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Role of inulin as prebiotics on inflammatory bowel disease 

Wasim Akram*, Navneet Garud, Ramakant Joshi

School of Studies in Pharmaceutical Sciences, Jiwaji University, Gwalior, India.

1. Introduction

Inflammatory bowel disease (IBD) refers to a variety 
of multifactorial dysfunctions that arise in the digestive 
system (1) and are recognised by intense inflammation 
of the gastrointestinal tract (2) due to abnormal immune 
responses (3). This gastrointestinal inflammation 
includes Crohn's disease (CD) and ulcerative colitis 
(UC). Recent findings revealed that IBD complication 
is originated from genetic, ecological and unusual 
immunological factors (4). The eating regimen, lifestyle 
and other vulnerable endogenous elements such as gut 
microflora are involved in the development of disease 
(2). The research studies proposed that the human bowel 
microbiota generates antigenic factors which trigger 
the persistent inflammation of the intestinal mucosa 

as observed in CD and UC (5-7). This information 
has directed to an emerging therapeutic tactic that 
pins the microbiota of patients having IBD using 
agents like prebiotics (inulin) which work primarily by 
stimulating the growth or increasing the numbers of 
certain bacteria and thus quantitatively transforming the 
microflora (8). When prebiotics reaches to the colon 
are fermented by anaerobic bacteria, yielding short-
chain fatty acids (SCFA). As a result, intraluminal pH 
decline (9). An increase of Bifidobacteria, Lactobacilli 
and non-pathogenic E. coli in colon are accountable for 
antimicrobial activity, immunomodulation, and induction 
of an immune response, and improvement of barrier 
activity that confers health benefits to the host (10-12).
	 The management of IBD consists of employing 
antibiotics, immunomodulators, and biological therapies 
(Table 1), even though they show toxicity have less 
therapeutic benefits for the treatment of UC (13). In 
addition, the present treatments are frequently directed 
against the highly intense adaptive immune response 
of the host but fail to precise probable environmental 

Summary The present review is focused on the prebiotic impact of inulin on the management of the 
gastrointestinal disorder. Prebiotics can be described as "non-digestible food ingredient 
stimulating the growth of a certain number of bacteria in the colon, which can improve the 
host health". In 2004 this definition was modernized to include other areas that may benefit 
from selective targeting of particular microorganisms: "selectively fermented ingredients 
that alter the configuration and activity in the gastrointestinal microbiota that confer positive 
effect". The positive impact of prebiotics in experimental colitis and human inflammatory 
bowel disease (IBD) has already been established. Prebiotics shows a positive effect in the 
prevention of IBD by modulating the trophic functions of the flora. Inulin enhances the 
growth of indigenous lactobacilli and/or bifidobacteria by inducing colonic production of short 
chain fatty acids (SCFA's) and these properties are related to decreased mucosal lesion scores 
and diminished mucosal inflammation. Inulin shows a positive approach to retain microbial 
populations and to support epithelial barrier function by their prebiotic effect which helps in 
the host defense against invasion and pathogens translocation (endogenous and/or exogenous) 
and in the inhibition of gastrointestinal diseases and this impact should be verified in further 
clinical studies. In the present review, we discussed the positive effect of prebiotics in rat IBD 
models and in human subjects along with their potential protective mechanisms. Preclinical 
and clinical data revealed that the gut mucosