light areas where further research needs to be directed.

Introduction
Mortality is a severe issue in the case of  oral cancer, as indicated by the International 
Agency for Research in Cancer (IARC) report, GLOBOCAN series, 2012. According 
to this data, globally, 300,000 cases of  oral cancer and 145,000 cases of  death 
were reported in the year 2012 (Ferlay et al., 2015). As this form of  cancer majorly 
develops from the squamous cell region of  the oral cavity, it is also called oral 
squamous cell carcinoma (OSCC) (Rivera, 2015). The metastatic form is preceded 
by several pre-malignant stages, including leukoplakia, erythroplakia, oral lichen 
planus, and oral submucous fibrosis (OSF). These lesions show different rates 
of  transformation to the cancerous stage: 3.6 to 17.5% in leukoplakia, 70.3% in 
proliferative verrucous leukoplakia, 14 to 50% in erythroplakia, 0.04 to 1.74% in oral 
lichen planus and 7 to 13% in oral submucous fibrosis (Reichart and Philipsen, 2005; 
Tilakaratne et al., 2006; Kademani, 2007).

Areca nuts have been classified as a Class I carcinogen by IARC (IARC Working 
Group on the Evaluation of  Carcinogenic Risks to Humans, 2004). The chemical 
composition of  areca nut comprises alkaloids, flavonoids, tannins, along with 
carbohydrates, proteins, fats, crude fibre, and elements (IARC Working Group 
on the Evaluation of  Carcinogenic Risks to Humans, 2004; Peng et al., 2015). Of  
these, an important constituent is the alkaloid arecoline (IARC Working Group on 
the Evaluation of  Carcinogenic Risks to Humans, 2004). In a study by Cox et al. 
(2010), most of  the habitual areca nut consumers were found to have a baseline 
concentration of  arecoline in saliva reaching up to 2.4 µg/ml (0.01 mM). Apart 
from saliva, arecoline was detected in blood plasma, hair samples and breast milk 
samples from areca nut consumers (Marchei et al., 2005; Pellegrini et al., 2007; Wu 
et al., 2010). It was also detected in the excreta collected from new-borns, whose 
mothers had consumed areca nut during their gestation period (Pichini et al., 2003). 
Therefore, the effects induced by arecoline might be due to its stability in the system 
apart from direct exposure.

The metabolic profile of  arecoline has brought into light the existence of  several 
metabolites (Nery, 1971; Giri et al., 2006). Few of  these metabolites have been 
detected in body fluids of  areca nut consumers opening up another area of  research 
involved in investigating the role of  these metabolites in areca nut mediated oral 
pathologies.

In this review, we try to (1) create a metabolic map of  arecoline from existing 
literature, (2) discuss the molecular mechanisms and pathways induced by arecoline 
that are responsible for the development of  oral submucous fibrosis (OSF) and oral 
squamous cell carcinoma (OSCC), (3) describe the biological effects of  arecoline 
metabolites and thereby assess if  the metabolites are more toxic than the parent 
compound itself  and play a part in the pathogenesis of  OSF and OSCC, and finally 
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(4) understand the mechanism of  metabolism of  arecoline and arecoline N-oxide by 
gathering knowledge about enzymes involved, which in turn may enable to estimate 
predisposition of  an individual towards the development of  oral cancer in areca nut 
consumers.

Metabolism of arecoline
The metabolic profile of  arecoline might play a role in areca nut mediated 
pathogenesis of  OSF and OSCC. This brings out the need to delve into the depths 

Figure 1 – Chemical structure of  arecoline and metabolites.
(a) arecoline; (b) arecaidine; (c) arecoline N-oxide; (d) arecaidine N-oxide; (e) N-methylnipecotic acid;  
(f ) 1-methylnipecotic acid 1-oxide methylester; (g) 1-methyl-3,4-dehydropiperidine-3-carboxaldehyde;  
(h) arecaidinylglycerol; (i) arecaidinylglycine; ( j) N-methylnipecotylglycine; (k) mercapturic acid of  arecoline;  
(l) mercapturic acid of  arecaidine; (m) mercapturic acid of  arecoline N-oxide; (n) 4-mercapto-1-methylnipecotic 
acid methylester; (o) 4-methylmercapto-1-methylnipecotic acid 1-oxide methylester;  
(p) 3-methylnitrosaminopropionitrile; (q) 3-methylnitrosaminopropionaldehyde; (r) N-nitrosoguvacoline;  
(s) N-nitrosonipecotic acid.
(b, c, d, e, h, i, j, k, l, m, p, q, r – metabolites of  arecoline; d, e, h, i, j, l – metabolites of  arecaidine;  
a, b, f, g, k, m, n, o – metabolites of  arecoline N-oxide; s – metabolite of  N-nitrosoguvacoline)
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of  the metabolomics of  arecoline and explore its potential towards the development 
of  oral pathology. Metabolism of  arecoline starts in the oral cavity itself. Both 
nitrite and thiocyanate (catalyst for nitrosation reaction) are present in human saliva 
(Boyland et al., 1971; Shivapurkar et al., 1980; Wenke et al., 1984a). When arecoline 
was incubated with sodium nitrite with or without sodium thiocyanate, the formation 
of  three compounds was observed: 3-(methylnitrosamino)propionaldehyde 
(MNPA), 3-(methylnitrosamino)propionitrile (MNPN) and N-nitrosoguvacoline 
(NGL) (Wenke and Hoffmann, 1983). Of  these, NGL and MNPN were detected in 
the saliva of  betel quid chewers (without tobacco) in the range of  2.2–9.5 µg/l and 
0.5–11.4 µg/l, respectively (Wenke et al., 1984a; Prokopczyk et al., 1987). These 
findings indicate that nitrosation of  arecoline does take place in the oral cavity of  
areca nut consumers, and thereby, buccal cells do get exposed to these nitrosated 
metabolites on chewing areca nut. In a mammalian test system, N-nitrosonipecotic 
acid (NNIP) was detected as a product of  metabolism of  NGL (Ohshima et al., 
1989). MNPA has not been detected in saliva samples of  areca nut consumers. 
However, as the formation of  MNPA from arecoline takes place under in vitro 
conditions, fast metabolism of  MNPA to its metabolites in vivo might explain 
this finding. The metabolome of  arecoline, arecaidine and arecoline N-oxide in 
vivo was investigated by Nery (1971) and Giri et al. (2006, 2007). This research 
revealed several unknown and novel metabolites (Figure 1). Of  these, arecaidine 
and N-methyl nipecotic acid were detected in the urine of  areca nut consumers 
(Hu et al., 2010).

Figure 2 depicts a metabolic map of  arecoline.

Role of arecoline in induction of oral pathologies
Genotoxic effects of  arecoline were proved in mice using tests evaluating the 
formation of  chromosomal aberrations and micronucleus (Shirname et al., 1984; 
Deb and Chatterjee, 1998). At the molecular level, arecoline induces a DNA damage 
response cascade involving phosphorylation of  ataxia-telangiectasia (ATM) kinase 
and its downstream targets checkpoint kinase 1/2 (Chk1/2), p53 and Nbs1, leading 
to a G2/M cell cycle arrest. However, the overall expression of  p53 is down-
regulated by arecoline, which is followed by suppression of  p53 mediated DNA 
repair activities and expression of  its downstream target p21WAF1 (Tsai et al., 2008). 
Arecoline has also been found to induce decreased expression of  p21 and p27 via a 
p53 independent process that includes reactive oxygen species (ROS) and activation 
of  mammalian target of  rapamycin complex-1 (mTORC1) pathway ( Ji et al., 2012). 
According to Ji et al. (2012), down-regulation of  these inhibitors of  cell cycle 
might lead to erroneous DNA replication as the cells escape the G1/S checkpoint. 
Arecoline also disturbs the fluidity of  polymerisation-depolymerisation kinetics of  
α-tubulin by favouring their polymerisation. It leads to a disfigurement of  the mitotic 
spindle and an erroneous arrangement of  chromosomes, thereby inducing the 
pro-metaphase cell cycle arrest (Wang et al., 2010). Apart from these alterations, 
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protein expression of  several other cell cycle regulatory molecules like cdc25c in 
basal carcinoma cells (Huang et al., 2012), cyclin B1 and Wee-1 in KB epithelial cells 
(Lee et al., 2006) and cyclin D1, cyclin A, cyclin E, CDK4, and CDK2 in HaCaT 
keratinocytes (Zhou et al., 2013) have been found to be modulated by arecoline.

Arecoline treatment leads to the down-regulation of  the immune system in 
mice (Dasgupta et al., 2006; Wen et al., 2006). By contrast, Hung et al. (2011) 
reported the production of  ROS in endothelial cells on exposure to arecoline, 
which resulted in an up-regulated expression of  adhesion molecules (intercellular 
adhesion molecule – ICAM, and vascular cell adhesion molecule – VCAM). This 
effect increased adhesion between mononuclear cells and endothelial cells, which 
might play a role in augmenting the inflammation. Additionally, several inflammatory 
cytokines have also been found to be induced by arecoline, such as interleukin-1α, 
prostaglandin E-2, and cycloxygenase-2 in fibroblasts ( Jeng et al., 2003; Tsai et al., 
2003; Thangjam and Kondaiah, 2009).

DNA damage and impaired DNA repair, along with chronic inflammation, can be 
emphasized as the main causes of  arecoline induced oral pathologies. Moreover, 
expression profiles of  several extracellular matrix (ECM) proteins, enzymes, growth 
factors, and transcription factors are altered under the effect of  arecoline (Figure 3). 
All these factors work in an association as indicated by several studies involving 
fibroblasts, epithelial cells and cancer cell lines (Tables 1 and 2).

Oral submucous fibrosis (OSF) is a pre-cancerous condition that develops 
from an abnormal wound healing process under continuous exposure to the 
components of  areca nut (Angadi et al., 2011). Inhibition of  elements involved in 
the degradation of  extracellular matrix (ECM) or enhanced stability and synthesis of  
matrix components disturbs the homeostasis of  ECM, which can give rise to disease 
conditions like fibrosis. Arecoline works positively in both these aspects. It enhances 
the expression of  several inhibitors of  proteinases, including tissue inhibitors of  
metalloproteinases (TIMPs), plasminogen activator inhibitors (PAI-1) and cysteine 
proteinase inhibitor cystatin C in fibroblasts (Chang et al., 2002a; Yang et al., 2003; 
Tsai et al., 2007) along with induction of  factors that enhance the stability of  ECM, 
such as heat shock protein-47 (Hsp-47) and transglutaminase-2 (TGM-2) (Yang et 
al., 2008; Lee et al., 2015). Moreover, arecoline has been found to decrease the 
phagocytosis of  collagen by fibroblasts (Shieh et al., 2004).

An analysis of  the repertoire of  moieties affected by arecoline (data compiled 
in Tables 1 and 2) has bought into light several mediators of  the effects induced 
by arecoline of  which three, ROS, transforming growth factor-β1 (TGF-β1) and 
hypoxia-inducible factor-1α (HIF-1α), might play key roles in the pathogenesis of  
OSF and OSCC.

Of the several isoforms of  TGF-β (TGF-β1/2/3), TGF-β1 is a critical mediator 
of  oral pathologies. Its overexpression has been observed in OSF tissue samples 
(Kamath et al., 2015). Up-regulated expression of  αvβ6 integrin on keratinocytes 
under arecoline’s affect supports the activation of  latent TGF-β1 present in ECM that 
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in turn triggers the myofibroblastic transformation of  fibroblasts (Moutasim et al., 
2011). After being activated via integrin, plasminogen activated receptor-1 (PAR-1) 
or TGM-2, TGF-β1 binds to its receptor and sets on a cascade of  signalling events 
that induce the expression of  growth factors, cytokines and transcription factors 
in resident fibroblasts thereby transforming them into myofibroblasts (Figure 3) 
(Eickelberg et al., 1999; Griffin et al., 2002; Samarakoon et al., 2008; Lin et al., 
2013; Yang et al., 2013, 2016; Chang et al., 2014; Lamouille et al., 2014; Chen et al., 
2016; Hsieh et al., 2017). Myofibroblasts are cells specialized for wound healing with 
capacity for the secretion of  ECM materials and cellular contraction (Micallef  et al., 
2012). TGF-β1 stimulates myofibroblasts to produce modulators of  ECM proteins 
(PAI-1, TIMP-1, CTGF, etc.) and transcription factors involved in epithelial-to-
mesenchymal transition (EMT) (Twist, Zeb, etc.) (Figure 3). Up-regulated expression 
of  TGF-β1 has also been observed in cancer tissue samples (Lu et al., 2004).

Another important mediator of  arecoline induced effects is HIF-1α. Apart from 
being induced by arecoline itself  in fibroblasts and epithelial cells (Lee et al., 2010; 
Tsai et al., 2015), it plays a part in the induction of  several downstream factors that 
overlaps the repertoire induced by TGF-β1 (Figure 3) (Higgins et al., 2004; Tsai and 
Wu, 2012). Hypoxia prevails in fibrotic as well as tumour conditions, which prevents 
degradation of  HIF-1α. Under the hypoxic condition, stabilized HIF-1α dimerizes 
with HIF-1β and, in association with co-activators, it participates in the transcription 
of  genes with hypoxia-responsive element (HRE) (Tsai and Wu, 2012; Eckert et al., 
2016; Rankin and Giaccia, 2016). As reviewed by Tsai and Wu (2012) and Rankin 
and Giaccia (2016), several genes involved in metastasiring are regulated by HIF-1α, 
including transcription factors involved in EMT (Twist, Snail, Aeb1/2, etc.), enzymes 
like matrix metalloproteinases (MMP 1/3), matricellular proteins (cysteine rich 
protein 61 [Cyr61]), and angiogenic factors (vascular endothelial growth factor).

Several of  the pro-fibrotic or carcinogenic factors induced by arecoline are coupled 
with a decrease in intracellular thiol content and show reversible expression after 
treatment with antioxidants (Tables 1 and 2). This emphasizes ROS generation by 
arecoline to be a “cause” of  the various arecoline driven “effects” that trigger OSF or 
OSCC. Interplay can be observed between ROS and TGF-β1 as well as HIF-1α. For 
instance, ROS plays a part in the activation of  latent TGF-β1 complex tethered to the 
ECM ( Jobling et al., 2006). In turn, TGF-β1 acts to increase ROS production via the 
activity of  its downstream target NADPH oxidase-4 (NOX-4) along with suppression 
of  the antioxidant defence system of  exposed cells (Richter and Kietzmann, 2016). 
Apart from sharing a common array of  downstream targets, TGF-β1 and HIF-1α 
augment each other’s expression too. HIF-1α supports transcription of  TGF-β1 under 
hypoxic conditions, whereas, under normoxic conditions, TGF-β1 enhances the 
stability of  HIF-1α by decreasing expression of  HIF-1α inhibitor prolyl hydroxylase 2 
(PHD2) (McMohan et al., 2006; Hung et al., 2013). ROS induces HIF-1α stability and 
thereby its transcriptional activity via an adenosine monophosphate-activated protein 
kinase (AMPK) pathway ( Jung et al., 2008).
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ROS involvement in cancer includes induction of  pathways like mitogen-activated 
protein kinase (MAPK), phosphatidylinositol-3-kinase (PI3K)/Akt and nuclear factor 
kappa-light chain enhancer of  activated B-cells (NF-κB) (Liou and Storz, 2010). 
Analysis of  the data compiled in Tables 1 and 2 also indicates these pathways to be 
involved in the up-regulation of  pro-fibrotic or carcinogenic factors in cell systems 
affected by arecoline. Targeting these pathways might be a promising tool in the 
therapy of  ROS induced OSF and OSCC.

Figure 4 depicts hypothetical mechanistic pathways where ROS induced 
DNA damage along with perturbation of  expression profile of  growth factors, 
transcription factors and ECM proteins drive the development of  areca nut mediated 
oral pathologies.

As mentioned earlier, OSF can develop into a malignant phenotype. Therefore, 
it is important to understand how arecoline triggers the expression of  effectors 
that mediate this transition. Under continuous exposure to hypoxic conditions and 
HIF-1α activity, the transformation from fibrotic to cancer condition might take 
place, thereby highlighting arecoline’s role as a tumour promoter. Arecoline induced 
stabilisation of  HIF-1α and activation of  TGF-β1 play roles in the regulation of  

Arecoline

Arecoline N-oxide

(FMO-1,3)

Spindle assembly
misaligment Impaired DNA repair

DNA damage

Genetic instability

Chromosomal defects

p53

ROS

Growth factors, Transcription 
factors, Cytokines

MAPK, PI3K Akt, NF-κB, PKC pathways

Manifestation of oral pathologies

Generation of
myofibroblast

ECM
Modulatiom

EMT Metastasis Angiogenesis Abnormal cellular
proliferation

Figure 4 – A hypothetical mechanistic pathway of  arecoline mediated oral pathologies. 
Induction indicated by the symbol: 
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several transcription factors, such as ZEB-1, Snail, Twist, that induce both type 1  
and type 2 EMT leading to fibrosis and cancer, respectively (Lee et al., 2013;  
Chang et al., 2014; Ho et al., 2015; Lee et al., 2016).

Another interesting aspect of  arecoline, which was discovered during the study, 
is its differential activity to induce ECM modulators in fibroblasts and cancer cells. 
Exposed fibroblasts up-regulate TIMP-1, whereas MMP-2 is inhibited (Chang et al., 
2002a). In cancer cells, MMP-9 is induced, but TIMP-1 is inhibited (Chang et al., 
2013a). TGF-β1 has been found to regulate the expression of  MMP-9 via Snail 
transcription factor in cancer cells (Sun et al., 2008). After exposure of  cells from 
cancer cell line to arecoline for an extended period of  time, increased expression  
of  metalloproteinases MMP-8 and MMP-1 was observed (Liu et al., 2007; Lee et al., 
2008). This might indicate that under already initiated and promoted tumour 
conditions, arecoline might play a role in the progression of  areca nut induced 
carcinogenesis.

Junctional protein disruption is an essential phenomenon by which cells can acquire 
a metastatic phenotype (Parker et al., 2001). Giri et al. (2010) found arecoline to 
down-regulate tight junctional protein zona occludens-1 (ZO-1) and claudin-1 along 
with delocalisation of  both ZO-1 and E-cadherin. Down-regulation of  E-cadherin 
during junctional protein disruption leads to the dislocation of  β-catenin from the 
plasma membrane. Under the influence of  Wnt signalling in cancer conditions, 
degradation of  cytoplasmic β-catenin is also inhibited. Both junctional and 
cytoplasmic β-catenin then moves to the nucleus and acquires transcriptional control 
over genes, leading to abnormal cell proliferative activity (Kam and Quaranta, 2009; 
Camilli and Weeraratna, 2010; Liu and Millar, 2010). Arecoline exposure induces 
elevated expression of  β-catenin in epithelial cells (Lee et al., 2012b). Signalling 
cascades have been constructed using the accumulated data in Figure 3.

Role of arecoline metabolites in areca nut induced oral pathologies
Formation of  these metabolites in vitro or in in vivo systems indicates the probability 
of  exposure of  humans to these metabolites. An assessment of  the biological effects 
of  these metabolites is, therefore, necessary to understand the areca nut mediated 
pathogenesis of  OSF or OSCC.

The N-nitrosated metabolites, NMPA, NMPN and NGL, induce DNA 
single-stranded breaks in epithelial cells where NMPA was the strongest while 
NMPN and NGL were weak inducers (Sundqvist et al., 1989). Of  the in vivo 
metabolites, genotoxic effects were displayed by arecaidine in mice via induction 
of  sister chromatid exchanges (SCE) in bone marrow cells (Panigrahi and Rao, 
1984). Arecoline N-oxide was also found to be genotoxic in both mice model and 
fibroblasts (Kuo et al., 2015). The genotoxic potential of  the other metabolites of  
arecoline is unknown.

Both MNPA and MNPN were found to be carcinogenic in rats (Wenke et al., 
1984b; Nishikawa et al., 1992). NGL was neither found to be a strong mutagen in 
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the bacterial test system nor a strong carcinogen in the murine test system (Rivenson 
et al., 1988; Miyazaki et al., 2005). Activated N-nitrosamines can cause alkylation 
of  DNA base pairs (Miyazaki et al., 2005). Hence, activated areca nut derived 
nitrosamines can initiate carcinogenicity via alkylation of  DNA, as indicated by the 
study where MNPN was observed to induce methylation and cyanoethylation of  
guanine residues in rats, especially in the genetic material obtained from nasal mucosa, 
esophagus and liver (Prokopczyk et al., 1987, 1988). The role of  arecaidine as a pro-
fibrotic agent remains unclear as indicated by contradictory reports in  
in vitro models (Harvey et al., 1986; Tsai et al., 1999; Chang et al., 2013b).

The most important metabolite of  arecoline might be arecoline N-oxide. It was 
found to be mutagenic in bacteria without any metabolic activation (Lin et al., 2011). 
In mice, the compound induced increased collagen deposition in the tongue along with 
hyperplasia. Several pro-fibrotic genes (TGF-β1, IL-6, S100A4, and fibronectin) were 
induced by the compound in fibroblasts along with suppression of  E-cadherin (Kuo  
et al., 2015). Therefore, fibrosis induced by areca nut chewing can be mediated 
partially by arecoline N-oxide. In another study, N-oxide induced sub-lingual 
hyperplastic lesions in mice along with the up-regulated expression of  caspase-8, 
which, instead of  producing a pro-apoptotic effect, enhanced cell survival and 
proliferation (Ko et al., 2018). 8-hydroxydeoxy guanosine level in fibroblasts cultured 
in the presence of  arecoline N-oxide indicates oxidative stress induced DNA damage 
(Kuo et al., 2015). Similarly to arecoline, supplementation of  thiol-containing agents 
can reverse the mutagenic property of  the compound (Lin et al., 2011). These facts 
indicate oxidative stress to be an important factor for both arecoline and arecoline 
N-oxide induced pathologies. Hence, the consumption of  antioxidants can be a 
preventive factor against the development of  fibrosis and areca nut driven oral cancer.

Table 3 summarizes the various effects of  arecoline metabolites. It also provides an 
assessment of  the potential harmfulness of  the metabolites based on the possibility 
of  involvement in areca nut induced pathologies. Although arecoline N-oxide has 
been discovered as a possible candidate mediating areca nut effects, in the in vivo 
studies mentioned above, arecoline N-oxide was administered via oral brushing. On 
the other hand, Lin et al. (2011) observed that the compound lost its mutagenicity 
after metabolic activation by S9 fraction of  rat liver. Hence, the specific role of  the 
compound in vivo remains uncertain because the knowledge about direct exposure 
through areca nut is still unknown.

Involvement of enzymes in the metabolism of arecoline and arecoline 
N-oxide
A study of  arecoline metabolism along with metabolism of  its metabolites arecaidine 
and arecoline N-oxide has revealed basic routes that these compounds undergo. It 
involves de-esterification, N-oxidation and reduction of  the double bond leading to 
the formation of  metabolites, including mercapturic acids, mercapturic acid derivatives 
and nipecotic acid derivatives (Nery, 1971; Giri et al., 2006, 2007).
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According to Patterson and Kosh (1993), cytochrome P450 (CYP450) family 
of  enzymes do not play a significant role in arecoline metabolism because most 
of  arecoline was metabolized by mice liver homogenate even in the presence of  
nonspecific CYP450 inhibitor. However, these enzymes might be involved in the 
metabolic activation of  N-nitrosamine compounds formed from arecoline. This 
is supported by a study conducted in a bacterial test system where metabolic 
activation of  MNPN, MNPA and NGL was observed to be carried out by human 
CYP450 enzymes, especially by members of  family CYP2A and CYP1A1 (Miyazaki 
et al., 2005). CYP enzymes activate N-nitrosamines and the products formed, 
thereby lead to alkylation of  nucleic acid base pairs (Miyazaki et al., 2005). Genetic 
polymorphisms of  CYP enzyme encoding genes (CYP2A6 and CYP1A1) have been 
found to be associated with oral cancer (Kao et al., 2002; Topcu et al., 2002).

In contrast to CYP450, flavin-containing monooxygenases participate in the 
metabolism of  arecoline to its N-oxide (Giri et al., 2007). No association study has 
been found so far between the FMO polymorphism and oral cancer. As arecoline 
N-oxide is biologically active and might have a prominent role in areca nut mediated 
fibrotic disorders, the existence of  polymorphic variants of  the gene encoding 
this enzyme in the general population might develop predisposition towards 
development of  areca nut mediated fibrosis. FMO-1 carries out the process most 
efficiently of  all the other isozymes (Giri et al., 2007). It is abundantly expressed in 
the kidney (Zhang and Cashman, 2006). An association has been found between 
betel quid chewing and chronic kidney disorder in a population-based study. 
However, the association was influenced by several other factors (Hsu et al., 2011). 
In addition, a portion of  the formed N-oxide undergoes reduction and forms the 
parent compound arecoline. CYP450 family of  enzymes plays a role in this type of  
deoxygenation (Krueger and Williams, 2005; Montellano, 2013).

Carboxylesterases are involved in the metabolism of  arecoline to arecaidine 
(Patterson and Kosh, 1993). In vitro, mercapturic acid formation from arecoline 
does not require any enzymatic assistance (Boyland and Nery, 1969). Therefore, 
under in vivo condition, mercapturic acid formation from the parent compound and 
metabolites might involve reaction with glutathione without the involvement of  any 
enzymes. Although glutathione S-transferases (GSTs) participate in the phase 2 
metabolism of  xenobiotics, producing mercapturic acids (Hayakawa, 1977), the 
involvement of  GSTs in arecoline metabolism is not known.

Apart from the study conducted by Patterson and Kosh (1993) and Giri et 
al. (2007), direct involvement of  enzymes in the metabolism of  arecoline in 
mammals has not been studied. In a study carried out by Chiang et al. (2007), 
arecoline has been found to suppress the expression of  several phase I and phase 
II xenobiotic-metabolizing enzymes, which might indirectly affect the metabolism 
of  arecoline itself. Moreover, mechanism of  formation of  other metabolites like 
nipecotic acid derivatives and the aldehyde derivative of  arecoline (1-methyl- 
3,4-dehydropiperidine-3-carboxaldehyde) has not been studied yet.
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Table 3 – Summarizes the biological effects of the metabolites  
of arecoline

Serial 
no. Metabolites Biological activity Risk 

assessment

1. Arecaidine

Mutagenic in bacterial tester strains 
(TA100, TA 1535, TA 98, TA 1538) 
(Shirname et al., 1983).
Induced sister chromatid exchange in  
mice bone marrow cells (Panigrahi and 
Rao, 1984). 
Weakly induced DNA single strand 
break in cultured human epithelial cells 
(Sundqvist et al., 1989). 
Induced both collagen formation by 
fibroblasts and collagen phagocytic ability 
reduction of  fibroblasts (Harvey et al., 
1986; Tsai et al., 1999). 
Had no effect on the myofibroblastic 
transdifferentiation of  fibroblasts  
(Chang et al., 2013b). 
Induced senescence, DNA double 
stranded breaks along with  
transforming growth factor-β and  
matrix metalloproteinase-2 expressions  
in fibroblasts (Rehman et al., 2016).

Possibly 
harmful

2. Arecoline N-oxide

Mutagenic in bacterial tester strains 
(TA100, TA 98) (Lin et al., 2011). 
Induced DNA damage in both mammalian 
test system and cultured fibroblasts  
(Kuo et al., 2015). 
Induced pro-fibrotic genes in cultured 
fibroblasts (Kuo et al., 2015). 
Induced caspase-8 activation which rather 
had a cell proliferative effect (Ko et al., 
2018).

Possibly 
harmful

3.
3-methylnitrosamino- 
propionitrile

Induced tumour in several organ of  
exposed rats (Wenke et al., 1984b). 
Induced modification of  DNA base pair  
in exposed rats (Prokopczyk et al.,  
1988; Rivenson et al., 1988). 
Weak inducer of  DNA single strand 
breaks in cultured human epithelial cells 
(Sundqvist et al., 1989).

Possibly 
harmful

4.
3-methylnitrosamino- 
propionaldehyde

Induced DNA single strand break  
in cultured human epithelial cells 
(Sundqvist et al., 1989). 
Induced tumour in several organ of  
exposed rats (Nishikawa et al., 1992).

Possibly 
harmful
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Serial 
no. Metabolites Biological activity Risk 

assessment

5. N-nitrosoguvacoline

Weakly carcinogenic in rats (Rivenson  
et al., 1988). 
Weak inducer of  DNA single strand 
breaks in cultured human epithelial cells 
(Sundqvist et al., 1989). 
Weakly mutagenic in bacterial tester 
strains (TA100, TA 98) (Wang and Peng, 
1996).

Possibly 
harmless

6. Arecaidine N-oxide Unknown –

7. N-methylnipecotic acid Unknown –

8.
1-methylnipecotic acid 1-oxide  
methylester

Unknown –

9.
1-methyl-3,4-dehydropiperidine- 
3-carboxaldehyde

Unknown –

10. Arecaidinylglycerol Unknown –

11. Arecaidinylglycine Unknown –

12. N-methylnipecotylglycine Unknown –

13. Mercapturic acid of  arecoline Unknown –

14. Mercapturic acid of  arecaidine Unknown –

15.
Mercapturic acid of  arecoline 
N-oxide

Unknown –

16.
4-mercapto-1-methylnipecotic  
acid methylester

Unknown –

17.
4-methylmercapto-1-
methylnipecotic  
acid 1-oxide methylester

Unknown –

18. N-nitrosonipecotic acid Unknown –

CYP450 and FMO mediated metabolism of  arecoline N-oxide has been found 
to take place in the mitochondria of  liver cells in a study conducted by Wang et al. 
(2018). Mitochondrial metabolism of  arecoline N-oxide by the above-mentioned 
enzymes might be responsible for the generation of  ROS, which mediates the toxic 
effects of  the compound.

Conclusion
Apart from arecaidine and arecoline N-oxide, the biological effects of  other 
metabolites also need to be elucidated. Some of  them might be promptly modified 
by enzymes in a manner similar to mercapturic acids so that their excretion is 
facilitated, and subsequently, they pose a lesser threat for carcinogenic activity. 
Other compounds as well as metabolites that possess a high toxic potential might 
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also be present in areca nut and oral cells might be directly exposed to them on 
the consumption of  the nut. For example, both arecaidine and N-methylnipecotic 
acid are also present in areca nut (IARC Working Group on the Evaluation of  
Carcinogenic Risks to Humans, 2004; Hu et al., 2010). But as the toxicity of  
N-methylnipecotic acid is not known, its effect on the site of  exposure cannot be 
determined.

Knowledge about the enzymes and genes that encodes them can provide an 
important insight into the metabolism of  these xenobiotics. This will open another 
field of  research correlating the differential expression and polymorphisms of  these 
genes to an individual predisposition to oral cancer in betel nut consumers. Even 
the metabolites might be more potent in causing hazardous effects than the parent 
compound, as seen in the case of  arecoline N-oxide.
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Abstract: Mannose-binding lectin (MBL) is an acute phase protein which recognizes 
the pathogens through its carbohydrate recognition domain. It is an important part 
of  human innate immunity. The aim of  the current study was to evaluate the impact 
of  MBL2 polymorphism on pulmonary tuberculosis in a number of  patients from the 
southeast of  Iran. In this case-control study, 2 MBL gene polymorphisms (rs1800450, 
rs7095891) were genotyped using PCR-RFLP method and polymerase chain 
reaction for detection of  34bp ins/del of  MBL2 gene (rs777980157) polymorphism. 
The study included 170 patients with PTB (pulmonary tuberculosis) and 175 
control subjects. The findings indicated that the GA (GA vs. GG: OR=0.172, 95% 
CI=0.107–0.275, P<0.001) (OR – odds ratio; CI – confidence interval) genotype 
as well as GA+AA (GA+AA vs. GG: OR=0.191, 95% CI=0.120–0.302, P<0.001) 
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genotype of  rs1800450 reduced the risk of  PTB compared to GG genotype. The 
rs7095891 variant significantly decreased the risk of  PTB in codominant (GA vs. 
GG: OR=0.118, 95% CI=0.054–0.258, P<0.001; and AA vs. GG: OR=0.029, 
95% CI=0.01–0.082, P<0.001), dominant (GA+AA vs. GG: OR=0.095, 
95% CI=0.044–0.207, P<0.001) and recessive (AA vs. GA+GG: OR=0.172, 
CI=0.081–0.365, P<0.001) inheritance models. No significant relationship was 
identified between the rs777980157 variant and PTB risk/protection. In conclusion, 
we found that the MBL2 rs1800450 and rs7095891 polymorphisms provide relative 
protection against PTB. Additional studies on larger populations with different 
ethnicities are required to verify our findings.

Introduction
Tuberculosis (TB) is an infectious disease caused by Mycobacterium tuberculosis 
(Mtb) infection, which is a major public health trouble in many countries. Base 
on World Health Organization (WHO) Global Tuberculosis Report, tuberculosis 
with 7 million new cases and 1.2 million deaths annually is the second-leading 
cause of  death around the world (Huang et al., 2016; World Health Organization, 
2019). However, one third of  the world’s population is infected with Mtb, where 
most of  them do not develop active tuberculosis and while 5–15% of  infected 
individuals develop the clinical disease (Zhou et al., 2018). In Zahedan (the capital 
of  Sistan and Baluchistan province), the incidence rate of  TB is higher than in other 
regions of  Iran and tuberculosis infection is one of  the major public problems. 
Environment and host genetics factors may contribute to the high prevalence of  
Mycobacterium tuberculosis in this region (Metanat et al., 2012; Hashemi et al., 
2015; Kouhpayeh et al., 2016). Innate immunity is the first line of  defense against 
infection with Mtb. Mannose-binding lectin 2 (MBL2) belongs to a family of  
proteins termed collectins in the C-type lectin superfamily and produced in the 
liver (Liu et al., 2016). MBL2 is an acute-phase protein, an important part of  the 
innate immunity and has a key role in host defense against pathogens (Zheng et al., 
2018). After entrance of  microorganism to body, MBL2 recognizes the bacterial 
mannose residues by its carbohydrate recognition domain (Guo et al., 2017) and 
activate the complement cascade through the lectin pathway while also promoting 
opsonization and phagocytosis of  pathogens (Li et al., 2018). The MBL2 gene is 
located on chromosome 10 (10q11.2-q21) and contains many polymorphisms in 
the promoter or structural region of  the gene affecting the expression level of  
MBL2 at transcription level. Low serum level of  MBL2 is associated with increased 
susceptibility to infectious disease such as Mtb (Amiri et al., 2017). Several studies 
have shown that MBL2 polymorphisms are related to tuberculosis susceptibility 
though the results were inconsistent (Cao et al., 2018; Mandal et al., 2019; Tong 
et al., 2019). Thus, we conducted the present study to investigate the possible 
association between MBL2 gene polymorphisms and pulmonary tuberculosis in a 
sample of  Iranian population.
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Material and Methods
A total of  170 patients diagnosed with PTB (pulmonary tuberculosis) were enrolled 
in the present study from May 2017 to December 2018 who referred to university-
affiliated hospital center for TB (Bou-Ali Hospital, Zahedan, Iran). Additionally, 
during the same time period as the TB patients were collected, 175 healthy subjects 
with no history of  TB or pulmonary disease were recruited as control subjects. 
Controls were selected from the equal region as the patients with PTB (Southeast 
Iran); they were not related to each other (family members) and they had the same 
conditions including socioeconomic status and availability of  health accommodations. 
All participants received BCG vaccination.

Pulmonary tuberculosis was confirmed by clinical appearances, chest X-ray sign, 
and positive sputum smear for acid-fast bacilli as described in our previous study 
(Kouhpayeh et al., 2012). Informed consent was taken from all subjects and the 
project was approved by the local Ethics Committee of  Zahedan University of  
Medical Sciences (IR.ZAUMS.REC.1396.216). About 2 ml peripheral blood was 
taken from each patient and control, DNA extracted using salting out methods. 
In this study, we used polymerase chain reaction for detection of  34bp ins/del of  
MBL2 gene (rs777980157) polymorphism. Genotyping of  rs1800450 A/G and 
rs7095891 A/G MBL2 gene polymorphisms was done by PCR-RFLP method. Primer 
sequences, restriction enzymes, and length of  the fragments are summarized in 
Table 1. In each 0.20-ml PCR reaction tube, 1 μl of  genomic DNA (∼100 ng/ml), 
1 μl of  each primer (10 μM), and 10 μl of  2X Prime Taq Premix (Genet Bio, Korea), 
and 7 μl ddH2O were added. The thermal cycling parameters consisted of  an initial 
denaturation at 95 °C for 5 min, 30 cycles of  95 °C for 30 s, 56 °C for rs777980157, 
64 °C for rs1800450 and 61 °C for rs7095891 and 72 °C for 30 s and a final 

Table 1 – Primer sequences of PCR-RFLP for detection of MBL2 
polymorphisms

Primer sequence (5’→3’)
Restriction 
enzyme

Fragment 
(bp)

rs1800450  
A>G

F: ATGGTGGCAGCGTCTTACTC
R: TGGGCTGGCAAGACAACTAT

BanI
A allele: 346
G allele:  
222+124

rs7095891
F: GTTAATCTCAGTTAATGAACACATATTTATC
R: CCGAAAGCATGTTTATAGTCTTCCA

TaqI
A allele: 257
G allele:  
226+31

rs777980157 
(34bp  
ins/del)

F: CCTCCACGTGGCAACTTTATT
R: TACCCGGACTTTTTCCAGGG

ins 313bp
del 279bp

MBL2 – mannose-binding lectin 2
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extension step of  72 °C for 5 min. Then, 10 μl of  PCR product was digested with an 
appropriate restriction enzyme (Table 1). The PCR products were resolved on 2.5% 
agarose gel electrophoresis.

Statistical analysis
Data were analysed by the statistical package SPSS 20 software (SPSS for Windows, 
SPSS Inc., Illinois, USA) and the level of  significance was set to a P-value of  < 0.05. 
The differences between the variables were evaluated by chi-square test or 
independent sample t-test according to the data. The association between genotypes 
and PTB was assessed by computing the odds ratio (OR) and 95% confidence 
intervals (95% CI) from logistic regression analyses.

Results
The study participants included 170 PTB patients (84 males and 86 females, mean 
age 51.31 ± 19.58) and 175 healthy controls (81 males and 94 females, mean age 
49.86 ± 14.08). There was no difference in age and sex between the patient and 
healthy control groups (P=0.428 and 0.591, respectively). Table 2 reports the 
genotype and allele distribution of  MBL2 rs1800450 and rs7095891 polymorphisms 
in cases and controls. Our data showed that GA genotype as well as GA+AA 
genotype of  rs1800450 reduced the risk of  PTB in comparison with GG genotype 
(OR=0.17, 95% CI=0.11–0.27, P<0.001; and OR=0.19, 95% CI=0.12–0.30, 
P<0.001, respectively). Further, A allele significantly decreased the risk of  PTB 
(OR=0.36, 95% CI 0.25–0.52, P<0.001) in comparison with G allele. As listed in 
Table 2, the findings suggested that rs7095891 was associated with decreased risk 
of  PTB in codominant (GA vs. GG: OR=0.118, 95% CI=0.054–0.258, P<0.001; 
and AA vs. GG: OR=0.029, 95% CI=0.01–0.082, P<0.001), dominant (GA+AA vs. 
GG: OR=0.095, 95% CI=0.044–0.207, P<0.001), and recessive (AA vs. GA+GG: 
OR=0.172, CI=0.081–0.365, P<0.001) inheritance models. The A allele can be 
considered as protective against PTB (OR=0.373, 95% CI=0.274–0.507, P<0.001) 
in comparison to G allele. The genotype frequency of  rs777980157 polymorphism 
showed that all PTB patients and healthy controls had Ins/Ins genotype 
demonstrating that this variant is not polymorphic in our population.

Discussion
Tuberculosis is the second-leading cause of  infectious diseases after HIV. Both 
genetic and environmental factors play an important role in influencing TB 
susceptibility. Innate immunity is the first line of  defense against infection with 
Mtb. MBL2, is a calcium dependent plasma Collectin which binds to different 
microorganisms. It profoundly contributes to natural immune protection against 
infectious agents by activating the lactin complement pathway. It also regulates the 
inflammatory reactions. Many studies have demonstrated that MBL is involved in 
control of  various microorganisms such as bacteria, fungi, parasites, and viruses 
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(Eisen, 2010; Jha et al., 2014). In the current study, we aimed to find out the impact 
of  MBL2 variants and risk of  PTB in a sample of  a southeast Iranian population. 
The results showed that GA as well as GA+AA genotype of  rs1800450 reduced 
the risk of  PTB. It was also found that rs7095891 variant significantly decreased 
the risk of  PTB. Accordance to our results, Singla et al. (2012) found that mutant 
allele of  rs1800450 has a protective role against TB, but they did not observe this 
result in extrapulmonary TB. Capparelli et al. (2009) in a study on Italian population 
illustrated that this polymorphism was protective against PTB in the heterozygote 
form and was more significantly protective in the homozygote form. When they did 
haplotype analysis, they found LYB/LYD haplotype increased the risk of  tuberculosis 

Table 2 – The genotypes and allele distribution of MBL2 polymorphisms 
in pulmonary tuberculosis (PTB) patients and control groups

Patients
n (%)

Normal
n (%)

OR (95% CI) P

rs1800450
Codominant
GG
GA
AA

121 (71)
43 (25)

6 (4)

56 (32)
116 (66)

3 (2)

1.00
0.172 (0.107–0.275)
2.2 (0.90–5.37)

<0.001
0.080

Dominant
GG
GA+AA

121 (71)
49 (29)

56 (32)
119 (68)

1.00
0.191 (0.120–0.302) <0.001

Recessive
GG+GA
AA

164 (96)
6 (4)

172 (98)
3 (2)

1.00
2.098 (0.516–8.526) 0.301

Alleles
G
A

285 (84)
55 (16)

228 (65)
122 (35)

1.00
0.360 (0.250–0.518) <0.001

rs7095891
Codominant
GG
GA
AA

57 (34)
104 (61)

9 (5)

8 (4)
124 (71)

43 (25)

1.00
0.118 (0.054–0.258)
0.029 (0.01–0.082)

<0.001
<0.001

Dominant
GG
GA+AA

57 (34)
113 (66)

8 (4)
167 (96)

1.00
0.095 (0.044–0.207) <0.001

Recessive
GG+GA
AA

161 (95)
9 (5)

132 (75)
43 (25)

1.00
0.172 (0.081–0.365) <0.001

Alleles
G
A

218 (64)
122 (36)

140 (40)
210 (60)

1.00
0.373 (0.274–0.507) <0.001

MBL2 – mannose-binding lectin 2; OR – odds ratio; CI – confidence interval
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and concluded that MBL may be protective or risk factor of  tuberculosis depending 
on host’s haplotype pair (Capparelli et al., 2009). Cosar et al. (2008) discovered 
that mutant allele frequency of  rs1800450 is significantly lower in the patient group. 
In contrast to this finding, Liu et al. (2016) revealed that subjects with variant allele 
of  rs1800450 (homozygote and heterozygote) had an increased susceptibility to 
TB in comparison to wild type allele. Li et al. (2018) in a study on Chinese Uygur 
population found that MBL2 rs7095891 polymorphism was associated with an 
increased risk of  TB; however, they did not find any association between rs1800450 
as well as rs7096206 polymorphism and tuberculosis. Meanwhile, many studies 
have not found any association between MBL2 rs1800450 polymorphism and 
susceptibility or protection to tuberculosis (Soborg et al., 2007; Araújo et al., 2013; 
da Cruz et al., 2013; Wu et al., 2015; Amiri et al., 2017). The effect of  MBL level 
on TB susceptibility has been controversial. Cosar et al. (2008) showed MBL plasma 
level was significantly lower in control groups in comparison with patients, while 
Capparelli et al. (2009) found that protection against TB was correlated with a high 
concentration of  MBL in plasma. It has been shown that individuals with mutant 
genotype (0/0) have very low or undetectable levels of  MBL (Frederiksen et al., 
2006). Tong et al. (2019) in a meta-analysis found that MBL level in PTB patients 
was significantly lower than in the control group, implying that low expression of  
MBL2 is associated with an increased risk of  PTB. These polymorphisms changed the 
structure of  MBL proteins causing a functional deficiency and reduction of  stability; 
as such they were more rapidly degraded and thus reduced the serum level of  
MBL (Heitzeneder et al., 2012; Mandal et al., 2019). Also, it seems that these MBL 
proteins have less binding capacity to mannose and cannot activate complement 
via the lectin pathway (Amiri et al., 2017). However, Thye et al. (2011) showed 
higher levels of  MBL can promote infection by increasing the uptake of  intracellular 
pathogens by phagocytes.

In conclusion, the present study revealed that rs1800450 and rs7095891 
MBL2 polymorphisms reduced the risk of  PTB in a sample of  Iranian population. 
Replication in different ethnicities with more samples is required for better 
understanding of  the association between these polymorphisms and risk of  
tuberculosis.
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Abstract: The post-mortem toxicological findings may be misinterpreted, if  the 
drug undergoes substantial post-mortem redistribution. As alprazolam is one 
of  the most frequently evaluated drug for legal/forensic reasons in drug-related 
fatalities, we studied possible changes in alprazolam distribution after death in a 
rat model. Rats were sacrificed 30 minutes after alprazolam administration. Blood 
and tissue samples from 8 animals per sampling time were collected at 0, 2, 6, and 
24 h after death. The experimental samples were assayed for alprazolam using 
validated UHPLC-PDA method. Median blood alprazolam concentrations increased 
approximately 2 times compared with ante-mortem levels due to the redistribution 
during early post-mortem phase and then slowly decreased with a half-life of  60.7 h. 
The highest alprazolam tissue concentrations were found in fat and liver and the 
lowest levels were observed in lungs and brain. The median amount of  alprazolam 
deposited in the lungs was relatively stable over the 24-h post-mortem period, 
while in heart, liver and kidney the deposited proportion of  administered dose 
increased by 43–48% in comparison with ante-mortem values indicating continuous 
accumulation of  alprazolam into these tissues. These results provide evidence 
needed for the interpretation of  toxicological results in alprazolam-related fatalities 
and demonstrate modest alprazolam post-mortem redistribution.
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Introduction
Drug overdose belongs among common causes of  death worldwide with mortality 
rate of  approximately 22.6 and 217 cases per million inhabitants in the EU and USA, 
respectively (European Monitoring Centre for Drugs and Drug Addiction, 2019). 
Although the majority of  drug-related deaths in Europe occur in men, suicidal drug 
overdoses are more frequent in women. Most fatal drug overdoses are linked to 
the use of  opioids, central nervous system depressants including benzodiazepines 
or polydrug use. Alprazolam itself  was the fifth most common drug detected in 
6,209 drug-related deaths in the USA in 2016 (Hilberg et al., 1999). Alprazolam is 
therefore frequently evaluated for legal/forensic reasons in drug-related fatalities.

The post-mortem toxicological findings may be misinterpreted if  the drug 
undergoes substantial post-mortem redistribution, which is mainly expected for 
basic, lipophilic compounds widely distributed into peripheral compartments 
(Kugelberg et al., 2004; Castaing et al., 2006). The mechanisms of  post-mortem 
redistribution have not been fully characterized, but leakage of  intracellular content 
after cellular death (Musther et al., 2014), disruption of  physiological barriers (Banks 
et al., 1992), degradation of  the compounds by gut microorganisms and their 
diffusion from gastrointestinal content into the body tissues belong among known 
causes contributing to this phenomenon (European Monitoring Centre for Drugs and 
Drug Addiction, 2019). Moreover, metabolism may also continue during the first few 
hours after death ( Jonsson et al., 2004).

Post-mortem redistribution has been described for number of  drugs involved in 
fatal drug-related overdoses including haloperidol, morphine, citalopram, triazolam 
or diazepam (Koren and MacLeod, 1985; Shiota et al., 2004; Kposowa and McElvain, 
2006).

Alprazolam with log P of  2.12 belongs among lipophilic compounds; it has 
apparent volume of  distribution of  approximately 1 l/kg in man (Greenblatt 
and Wright, 1993). These characteristics suggest possible role of  post-mortem 
redistribution for this drug. Reports that evaluated central to peripheral blood 
concentrations ratios in human have suggested that alprazolam may exhibit a 
modest post-mortem redistribution (Hargrove and McCutcheon, 2008; Han et 
al., 2012). However, there are no data on post-mortem redistribution from direct 
measurement of  alprazolam concentrations in particular tissues available. Therefore, 
the aim of  our study was to describe possible changes in alprazolam distribution 
after death in rats.

Methods
Chemicals
Alprazolam was purchased from Sigma-Aldrich (Saint Louis, USA). The drug was 
then dissolved in a mixture of  70% ethanol and saline (1:1; v/v) for the purpose of  
intraperitoneal application. Isoflurane was used as IsoFlo 250 ml (Zoetis, Parsippany, 
USA).
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Animals
Female Wistar rats (Velaz, Prague, Czech Republic) were used throughout the study. 
They were maintained under standard conditions (12-h light-dark cycle, 22 ± 2 °C 
temperature and 50 ± 10% relative humidity) and fed on water and standard 
granulated diet ad libitum. All experiments were performed in accordance with 
the Guiding Principles in the Use of  Animals in Charles University, First Faculty of  
Medicine, and every effort was made to minimize animal suffering. The experimental 
animal project was approved by the Ministry of  Education, Youth and Sports of  the 
Czech Republic under the number MSMT-9445/2018-8.

Experimental procedure
Rats were randomly divided into four groups: (1) immediate autopsy, (2) autopsy 
2 hours after death, (3) autopsy 6 hours after death, and (4) autopsy 24 hours 
after death. All animals were anesthetized by inhalation of  2–5% isoflurane and 
anaesthesia was maintained throughout the procedure. Following anesthetization, 
rats were injected alprazolam intraperitoneally at a dose of  4 mg or 6 mg for 
animals weighting ≤ 250 g or more, respectively. Thirty minutes after alprazolam 
administration, an ante-mortem blood sample was taken via cardiac puncture 
from each rat. Immediately following the sampling, rats were sacrificed by cervical 
dislocation and death was confirmed by the lack of  a heartbeat. Following death, 
rats in groups 2–4 were left lying on their backs at room temperature (22 ± 2 °C) 
for the defined time to autopsy. Post-mortem aortic blood samples were drawn 
and the following tissue samples were also collected at the time of  autopsy: liver 
(left lateral lobe), left kidney, heart, left lung, brain and abdominal fat. The tissue 
samples were cleaned with tissue paper, weighted and immediately homogenized 
with Tissue-Tearor homogenizer model 985-370 (BioSpec Products, Inc., Bartlesville, 
USA) in two volumes of  80% acetonitrile and then vortexed for 30 s. Both blood 
samples and tissue homogenates were centrifuged for 10 minutes at 2,500× g 
(4 °C). Blood samples and tissue supernatants were then stored at –80 °C before 
further processing. Before the chromatography analysis, the blood samples and 
tissue supernatants were deproteinized by acetonitrile, adding 60 µl of  100% 
acetonitrile to 20 µl of  sample and performing deproteinization in an Eppendorf  
tube by vortexing for 15 s. Then, both blood and tissue samples were centrifuged at 
16,500× g for 6 min, and 50 μl of  supernatant was transferred into LC vials.

Analysis of  alprazolam
Determination of  alprazolam in different tissues and blood samples was carried 
out using Acquity UPLC H-class equipment (Waters Corporation, Milford, MA). 
LC column Poroshell HPH C18 (3.00 mm i.d. × 100 mm, 2.7 µm) from Agilent 
Technologies (Waldbronn, Germany), thermostatted at 30 °C, was used for  
the analysis. The mobile phase consisted of  10 mM ammonium phosphate,  
pH 2.80 (Solvent A) and acetonitrile (Solvent B). The flow rate of  the mobile phase 
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was maintained at 0.5 ml/min. The optimized gradient program (min/% B) was 
0/30, 1/30, 3.5/60, 4/80, 7/80, 7.5/30, and 10/30. The injection volume was 1 µl, 
and samples were kept at 10 °C. Detection was performed by diode array detector, 
and the wavelength was set to 245 nm.

The method was validated according to the FDA guidance on analytical procedures 
and method validation to demonstrate that it is suitable for its intended purpose 
(U. S. Food and Drug Administration, 2015). The selectivity of  the method was 
verified by mass spectrometry operated in the scan mode (Triple Quad 6460 mass 
spectrometer; Agilent Technologies, Waldbronn, Germany).

Selectivity was monitored by injecting all studied tissue extracts. These 
chromatograms showed no interfering compound (no m/z was observed except 
m/z corresponding to alprazolam) within the retention time window of  alprazolam. 
Moreover, the DAD peak purity test of  all analysed samples was successfully 
met for the alprazolam peak, which ensures high selectivity. Selectivity was thus 
confirmed independently by DAD and mass spectrometry. The calibration curve 
was constructed in the 80% acetonitrile with nine concentration levels (0.1; 0.2; 
0.5; 1; 2; 5; 10; 50; 100 µg/ml) by plotting the peak area of  alprazolam against its 
concentration. Calibration was performed before each batch of  samples. Standard 
plots were constructed and linearity was evaluated statistically by linear regression 
analysis using the least-squares regression method. To confirm the reliability of  
our results derived from the calibration curve, we performed determination using 
the standard addition method with selected samples of  different tissue extracts 
and blood. The standard was added into blood and tissue extract samples before 
deproteinization to include the potential effect of  deproteinization. No significant 
difference in concentration means was observed between results obtained using 
both methods. This result proved that tissue and blood matrices have no effect on 
the reliable quantification of  alprazolam. The linearity was evaluated through the 
calibrations providing coefficients of  determination (R2) higher than 0.9997 which 
indicate excellent linearity. Limit of  detection value was 0.02 µg/ml, determined as 
3.3×σ/S ratio, where σ is the highest baseline noise obtained from the blank blood/
tissue extracts, and S is the slope of  the regression line (based on peak heights). 
Limit of  quantification was the lowest point of  the calibration (0.1 µg/ml).

Method accuracy and precision were evaluated by measuring 5 replicates at four 
different concentrations (0.1; 1; 5, and 50 μg/ml) prepared by spiking alprazolam 
into blank tissue extracts and blood. The accuracy (relative error, %) was within 
± 3.0%, and the inter- and intra-day precisions (RSD, %) were within ± 2.5%. These 
samples were also used as quality control (QC) samples. QC samples were injected 
after each 7th sample to assess the validity of  the analytical method. Recovery was 
evaluated by comparing the area of  the alprazolam standard peak of  the pre-protein-
precipitation spiked blood sample with that of  the corresponding post-protein-
precipitation spiked sample at three concentrations (0.1; 10, and 50 μg/ml). Since 
there is no reference material of  different tissues containing alprazolam, the recovery 
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was simulated by fortifying of  different tissue homogenates with the standard of  
alprazolam at three concentrations (0.1; 10, and 50 μg/ml). Extraction and protein 
precipitation was performed with 80% acetonitrile and vortexed for 30 s. The 
recovery ranged from 96.8 to 100.9%.

Data analysis and statistics
Tissue concentrations (µg/g) were calculated from measured supernatant 
concentrations (µg/ml), used amounts of  solvent (ml) and weights of  homogenized 
tissues (g). Subsequently, both tissue and blood concentrations were normalized per 
dose of  20 mg/kg.

Distribution half-life was calculated as (t×ln2)/ln(C2/C24), where C2 and C24 are 
median alprazolam blood concentration 2 and 24 h after death, respectively, and t is 
22 h as the time between C2 and C24.

Median and interquartile range (IQR) values were calculated using MS Excel 
2010 (Microsoft Corporation, Redmond, USA). Significance of  differences in 
alprazolam concentrations/tissue distribution between group 1 and the other 
groups was determined by the Mann-Whitney test, while potential differences in 
weights and weight-normalized doses between study groups were examined by the 
Kruscal-Wallis test using GraphPad Prism 8.2.1 (GraphPad Software, Inc., La Jolla, 
USA). Statistical significance was considered at p≤0.05.

Results
Thirty-two female rats weighing 162–365 g were enrolled in this study; eight rats per 
group. Administered alprazolam doses ranged from 16.4 to 24.7 mg/kg. There were 
no significant differences in animal weight (p=0.97) or administered alprazolam doses 
(p=0.96) between study groups.

Post-mortem changes in dose-normalized blood and tissue concentrations of  
alprazolam are presented in Figure 1. All post-mortem groups showed significantly 
increased blood drug concentrations compared with ante-mortem alprazolam 
blood levels. The ratio between median post-mortem and ante-mortem alprazolam 
blood concentrations were 1.78, 1.54 and 1.39 at 2, 6 and 24 hours after death, 
respectively. Thus, steep rise in alprazolam blood levels during early post-mortem 
phase was followed by slow decrease with a half-life of  60.7 h.

Distribution of  alprazolam into the tissues expressed as percentages of  the total 
administered alprazolam dose are showed in Table 1.

Discussion
This study was designed to describe possible post-mortem alprazolam redistribution 
in rat in order to improve our understanding and interpretation of  the toxicological 
findings in alprazolam related fatalities that belong among frequent intentional drug 
overdoses world-wide. We conducted the study in female rats, since women are 
4 times more likely to die from drug poisoning than men (Kposowa and McElvain, 
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Figure 1 – Post-mortem changes of  alprazolam concentrations normalized per dose of  20 mg/kg in the rat blood 
and tissues. Values are represented as median (interquartile range); n=8; *p<0.05; **p<0.005 vs. 0 h after 
death.
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2006). A fix dose of  4 or 6 mg was administered to each animal with respect to 
its actual body weight in order to reach approximate dose of  20 mg/kg for each 
animal, which corresponds to human equivalent dose of  3.3 mg/kg (rat/human 
dose conversion factor of  6 has been reported) (Nair and Jacob, 2016). The actual 
doses ingested are usually unknown in human alprazolam-related fatalities, however, 
the drug has been reported among compounds with the most frequent toxic levels 
detected in forensic analyses in drug related fatalities ( Jonsson et al., 2004). A study 
in 131 deliberate alprazolam self-poisoning cases reported that the median (IQR) 
alprazolam dose was 23 defined daily doses (10–40) (Isbister et al., 2004), which is 
less in comparison with the dose we used. However, other individual case reports 
have shown high plasma and tissue levels indicating that the dose ingested must 
have been considerably higher ( Jenkins et al., 1997). Since the doses ingested in 
an intentional overdose are in reality highly uncertain, we have chosen the human 
equivalent dose for our study corresponding to the possible worst case scenario 
for acute intoxication after ingestion of  whole alprazolam high strength package 
(100 tablets, 2 mg).

Alprazolam blood levels reported for human fatal intoxications are extremely 
variable. While some repots mention plasma levels within the toxic range of  
0.1–0.4 µg/ml ( Jones et al., 2016; McIntyre et al., 2017), Jenkins et al. (1997) 
detected plasma levels in a human alprazolam fatality of  2.1–2.3 µg/ml that is 
approximately 20% of  the ante-mortal levels seen in our study.

We observed significantly increased blood drug concentrations at all sampling 
times post-mortem. This phenomenon has been previously described for some 
other lipophilic drugs, e.g. thioridazine, morphine or citalopram (Koren and Klein, 
1992; Kugelberg et al., 2004; Castaing et al., 2006). However, the interindividual 
variability of  the drug concentration increase after death is high, in a few animals the 
post-mortem increase of  alprazolam blood levels was as large as 6-fold. This is again 
comparable to the previous observations for morphine with up to 5-fold drug level 
increase (Koren and Klein, 1992).

Table 1 – Alprazolam tissue distribution expressed as median 
percentages of total administered alprazolam dose (%) at time after 
death

Group 1
0 h

Group 2
2 h

Group 3
6 h

Group 4
24 h

Liver 
Kidney (left)
Heart
Lung (left)
Brain

5.17
0.29
0.21
0.08
0.32

7.11
0.34
0.22
0.08
0.10

8.17*
0.42
0.23
0.09
0.14

7.38
0.43*
0.32
0.10
0.24

*p<0.05 vs. 0 h after death
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The highest alprazolam tissue concentrations were found in fat and liver in 
group 1 (autopsy 30 min after intraperitoneal administration), whereas the lowest 
levels were observed in lungs and brain. These findings follow a similar distribution 
pattern described for 14C-alprazolam 30 min after intravenous administration 
(Banks et al., 1992) and correspond also to distribution of  diazepam and triazolam 
that both belong among benzodiazepines (Shiota et al., 2004). Although alprazolam 
concentration in the brain was low, the percentual distribution of  the administered 
dose was similar to that found in left kidney at the time of  death (Table 1).  
The highest percentage of  alprazolam dose were accumulated in the liver. It can  
be expected that largest proportion of  alprazolam dose accumulates in adipose 
tissue, however, as the total body fat is unknown the distribution could not be 
estimated.

The amount of  alprazolam deposited in the lung tissue was relatively stable 
over the 24-h post-mortem period, while in heart, liver and kidney the deposited 
proportion of  administered dose increased by 43–48% at 24 h after death in 
comparison with pre-mortem values indicating continuous accumulation of  
alprazolam into these tissues. The tissue concentrations tended to increase 
correspondingly to the percentage of  the dose deposited in liver and kidney, 
while the drug tissue concentration dropped in the heart early after death 
contrary to the increasing drug accumulation in the tissue. This was likely caused 
by an increased intramyocardial water content that may be seen after death 
especially in females (Boyd and Knight, 1963). On the other hand, both brain 
alprazolam content and brain tissue concentrations decreased early after death 
with subsequent tendency to reach equilibrium with blood concentrations. Due 
to the high variability of  tissue concentrations obtained, the differences of  tissue 
concentrations from the post-mortem sample only reached statistical significance 
for kidney at 24 h.

The clinical data on alprazolam distribution post-mortem are extremely limited. 
In a single fatal overdose, the ratios between tissue and plasma drug levels in 
kidney and liver were approximately 1.7 and 4.2, respectively ( Jenkins et al., 
1997), which well corresponds to the individual tissue to plasma ratios seen in 
our study ranging from 0.2 to 4.1 for kidney and from 0.9 to 9.2 for liver samples. 
The anatomical proximity between the different organs in rats in our model thus 
did not result in unrealistically overestimated post-mortem redistribution values 
for the human toxicological findings. In case there is an unabsorbed drug in the 
stomach or gastrointestinal tract at the time of  death, this may be redistributed to 
surrounding tissues (Pounder et al., 1996). In order to eliminate this phenomenon, 
we administered alprazolam intraperitoneally in this study. Although the most 
alprazolam overdoses are expected to follow oral ingestion of  the drug in humans, 
the absorption is fast and complete with Tmax of  1 h and absolute bioavailability 
80–100% (Greenblatt and Wright, 1993). Therefore, substantial alprazolam 
redistribution from the gastrointestinal tract is not expected in clinical settings.
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Conclusion
Median central blood alprazolam concentrations increased approximately 
1.5–2 times due to the redistribution over the 24-h post-mortem period and there 
was a substantial variability of  the extent of  alprazolam redistribution (0.9–6.1 fold).

The median amount of  alprazolam deposited in the lung tissue was relatively 
stable over the 24-h post-mortem period, while in heart, liver and kidney the 
deposited proportion of  administered dose increased by 43–48% at 24 h after 
death in comparison with pre-mortem values indicating continuous accumulation of  
alprazolam into these tissues.

These results demonstrate modest alprazolam redistribution post-mortem. 
However, due to the high variability of  alprazolam blood and tissue concentrations 
seen, the estimation of  drug exposure or time from death can’t be reliably done 
based on these pharmacokinetic data.
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Abstract: Encapsulating peritoneal sclerosis (EPS) is a rare life-threatening 
complication associated with peritoneal dialysis (PD). EPS is characterized by 
progressive fibrosis and sclerosis of  the peritoneum, with the formation of  a 
membrane and tethering of  loops of  the small intestine resulting in intestinal 
obstruction. It is very rare in children. We present a case of  a 16-year-old adolescent 
boy who developed EPS seven years after being placed on continuous ambulatory 
peritoneal dialysis (CAPD) complicated by several episodes of  bacterial peritonitis. 
The diagnosis was based on clinical, radiological, intraoperative and histopathological 
findings. The patient was successfully treated with surgical enterolysis. During a 
7-year follow-up, there have been no further episodes of  small bowel obstruction 
documented. He still continues to be on regular hemodialysis and is awaiting a 
deceased donor kidney transplant. EPS is a long-term complication of  peritoneal 
dialysis and is typically seen in adults. Rare cases may be seen in the pediatric 
population and require an appropriate surgical approach that is effective and 
lifesaving for these patients.
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Introduction
First described in 1980 (Gandhi et al., 1980), encapsulating peritoneal sclerosis 
(EPS) is a rare chronic inflammatory condition characterized by the presence of  
fibrosis and adhesions of  the peritoneum to loops of  the small intestine resulting in 
intermittent, acute or sub-acute gastrointestinal obstruction (Augustine et al., 2009). 
EPS has been primarily described secondary to treatment with peritoneal dialysis 
(PD) but it may also occur as a manifestation of  several other conditions, such as 
systemic autoimmune diseases, diseases of  the gastrointestinal tract, peritoneal and 
intra-abdominal malignancies, exposure to talc or particulate matter or the use of  
intraperitoneal disinfectant for peritoneal lavage and β-blocker administration (Plum 
et al., 2001; Kawanishi and Moriishi, 2005). EPS has also been reported after organ 
transplantation suggesting that transplantation may be an additional trigger for its 
onset (Fieren et al., 2007). Etiological factors that cause EPS in cases of  long-term 
PD are insufficiently clear but there is evidence that high glucose concentration and 
acidic pH in dialysis fluid, as well as the heat sterilization of  PD fluids, cause peritoneal 
damage and formation of  deposits comprising glucose degradation products (GDP) 
and advanced glycation end products (AGEs) ( Jorres et al., 1992; Fieren et al., 2007; 
Schmitt et al., 2007; Jagirdar et al., 2019). This may be aggravated by recurrent 
attacks of  peritonitis. The reported prevalence of  EPS in patients undergoing PD 
varies from 0.7% and 3.3% and increases with length of  time on PD (Schmitt et al., 
2007; Brown et al., 2009). Clinical presentation of  EPS includes weight loss, nausea, 
anorexia, intractable anemia, hypoalbuminemia, raised inflammatory markers and 
recurrent episodes of  acute or sub-acute small-bowel obstruction. Occasionally, an 
abdominal mass, formed of  the cocooned gut is palpable (Kawaguchi et al., 2000; 
Brown et al., 2009). The current management of  EPS is based on prevention and 
treatment of  inflammatory and fibrotic changes on the peritoneal membrane by 
immunosuppressive and antifibrotic agents, respectively (Kawaguchi et al., 2000). 
However, the optimal treatment for EPS remains controversial. Surgery forms an 
important aspect in the management of  EPS and includes excision of  the thickened 
and restricting membrane with enterolysis. Occasionally small bowel resection with 
the formation of  stomas may be required. Postoperative medical treatment, in the 
form of  steroids, tamoxifen or immunosuppression is also used (Celicout et al., 1998; 
Samarasam et al., 2005; Liu et al., 2009; Cornelis and Oreopoulos, 2011). Regardless 
of  the treatment modality, the mortality rate for patients with EPS is still high and 
ranges between 25 and 55% (Kawanishi and Moriishi, 2005; Brown et al., 2009).

Herein, we report a case of  a 16-year-old adolescent boy who developed EPS 
seven years after being placed on PD complicated by several episodes of  bacterial 
peritonitis and who was successfully treated with surgical enterolysis.

Case report
We report a case of  a 16-year-old adolescent boy with a history of  chronic renal 
failure due to bilateral high-grade vesicoureteral reflux and neuropathic bladder who 
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Figure 1A and B – Magnetic resonance imaging T2 WI scans in coronal and sagittal positions demonstrated 
thickened enhancing peritoneum and hyperintense, loculated fluid collection in the loops of  the small bowel 
(white arrows).

underwent diversionary surgery followed by subtotal bladder excision and bladder 
augmentation cystoplasty with the sigmoid at the age of  7 years. Two years later, 
peritoneal dialysis was commenced for renal replacement and associated with several 
episodes of  bacterial peritonitis. After seven years, due to ultrafiltration failure, the 
PD catheter was taken out and hemodialysis (HD) commenced. Three months after 
the removal of  the peritoneal catheter the patient developed abdominal symptoms 
consisting of  distension and diffuse abdominal pain, associated with loss of  appetite, 
nausea, and intermittent vomiting. It was noted that his weight had reduced by 10 kg 
the past year.

A plain X-ray of  the abdomen showed multiple dilated loops of  small bowel with 
air-fluid levels indicating an obstruction. An abdominal ultrasound demonstrated an 
echogenic thickening of  the bowel walls of  uncertain etiology while MRI (magnetic 
resonance imaging) indicated a thickened peritoneum and hyperintense, loculated 
fluid collections between the loops of  the small bowel (Figure 1A and B).

After a short course of  the conservative treatment that consisted of  close 
monitoring, nasogastric suction, and intravenous hydration, the patient underwent a 
laparotomy that was performed through the anterior approach with a long midline 
incision. A thorough abdominal exploration was carried out. The small bowel was 
covered with a thick cocoon that could not be separated from the intestinal wall. 
During the procedure there was a perforation of  the mid ileum which was repaired 
with seromuscular single-layered sutures. The findings were consistent with EPS 
(Figure 2A).

Biopsy of  the thickened peritoneum was done during laparotomy and the 
specimen was submitted to histopathology. It confirmed a thick fibrous capsule that 
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was composed of  scattered fibroblasts, fibrinous material with dense inflammatory 
infiltrates of  both mononuclear and polymorphonuclear cells.

During the post-operative course there was development of  an enteric fistula. 
Total parenteral nutrition was established and the patient was transferred to the 
specialized tertiary center for further treatment.

After a two-week period of  stabilization with total parenteral nutrition, regular 
dialysis and antibiotics, the patient was re-explored. Through a long midline 
laparotomy, the abdominal cavity was carefully entered. The entire small gut was 
encased in a granulating and fibrotic visceral peritoneal cocoon. There was a cavity 
anterior to the cocoon extending into the left hypochondrium, containing feculent 
material. A punched out everted perforation was seen in the cocooned mass. With 
careful dissection, the encasing cocoon was dissected off the bowel wall, releasing 

Figure 2 – Gross appearance  
of  encapsulating peritoneal sclerosis 
before and after enterolysis: 
peritoneal thickening on the visceral 
peritoneum of  the loops of  the  
small bowel (A) and complete 
enterolysis (B).
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loops of  cocooned small bowel. The entire small bowel was released from the 
ligament of  Treitz to the ileocecal junction. The perforation was localized to the mid 
ileum. An iatrogenic enterotomy was made in the terminal ileum, which was closed 
in a single layer. Once a complete enterolysis had been carried out (Figure 2B), the 
perforation was excised and was brought out in the left iliac fossa as a double-barreled 
ileostomy. The abdomen was thoroughly lavaged with saline and the abdomen packed 
with betadine packs. The patient was kept ventilated in the pediatric ICU (intensive 
care unit) and after 48 hours, re-explored. The gut was found to be healthy without 
any obvious perforations. The abdomen was closed with interpositioned biologic 
mesh, StratticeTM with skin closure over the mesh after undermining subcutaneous 
tissue. A vacuum dressing was placed over the closure. The patient was then 
woken up gradually and waned off the ventilator after a further 48 hours. There 
was a 6-week period of  recuperation, with wound sepsis with Vancomycin-Resistant 
Enterococcus (VRE) and Candida, which required micafungin for 3 weeks. A full oral 
diet was established after 10 days and parenteral nutrition weaned off.

After 6 months, the patient returned to the specialized tertiary center for planned 
elective closure of  the stoma. A midline laparotomy was carried out and the abdomen 
inspected. The gut was found to be healthy without any evidence of  cocooning or 
adhesions. The double barrel stoma was taken down and closed in a single layer after 
excising the mucocutaneous edges. The abdomen was closed.

After initially doing well, the patient developed an enterocutaneous fistula by the 
end of  a week, draining about 500 ml of  enteric contents towards the bottom of  the 
laparotomy incision. This was treated conservatively by parenteral nutrition for about 
8 weeks at the end of  which the fistula completely settled and he was established 
on a full oral diet. He rapidly put on weight after that, with normal nutritional and 
inflammatory markers.

During a 7-year follow-up, there have been no further episodes of  small bowel 
obstruction documented. He still continues to be on regular hemodialysis and is 
awaiting a deceased donor kidney transplant.

Discussion
EPS has been primarily described secondary to treatment with peritoneal dialysis (PD) 
in adults (Plum et al., 2001; Kawanishi and Moriishi, 2005). It is very uncommon in 
pediatric population and there are only very few reported and well documented cases 
of  EPS in children (Hoshii et al., 2000; Ekim et al., 2005; Tan et al., 2005). However, 
the reported outcome of  pediatric EPS cases is significantly better with a lower 
mortality and morbidity compared with adult patients (Shroff et al., 2013; Jagirdar  
et al., 2019).

Regardless the patient’s age and the underlying factors that cause EPS, the principles 
of  management remain the same. Our case illustrates the morbidity that could be 
associated with this difficult condition and the importance of  early definitive diagnosis 
and effective multidisciplinary surgical intervention.
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For the proper treatment of  EPS, Nakamoto (2005) proposed that the 
development of  EPS should be divided based on abdominal symptoms, inflammation, 
encapsulation, and intestinal findings into four stages: stage 1 (pre-EPS), stage 2 
(inflammatory), stage 3 (encapsulating), and stage 4 (chronic EPS).

There is a strong evidence that the duration of  the PD therapy is linked with the 
development of  EPS (Kawanishi et al., 2004; Brown et al., 2009). While the length 
of  time alone may not be the strongest factor, that in combination with recurrent 
episodes of  peritonitis and other predisposing factors in all likelihood causes overt 
disease. It has also been noted that more than two-thirds of  EPS cases are diagnosed 
after discontinuation of  PD therapy (Kawanishi et al., 2004), or a modality shift; 
i.e. PD to HD or PD to successful transplantation. Yamamoto et al. (2010) have 
suggested that retaining the PD catheter and regular lavage may be a possible limiting 
factor for the accumulation of  factors that encourage the development of  the 
disease. Our case reflects all these etiologic aspects because the presentation of  EPS 
occurred seven years after the introduction of  PD therapy and three months after 
discontinuation of  PD.

No gold standard exists for the diagnosis of  EPS. At present, there are no 
reliable predictive markers for EPS. However, in any patient on long term PD with 
abdominal symptoms, persistently raised inflammatory markers and a declining 
albumin, the diagnosis of  EPS should be considered. The diagnosis of  EPS is 
based on a constellation of  clinical findings and confirmed by imaging techniques 
(CT – computed tomography, or ultrasound) or by laparotomy (Nakamoto, 2005; 
Moinuddin et al., 2014). Consequently, there are no consensus guidelines on the 
management of  EPS. The mainstay of  management consists of  the termination of  
PD and the use of  immunosuppressive, antifibrotic medicines, aggressive nutritional 
support, and surgical treatment when necessary. There is no definite medical 
therapy for the disease although some small case studies showed the usefulness 
of  corticosteroids, particularly in the treatment of  EPS in its early inflammatory 
stages, and tamoxifen (Korte et al., 2011; Kawanishi, 2012). However, other studies 
did not confirm the significant utility of  tamoxifen, a selective estrogen receptor 
modulator with strong anti-fibrotic properties related to inhibition of  cytokine 
TGF-β (transforming growth factor-β) (Balasubramaniam et al., 2009). Surgical 
treatment in EPS was previously associated with high morbidity and mortality rates 
(Kittur et al., 1990). However, more recently, surgical enterolysis has been shown 
to be the definitive therapeutic option in almost all patients with advanced EPS 
with acute or subacute intestinal obstruction (Kawanishi et al., 2005, 2011). One of  
the more important reasons for this increased success is the conduct of  treatment 
by experienced surgeons familiar with this pathology. This therapeutic approach 
appeared to work in our pediatric case, as the patient had no more recurrent 
episodes of  intestinal obstruction. The management of  our patient reflects the 
challenges that can be faced in the surgical treatment of  EPS. It also shows that EPS 
may affect children and that an aggressive surgical management can be effective 
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and lifesaving for these patients. Additionally, this report could alert pediatric 
nephrologists to this rare but a life-threatening complication of  chronic PD and 
emphasize the need for prompt diagnosis and timely conversion to hemodialysis 
(HD) in high-risk patients with ultrafiltration failure.
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Introduction
Anaplastic large cell lymphomas (ALCL) are pathologically distinct lymphoid 
neoplasms with clinically aggressive behaviour. ALCL show an incidence of  
approximately 0.25 per 100,000 person-years and account for approximately 
14% of  all diagnosed NK/T-cell lymphomas (Morton et al., 2006). The anaplastic 
lymphoma kinase (ALK) is aberrantly expressed in approximately 50 to 80% of  
all patients with ALCL and correlates with chromosomal rearrangement, e.g. 
t(2;5)(p23;q35) – resulting in an ALK-NPM1 fusion. It allows the subdivision into 
ALK-positive and ALK-negative ALCL, which are listed as distinct entities in the 
current World Health Organization classification (Swerdlow et al., 2008). In 
a retrospective analysis, the median age of  ALK-positive ALCL was 34 years, 
whereas the median age of  ALK-negative ALCL was 58 (Savage et al., 2008). 
For both subsets, patients are predominantly male and present with stage III to 
IV disease, which often involves multiple extranodal sites including skin, soft tissue, 
bone, lung, intestinal tract, liver, spleen and bone marrow (Falini et al., 1999; 
Savage et al., 2008; Sibon et al., 2012). B-symptoms and other paraneoplastic 
phenomena like migratory rash, pruritus, arthralgias, lymph node, and skeletal pain 
are commonly observed (Shustov and Soma, 2019). Initial laboratory analyses 
sometimes reveal nonspecific abnormalities, such as lactate dehydrogenase 
(LDH) elevation, anemia and thrombocytopenia (Savage et al., 2008). Usually 
the diagnosis of  ALCL is suggested by the morphology and confirmed by positive 
immunohistochemistry for CD30 and eventually ALK (Shustov and Soma, 2019). 
Early recognition and diagnosis followed by appropriate therapy are critical 
cornerstones of  care. Treatment with Brentuximab vedotin, Cyclophosphamide, 
Doxorubicin, and Prednisone (A+CHP) can entail a similar rate of  adverse effects 
like febrile neutropenia or peripheral neuropathy, but was shown to be associated 
with a significantly improved progression free survival when compared to standard 
CHOP (Vincristine, Doxorubicin, Cyclophosphamide, Prednisone) therapy 
(Horwitz et al., 2019).

A rare and severe complication of  ALCL is hemophagocytic lymphohistiocytosis 
(HLH). This cytokine-driven hyperinflammatory syndrome can either manifest 
primarily due to a genetic defect or as a secondary concomitant phenomenon 
of  hematological malignancies, infections, autoimmune processes or drug intake 
(Vick et al., 2017). HLH is diagnosed in about 23% of  all patients with peripheral 
T-cell lymphomas and is associated with a significantly worse prognosis (Xie et al., 
2013). The median overall survival in these cases is less than 1 year and HLH can 
present with various symptoms. Thus, the clinical diagnosis requires the fulfilment 
of  5 out of  8 criteria (Vick et al., 2017). Laboratory findings showing cytopenia, 
hypertriglyceridemia, hyperferritinemia, and elevated soluble IL-2 receptor 
(sCD25) should heighten the suspicion of  HLH.
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Case report
A previously healthy Caucasian female in her early fifties was referred by her general 
practitioner and presented with a one-week history of  fever, headache, myalgia, as 
well as a three-week history of  a slightly enlarged and tender right inguinal lymph 
node. The patient declined any travel history, night-sweat or loss of  weight, but 
stated to suffer from fever (up to 40 °C) and shivering during the last week. Upon 
physical examination, enlarged cervical, supraclavicular and inguinal lymph nodes 
were observed. Initial laboratory work-up showed slight leukocytopenia (2.89×109/l, 
range 4–10×109/l) with left shift (banded neutrophils 14%, segmented neutrophils 
40%, lymphocytes 38%, monocytes 1%, metamyelocytes 1%, myelocytes 2%, atypical 
lymphocytes 4%), as well as thrombocytopenia (82×109/l, range 150–440×109/l) 
and increased lactate dehydrogenase (LDH) of  793 U/l (range < 308 U/l). 
Furthermore, we observed an increased C-reactive protein (CRP) concentration of  
28.9 mg/l (range < 5 mg/l), minimally elevated aspartate-aminotransferase (AST) 
and elevated lipase and pancreatic amylase, albeit without associated symptoms of  
pancreatitis. Empirical antibiotic therapy was started with amoxicillin/clavulanic acid 
and subsequently changed to ceftriaxone and clarithromycin due to persistent fever.

Based on these findings we initially suspected an infectious cause and abdominal 
sonography revealed hepatosplenomegaly, which was consistent with a possible 
Epstein-Barr-Virus (EBV) infection. Computed tomography of  the neck, chest and 
abdomen additionally demonstrated several marginally or pathologically enlarged 
lymph nodes. However, analyses of  anti-EBV IgG and IgM demonstrated only 
positivity for gamma immunoglobulin, indicating a past infection. Further work-
up did not reveal any signs of  an active or past HIV, cytomegalovirus (CMV) or 
hepatitis B/C infection and blood cultures remained without microbial growth. 
We therefore performed a bone marrow aspiration, which showed maturation of  
all cell-lines. However, toxic granulations were observed within the granulopoietic 
system and slight dysplastic changes of  erythropoiesis, but without the presence 
of  ring sideroblasts or cytologically apparent neoplastic infiltration. In the course 
of  the disease, the patient rapidly developed progressive hyponatremia, as well 
as markedly elevated liver enzymes (AST up to 2,486 U/l, range < 37 U/l, ALT 
1,551 U/l, range < 35 U/l, and GGT 1,136 U/l, range < 40 U/l). Concomitantly, 
we observed worsening of  the international normalized ratio (INR), rise in LDH 
(up to 3,041 U/l), soluble IL-2 (up to 34,864 U/ml) and ferritin (up to 20,066 μg/l) 
– indicating an underlying hemophagocytic lymphohistiocytosis (HLH) with hepatic 
involvement. The most common secondary infectious causes of  HLH were ruled 
out by extensive serological and microbiological testing. We started the patient on 
100 mg/day intravenous prednisone, after which liver transaminases decreased. 
However, the patients’ overall condition did not improve and she suffered from 
constant fever, even with continuous application of  novaminsulfon.

Concomitant pathological analyses of  an inguinal lymph node, as well as bone 
marrow biopsy and liver biopsy then revealed a highly proliferating (Ki67: 90–95%) 
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neoplasm with medium-sized cytomorphology. Immunohistochemistry showed 
positivity for CD30, ALK-1, Perforin, EMA, CD3 and weak CD4, whilst no signal 
was observed for CD20, PAX-5, CD68. CD117, CD138, CD5, CD8 and AE1/3. 
Therefore, the diagnosis of  a highly proliferating ALK-positive anaplastic large 
cell lymphoma (ALCL) was made. Furthermore, marked necroinflammatory and 
proliferative activity of  the liver parenchyma was observed.

We immediately started a treatment with dose-adapted A+CHP (Brentuximab, 
Cyclophosphamide, Doxorubicin and Prednisone), after which we did not observe 
a tumour lysis syndrome according to the Cairo-Bishop criteria, but a decrease in 
renal function with a glomerular filtration rate of  minimally 28.5 ml/min/1.73 m2 
according to CKD-EPI and hydropic decompensation that necessitated aggressive 
diuretic therapy, as well as supportive oxygen. Due to rising CRP and recurrent fever, 
antibiotic therapy was then escalated to piperacillin/tazobactam and subsequently to 
meropenem. Computed tomography of  the chest revealed bipulmonary infiltrates. 
We transferred the patient to our intensive care due to progressive respiratory 
insufficiency and endotracheal intubation was necessary thereafter. The patients’ 
condition worsened with concomitantly rising liver parameters, CRP, LDH and 
progressive renal insufficiency. Blood cultures showed growth of  Enterococcus 
faecium, but no significant growth of  pathological microbiota was observed after 
culture of  upper respiratory tract material. Despite maximum catecholaminergic 
support and anti-infective treatment according to the obtained antibiogram, the 
patient died of  (most likely) pneumogenic neutropenic septic shock with multi-organ 
failure only 8 days after diagnosis of  the underlying ALCL.

Discussion and Conclusion
Hodgkin and non-Hodgkin lymphomas like ALCL can present diagnostic challenges 
for clinicians. Due to the rarity and broad differential diagnosis these malignancies 
can remain clinically unrecognized over a long period of  time (Mosunjac et al., 2008). 
Since the clinical symptoms and initial laboratory analyses of  patients with ALCL are 
nonspecific and vary considerably among individuals, immunohistochemical analysis 
of  affected sites is required to confirm the diagnosis (Hapgood and Savage, 2015). 
Furthermore, a unique feature of  our case was that ALCL presented as an inguinal 
lymph node which was painful, in contrast to lymphomatous nodes, which usually 
appear to be non-tender (Bilodeau and Fessele, 1998).

The patient’s history of  prolonged fever and tender inguinal lymph node 
thus also pointed to an infectious disease as the trigger of  her hemophagocytic 
lymphohistiocytosis. Furthermore, treatment with prednisone did not result in clinical 
improvement in our patient, which is in contrast to its observed beneficial effects in 
patients with lymphoid malignancies (Pufall, 2015).

In summary, ALCL should be suspected whenever a patient presents with fever, 
mild lymphadenopathy, hepatosplenomegaly and laboratory findings consistent with 
a hyperinflammatory syndrome. Our case report highlights the importance of  timely 
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collection of  bioptic material for the early detection and correct identification of  an 
underlying ALCL. Furthermore, maintaining a high degree of  suspicion is decisive 
to identify a hematologic malignancy as the underlying cause for hemophagocytic 
lymphohistiocytosis because clinical symptoms can overlap.
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Abstract: Tubercular mastitis is a rare form of  extrapulmonary tuberculosis 
commonly seen in multiparous and lactating women in developing countries. 
It is a diagnostic challenge and commonly misdiagnosed as breast carcinoma. 
Tubercular mastitis is paucibacillary, and fine-needle aspiration cytology provides 
an accurate diagnosis – the presence of  granulomas with Langerhans giant cells on 
histopathological examination warrants empirical treatment with anti-tubercular 
drugs. We report a case of  a 31-year-old Indian female who consulted a local 
physician with chief  complaints of  a palpable, tender mass in her left breast, with 
pain, swelling, and purulent discharge past 15 days. The patient’s past medical, 
surgical, medication history, and family history (concerning tuberculosis) were not 
significant. Initially, the patient suspected of  breast malignancy based upon physical 
examination, mammography, and fine-needle aspiration cytology but an accurate 
diagnosis of  tubercular mastitis made with repeated histopathological examination. 
Histopathologic examination of  excised material showed granulomas composed of  
histocytes, Langerhans giant cells, and inflammatory cells. The patient underwent 
surgical drainage on the left breast and put on the anti-tubercular regimen for 6 
months with her child also prescribed isoniazid for 6 months. The patient advised for 
regular follow-ups.
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Introduction
Breast tuberculosis (TB), also known as tubercular mastitis (TM), is a rare form of  
extrapulmonary tuberculosis that was first described in 1829 by English surgeon Sir 
Astley Cooper (Cooper, 1829). The incidence of  tubercular mastitis is 0.1% of  all 
breast lesions in developed countries, but in developing countries where endemic is 
high, it reaches 3–4% (De Sousa and Patil, 2011; Gon et al., 2013). It is common in 
multiparous, lactating women (Dubey and Agarwal, 1968). It presents a diagnostic 
challenge as it closely mimics breast carcinoma, idiopathic granulomatous mastitis, 
and bacterial abscesses that may result in misdiagnosis. TM is paucibacillary, and thus 
routine diagnostic tests used for pulmonary tuberculosis like culture, microscopy, 
and polymerase chain reaction (PCR) techniques are not much useful (Pai et al., 
2004). Primary tuberculous mastitis particularly refers to the rare cases in which the 
breast tissue is infected first by tubercle bacilli (Schaefer, 1955), whereas “secondary 
tuberculous mastitis” refers to the presence of  tuberculous co-infection elsewhere in 
the body (Schaefer, 1955).

Tubercular mastitis generally presents as a single breast lump in the central or 
upper outer quadrant due to many extensions from axillary lymph nodes to the 
breast. The lump is usually irregular and hard, painful, mobile, or fixed to the skin or 
chest wall. In some cases, the lump presented with ulceration of  the overlying skin, 
breast abscess, nipple retraction, and breast oedema (Strazzanti et al., 2018). Fine-
needle aspiration cytology (FNAC) is a beneficial technique for detecting granulomas 
in tuberculosis endemic countries and presence of  granulomas with Langerhans giant 
cells in FNAC warrants empirical treatment for tuberculosis even in the absence of  
positive acid-fast bacilli (AFB) and culture results (Tauro et al., 2011). Mammography 
and breast ultrasound imaging techniques do not provide aid in the diagnosis. Anti-
tubercular regimen for at least six months in combination with surgical drainage are 
usually associated with excellent outcome (Kakkar et al., 2000; Tewari and Shukla, 
2005).

Following CARE guidelines, we report a rare case of  tubercular mastitis in a 
31-year-old female, initially suspected as a breast malignancy. However, later on, the 
patient was correctly diagnosed after histopathological examination of  excisional 
biopsy material.

Case report
On 11th May 2020, a 31-year-old Indian female, house-wife by occupation and 
mother of  three children, consulted a local physician with chief  complaints of  a 
palpable, tender mass in her left breast, with pain, swelling and purulent discharge 
since past 15 days. The right breast was normal. The patient is illiterate and resides 
in a village. She was afebrile, and her vitals were outlined in Table 1. The patient 
was a non-smoker, non-alcoholic, consumes a mixed Indian diet, and has a regular 
sleep pattern. There was no history of  loss of  weight, loss of  appetite, night sweats, 
and fever. The patient’s past medical, surgical, medication history, and family history 
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Table 1 – Vital parameters of the patient at different periods

Date Vital parameters

11th May 2020

– Temperature – 36.5 °C
– Pulse rate – 96 beats per minute
– Respiratory rate – 18 breaths per minute
– Blood pressure – 110/70 mm Hg

21st May 2020

– Temperature – 36.5 °C
– Pulse rate – 110 beats per minute
– Respiratory rate – 16 breaths per minute
– Blood pressure – 110/70 mm Hg

26th May 2020

– Eastern Cooperative Oncology Group performance status – 0
– Temperature – 36.4 °C
– Pulse rate – 112 beats per minute
– Blood pressure – 100/60 mm Hg
– SpO2 – 97%

2nd June 2020

– Temperature – 36.2 °C
– Pulse rate – 120 beats per minute
– Respiratory rate – 18 breaths per minute
– Blood pressure – 110/70 mm Hg
– SpO2 – 98%

3rd June 2020
– Pulse rate – 80 beats per minute
– Blood pressure – 120/80 mm Hg

(w.r.t. TB) were not significant. Upon physical examination, the left breast showed a 
painful lump with abnormal discharge.

The pharmacotherapy is outlined in Table 2. Despite the pharmacotherapy, her 
symptoms were not relieved. On 21st May 2020, the patient again complained of  
severe pain and redness in the left breast. Upon physical examination, a painful lump 
with redness around the nipple area was observed. The lump was observed in the 
upper, anterior, and central quadrant. Her laboratory investigations and imaging 
technique results are outlined in Table 3. Ultrasound-guided FNAC of  the left breast 
showed abundant inflammatory infiltrates of  polymorphonuclear leucocytes, as well 
as several loose clusters of  ductal cells seen with mild nuclear atypia along with 
multinucleated giant cells. Clinical differential diagnosis of  ductal malignancy with 
abscess made. The patient referred to the National Cancer Institute (NCI).

On 26th May 2020, the patient visited NCI with severe pain and redness in the 
left breast, coupled with anorexia. Upon left breast examination, a lump of  size 
measuring 6×5 cm with nipple-areolar complex enhancement was observed. 
There were no signs of  icterus, pallor, bleeding, pedal oedema, clubbing, and 
cyanosis. Her gynaecologic history was reported as G3P3A0. Her last menstrual 
period recorded was on 18th May 2020, with the regular flow. The doctor advised 
for tru-cut biopsy, bilateral digital mammography, complete blood count (CBC), 
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Table 2 – Details of the pharmacotherapy at different periods

Date Prescribed drugs R.O.A. Notes

11th May  
2020

– Tab Amoxicillin (500 mg) + Clavulanic acid  
(125 mg) – twice daily for 5 days

– Diethylcarbamazine citrate – 100 mg
– Piroxicam – 10 mg

oral
The treatment was 
prescribed for  
a one-week duration.

2nd June  
2020

– Tab Amoxicillin (500 mg) + Clavulanic acid  
(125 mg) – twice daily for 5 days

– Tab Pantoprazole (40 mg) – twice daily  
for 5 days

– Tab Diclofenac (50 mg) + Serratiopeptidase  
(10 mg) – twice daily for 5 days

oral

The patient took 
medicines for one day. 
On 3rd June the patient 
was operated and was 
prescribed with other 
medications.

3rd June  
2020

– Tab Amoxicillin (500 mg) + Clavulanic acid  
(125 mg) – twice daily for 5 days

– Tab Paracetamol (650 mg) – twice daily  
for 5 days

oral none

11th June  
2020

Anti-tubercular regimen:
– Rifampicin (R) – 150 mg
– Isoniazid (H) – 75 mg
– Pyrazinamide (Z) – 400 mg
– Ethambutol hydrochloride (E) – 275 mg

oral

The course of  treatment 
was 6 months. The 
child of  the mother also 
prescribed isoniazid – 
100 mg.

R.O.A. – route of  administration

liver function test (LFT), kidney function test (KFT), CT (computed tomography) 
scan of  chest and abdomen, and bone scan (results mentioned in Table 3). 
Histopathological examination of  left breast mass showed breast parenchyma with 
epithelioid cell granulomas composed of  epithelioid cells, Langerhans giant cells, 
central necrosis, diffuse lympho-plasmacytic chronic inflammatory infiltrates with 
the collection of  polymorphonuclear leucocytes. Intervening areas show benign 
breast ducts and lobules with chronic inflammatory infiltrate. Histomorphological 
findings are suggestive of  granulomatous mastitis. ZN (Ziehl-Neelsen) stain for AFB 
negative. Her bilateral digital mammography of  left breast shows heterogeneously 
dense. It shows a large irregular lesion with serrated margins involving the upper 
outer and central quadrant extending to the retro-areolar region. Correlative 
sonomammography reported a lobulated heterogeneously hypoechoeic lesion at 
2–3 o’clock position, approximately measuring 4.8×2.8×2.1 cm with retro-areolar 
extension. There are associated with mixed echoic collections on the lateral aspect 
of  the nipple and medially at 9 o’clock position with mobile internal echoes, appears 
inflammatory/infective.

Furthermore, few prominent and enlarged left axillary lymph nodes were observed 
with the largest measuring 2.1×1.1 cm. Bilateral digital mammography of  the 
left breast suggests a large irregular lesion with serrated margins involving upper, 
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Table 3 – Abnormal laboratory investigation and imaging technique 
reports of the patient

Date Laboratory investigation Imaging technique reports

21st May 
2020

Fine-needle aspiration cytology:
The reported concluded that the  
features are suggestive of  ductal 
malignancy with abscess.

none

26th May 
2020

Haematology report:
– Haemoglobin (Hb) – 10.7 g/dl
– PCV – 30.5%
– MCV – 69.1 fl
– MCH – 24.3 pg
Histopathology report:
Impression: histomorphological  
findings are suggestive  
of  granulomatous mastitis.
ZN stain for AFB negative

Bilateral digital mammography:
Right breast:
Impression: bilateral digital mammography 
reveals:
– No evidence of  malignancy in the right 

breast. ACR-BIRADS category 1.
– Large irregular lesion with serrated margins 

involving upper, outer and central quadrant 
extending to the retro-areolar region as 
described (ACR-BIRADS category 6).

3rd June 
2020

– Random blood sugar – 96 mg/dl
– Hb – 10.5 gm/dl
– HIV screening – negative
– HBsAG screening – negative

none

8th June 
2020

Histopathology report:
Left breast lump: inflammatory  
breast pathology – granulomatous 
mastitis.
There was no evidence of  carcinoma  
in the excised breast tissue.

none

Hb – haemoglobin; PCV – packed cell volume; MCV – mean corpuscular volume; MCH – mean corpuscular 
haemoglobin; HBsAG – hepatitis B virus antigen; ZN – Ziehl-Neelsen; AFB – acid fast bacillus

outer, and central quadrant extending to the retro-areolar region as described – 
ACR-BIRADS category 6 (ACR-BIRADS category – Table 4; Figure 1). There was 
no evidence of  malignancy in the right breast, and it was normal – ACR-BIRADS 
category 1. The oncopathologist suggested for a repeat biopsy from the suspicious 
area/axillary lymph nodes for confirmation/to rule out malignancy.

On 2nd June 2020, the results of  bone scan (skeletal scintigraphy) reports came, 
and there was no visible evidence of  osteoblastic skeletal metastasis. The CT 
scan of  the chest and abdomen were also normal. The patient was prescribed 
medication, as shown in Table 2, on 2 June. She took medications for one day, 
and later on the other day, she was operated and advised to undergo drainage 
and excision of  the lump in the left breast. On 3rd June, her random blood sugar 
was 96 mg/dl; she was tested negative for HIV screening and HBsAg screening. At 
2 p.m., the patient operated on left breast under general anaesthesia, and excision 
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Table 4 – Concordance between BI-RADS assessment categories and 
likelihood of cancer

Assessment Likelihood of cancer

Category 0: Incomplete – need additional imaging 
evaluation and prior mammograms for comparison

N/A

Category 1: Negative essentially 0% likelihood of  malignancy

Category 2: Benign essentially 0% likelihood of  malignancy

Category 3: Probably benign > 0% but ≤ 2% likelihood of  malignancy

Category 4: Suspicious > 2% but < 95% likelihood of  malignancy

Category 4A: Low suspicion for malignancy > 2% to ≤ 10% likelihood of  malignancy

Category 4B: Moderate suspicion for malignancy > 10% to ≤ 50% likelihood of  malignancy

Category 4C: High suspicion for malignancy > 50% to < 95% likelihood of  malignancy

Category 5: Highly suggestive of  malignancy ≥ 95% likelihood of  malignancy

Category 6: Known biopsy-proven malignancy N/A

N/A – not available

Figure 1 – Mammography of  the left breast shows a large irregular lesion involving the upper, outer,  
and central quadrant.

with drainage performed, and the incisional biopsy material sent for testing. The 
patient asked to visit again after one week and prescribed medication, as outlined 
in Table 2. The patient referred to the regional TB hospital for further treatment. 
On 8th June, the histopathological report revealed a predominantly peri-ductal 
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Figure 2 – A) Chronic granulomatous inflammation; B) smear confirms the presence of  Langerhan’s giant cell  
and inflammatory cells.

inflammation, peri-ductal fibrosis, and acute and chronic inflammatory infiltrate 
consisting of  polymorphs and lymphocytes (Figure 2a). Granulomas were composed 
of  histocytes, Langerhans giant cells, and inflammatory cells (Figure 2b), and there 
was no evidence of  carcinoma in the excised breast tissue.

On 11th June, the patient visited the regional TB hospital, and her weight was 
45 kg. The patient was diagnosed as tubercular mastitis (extrapulmonary TB), and 
the basis of  diagnosis is clinical TB. She has prescribed an anti-tubercular regimen  
for 6 months and is advised for regular follow-ups.

ACR-BIRADS or BI-RADS stands for American College of  Radiology-Breast 
Imaging Reporting and Data System and is established by the American College 
of  Radiology. “BI-RADS is a scheme for putting the findings from mammogram 
screening (for breast cancer diagnosis) into a small number of  well-defined 
categories” (American College of  Radiology, 2020). “BI-RADS mainly benefits the 
radiologists who report mammograms (and breast magnetic resonance imaging and 
ultrasound) findings” (American College of  Radiology, 2020).

Discussion
Primary tuberculous mastitis is a rare entity of  TB and more commonly seen in 
developing countries (Madhusudhan and Gamanagatti, 2008). “Tuberculous mastitis 
contributes between 0.025 and 0.1% of  all surgically treated breast diseases” (Kalaç 
et al., 2002). “Risk factors for breast tuberculosis include multiparity, lactation, 
trauma, history of  suppurative mastitis and immunosuppression” (Tanrikulu 
et al., 2010). In our case, the patient had no prior history of  tuberculosis, and 
upon physical and radiological examination, there was no evidence of  any other 
tuberculous focus except for left breast. There is a lack of  awareness about its 
presentation among healthcare professionals; thus, it is overlooked in the majority 
of  the patients. The primary form of  breast tuberculosis can represent tuberculous 
mastitis, as supported by the presence of  a breast lump, which mimics breast 
carcinoma (Tewari and Shukla, 2005). Women of  reproductive age during the 
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lactation period carries a higher risk of  tuberculous mastitis, and both breasts can be 
involved with equal frequency (Tewari and Shukla, 2005). Our patient reported to 
be multiparous, and only left breast was infected as confirmed by mammography and 
histopathological reports.

“Tuberculous mastitis may present with an irregular, painful lump in the breast 
(sometimes attached to the overlying skin or the underlying muscle), with or without 
ulceration of  overlying skin and accompanied with purulent nipple discharge” (Tewari 
and Shukla, 2005; Biswas et al., 2018). Multiple nodules and multiple sinuses may 
be present, but multiple lumps are uncommon. Tenderness is more frequently seen 
in breast tuberculosis rather than in breast carcinomas. The upper outer quadrant 
of  the breast is most commonly involved in breast TB. Nipple and areola are not 
commonly involved (Tewari and Shukla, 2005; Biswas et al., 2018). Our patient also 
presented with painful irregular lump with purulent nipple discharge in the left breast. 
The lump was observed in the upper, anterior, and central quadrant with redness 
around the nipple area. In our case, the patient reported no constitutional symptoms 
like fever, malaise, night sweats, but the patient was malnourished with a weight of  
around 45 kg.

“Based on the clinical and radiological features, breast tuberculosis is classified into 
five different forms: nodular tuberculous mastitis, disseminated tuberculous mastitis, 
sclerosing tuberculous mastitis, tuberculous mastitis obliterans and acute miliary 
tuberculous mastitis” (McKeown and Wilkinson, 1952). “The nodulocaseous form 
presents as a painless, slowly growing and well-circumscribed mass that develops to 
involve overlying skin and may ulcerate forming discharging sinuses” (McKeown and 
Wilkinson, 1952). “The disseminated form initiates with numerous foci throughout 
the breast that caseates later, resulting in sinus formation with or without painful 
ulceration” (McKeown and Wilkinson, 1952). “The sclerosing form is common in the 
elderly, with excessive fibrosis dominating than caseation” (McKeown and Wilkinson, 
1952). “Tuberculous mastitis obliterans is marked by duct infection-causing 
proliferation of  lining epithelium with noticeable epithelial and periductal fibrosis” 
(McKeown and Wilkinson, 1952). “Acute miliary tuberculous mastitis is a part of  
generalized miliary tuberculosis” (McKeown and Wilkinson, 1952). Our case is of  the 
nodular type. The last two forms are uncommon.

Diagnosis of  breast tuberculosis is difficult, and the patients have to undertake 
many investigations before an accurate diagnosis. Mammograms and ultrasonography 
are of  limited value as they do not distinguish breast tuberculosis from breast 
carcinoma (Tewari and Shukla, 2005). In our case, bilateral digital mammography of  
the right breast revealed no evidence of  malignancy with ACR-BIRADS category 1. 
In contrast, the left breast results showed large irregular lesions in the upper, outer, 
and central quadrant extending to the retro-areolar region with ACR-BIRADS 
category 6. For correct diagnosis, bacteriological and histological examination if  of  
high value (Bailey and Love, 1962). In TM, the bacilli isolated in only 25% of  cases, 
and acid-fast bacilli (AFB) are detected only in 12% of  the cases. In our case also, 
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Ziehl-Neelsen (ZN) stain for AFB reported as negative since the disease is usually 
paucibacillary in most of  the cases (Kakkar et al., 2000). However, for diagnosis of  
the disease, it is generally enough to identify the presence of  caseating granulomas 
with Langerhans giant cells in the breast tissue, with lymph node involvement. In 
countries where tuberculosis is epidemic, the presence of  granuloma fine-needle 
aspiration cytology (FNAC) is sufficient to initiate tuberculosis treatment even in the 
absence of  positive AFB and without culture results (Tauro et al., 2011). In our case, 
based upon first time ultrasound-guided FNAC of  the left breast clinical differential 
diagnosis of  ductal malignancy with abscess was made. Histopathological findings 
for the second time revealed epithelioid cell granulomas, Langerhans giant cells, 
central necrosis, diffuse lympho-plasmacytic chronic inflammatory infiltrates with the 
collection of  polymorphonuclear leucocytes. These findings suggested granulomatous 
mastitis. Third-time histopathological report of  excisional material revealed a 
predominantly peri-ductal inflammation, peri-ductal fibrosis, and acute and chronic 
inflammatory infiltrate consisting of  polymorphs and lymphocytes, granulomas 
composed of  histocytes, giant cells, and inflammatory cells. The accurate diagnosis 
was made as granulomatous mastitis, and there was no evidence of  carcinoma in the 
excised breast tissue.

There are no specific guidelines for the treatment of  breast tuberculosis, but many 
studies have highlighted the role of  anti-tubercular therapy for 6 months as the 
mainstay of  treatment (Tewari and Shukla, 2005; Madhusudhan and Gamanagatti, 
2008; Gon et al., 2013). “Anti-tuberculous therapy (ATT) includes rifampicin, 
isoniazid, pyrazinamide, and ethambutol” (Kao et al., 2010). Surgical drainage 
and resection of  the ducts alone is ineffective. In our case, surgical drainage was 
performed, and the patient was prescribed an anti-tubercular regimen for 6 months. 
Along with the patient, the child of  the patient has also prescribed isoniazid for 
6 months. Healing is often slow, and mastectomy is restricted to patients with 
persistent residual infection (Bailey and Love, 1962). The patient advised for regular 
follow-ups.

Conclusion
Tuberculous mastitis is a rare form of  extrapulmonary tuberculosis. Special care 
should be taken when diagnosing a breast mass, particularly in endemic areas with 
tuberculosis, as it may be misdiagnosed as malignancy. Histopathological examination 
of  the excisional biopsy material provides for accurate diagnosis of  the disease.  
Anti-tubercular regimen, surgical drainage, and regular follow-ups are the mainstays 
of  the treatment.
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dog. The wound of  the forehead is primary closed while scalp is reimplanted. Due 
to non-acceptance on the eighth day a necrectomy of  devitalized tissue was done. 
Before applying Integra®, for 2 days, the wound was treated with a V.A.C.® system. 
After 14 days, Integra® was accepted and split-thickness skin graft (STSG) was 
transplanted from left upper leg. After 3 months the local status is satisfactory.  
A hair transplant is planned in the future.
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Introduction
Of all emergency pediatric conditions, dog bites account for 0.3–1.5% (Daniels et al., 
2009; Sabhaney and Goldman, 2012). Particularly at-risk group is children under  
10 years of  age. Lately, dog bites have been increasingly recognized as a medical and 
public health issue, as they leave functional, aesthetic and psychosocial consequences 
(Bernardo et al., 2000).

Case report
We show the case of  a one-year-old boy who was referred from a general hospital 
to our Department of  Pediatric Surgery for extensive scalp injury by a neighbour’s 
dog (Figure 1a). In the general hospital, the wound was flushed and the child was 
administered ceftriaxone. A piece of  scalp skin was sent in saline. Upon arrival, 
the child was vaccinated (tetanus-diphtheria toxoids/tetanus immune globulin). 
The craniogram showed no signs of  fracture. At the operating table, we verified 
a 22 cm long forehead and scalp injury that extended from the left eyebrow to 
the middle of  the scalp. A swab was taken. Immediately, thinking about the final 

Figure 1 – a) Massive scalp injury; b) appearance after primary forehead closure  
and scalp reimplantation; c) scalp piece (9 cm × 5 cm).
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aesthetic appearance, we decided to primary close the forehead region first. On 
the part of  the scalp that we were unable to primarily close, we reimplanted a 
piece of  boy’s scalp measuring 9 cm × 5 cm. The edges of  the wound were sutured 
with Monosyn® 4/0 sutures. 2 drains were placed (Figure 1b and c). Despite 
regular dressings and monitoring with appropriate antibiotic therapy (the following 
pathogens were isolated in the swab; Enterobacter aerogenes, Pasteurella multocida, 
Citrobacter freundii – all resistant to penicillin, ampicillin, amoxicillin-clavulanic acid) 
the reimplanted part of  the scalp was not accepted (Figure 2a). On the eighth day, a 
necrectomy of  the devitalized tissue was performed (Figure 2b). The wound edges 
were refreshed, treated with Microdacyn®, and a V.A.C.® system (–125 mm Hg) was 
set up (Figure 2c and d). He worked continuously for 2 days before Integra® was 
set up. Integra® was fenestrated before placement. After setting Integra® 2 times 
we changed the V.A.C.® system (Figure 2e). With the acceptance of  Integra®, 
on the 14th day a silicone layer was removed and split-thickness skin graft (STSG) 

Figure 2 – a) Devitalized scalp tissue; b) refreshed wound edges after necrectomy; c) placement  
of  a sponge; d) activated V.A.C.® system (–125 mm Hg); e) Integra® Dermal Regeneration Template;  
f ) accepted Integra® and split-thickness skin graft (STSG).
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was transplanted from the left upper leg. On the STSG Bactrigas® was placed with 
the V.A.C.® system. By monitoring and replacing the V.A.C.® system, STSG was 
accepted (Figure 2f ). One month after the injury, the boy was released from the 
hospital. After 3 months the local status is satisfactory (Figure 3). We plan to hair 
transplantation in the future.

Discussion
Although in our case we continued to use the already started ceftriaxone therapy, 
amoxicillin-clavulanic acid and first-generation cephalosporins are used as the first-
line antibiotics. Complications from dog bites include wound infection, osteomyelitis, 
cellulitis, septic arthritis, meningitis, sepsis, endocarditis, pneumonia and death. Rates 
of  infection are estimated to range from 1% to 30%. In addition to thorough wound 
treatment, tetanus vaccination is also required. According to the guidelines of  the 
American Academy of  Pediatrics, all children under the age of  three must receive 
tetanus-diphtheria toxoids and tetanus immune globulin. For children older than 
three years tetanus-diphtheria toxoids is necessary if  five or more years have elapsed 

Figure 3 – Appearance of  boy’s forehead 
and scalp after 3 months.
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since the last dose. Tetanus immune globulin is not required in children older than 
three years. Depending on the status of  the dog, rabies prophylaxis is also important 
(Sabhaney and Goldman, 2012; Macedo et al., 2016).

As in our case, Bernardo et al. (2000) stated that most of  the bites occur exactly 
from their own (27%) or their neighbour’s dog (28%). As for the breed, Chen et 
al. (2013) report that most bites occur by mixed breed (23.0%), Labrador retriever 
(13.7%), Rottweiler (4.9%), and German shepherd (4.4%).

Due to the disproportion of  the head in relation to the body and their height, 
younger children are more prone to injuries to the head and face (Chen et al., 2013). 
Subsequent, inevitable scars have aesthetic and psychological consequences for the 
children, especially when they found in adolescence (Daniels et al., 2009). Therefore, 
treatment strategies should include early psychological support for children and their 
families (Schalamon et al., 2006).

Satteson et al. (2015) support the option that VAC (vacuum assisted closure) 
provides reliable, effective, and durable dressing when traditional surgery is not an 
option (e.g. primary closure, healing by secondary intention, local tissue transfer, 
grafts, and flaps). The VAC device works by applying continuous, subatmospheric 
pressure to a wound through an open-cell polyurethrane sponge secured with an 
adherent drape. The VAC has been shown to promote wound healing through 
increasing blood flow and granulation tissue formation, improving oxygenation, 
decreasing tissue edema, and reducing bacterial load. It has also been demonstrated 
as a tool for assisting with the preparation of  wound beds for subsequent skin 
grafting and for accelerating the incorporation of  Integra®. Satteson et al. (2015) also 
state, in accordance with our treatment, that standard management included VAC 
changes 3 times per week on open wounds, whereas the VAC was left in place for 
5–7 days over skin grafts and 7–14 days over Integra®.

Integra® is an artificial dermis manufactured as a synthetic bilaminate composed of  
a bovine collagen lattice covalently linked to chondroitin-6-sulfate and covered with 
a silastic epidermis. The outer layer is composed of  polydimethylsiloxane and serves 
as an epidermal substitute providing mechanical protection, infection prevention, 
and moisture modulation. The inner layer promotes cellular ingrowth of  fibroblasts, 
macrophages, and lymphocytes, allowing for the regeneration of  a neovascularized 
tridimensional structure, known as the neo-dermis. Consistent with the study by 
Watts et al. (2019), we also fenestrated the Integra® matrix because fenestration 
permits the egress of  fluids, reducing the risk of  seroma or hematoma formation. 
Like us, they believe it to be the recommended treatment option in the medically 
complex patient (Watts et al., 2019).

Konofaos et al. (2014) demonstrated the successful Integra® based scalp 
reconstruction of  a 600 cm2 defect in a two-year-old male following a dog bite injury 
where options for skin grafting, local flaps, and free tissue transfer were not available. 
Although we successfully removed the protective silicone layer after 2 weeks, 
Konofaos et al. (2014) did it after 3 weeks.
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Conclusion
The use of  Integra®, followed by an ultrathin skin graft, reduces the morbidity by 
eliminating the need for large regional or free tissue transfer creating a further defect 
at the donor site. In addition, the surgical procedure is much faster than with flaps, 
reducing the risk of  anesthesia and the treatment-related comorbidity. Like Konofaos 
et al. (2014), we also believe that this technique offers another viable option for the 
treatment of  complex scalp wounds in pediatric patients and deserves to be added 
to the list of  reconstructive surgical techniques used by the pediatric plastic surgeons.
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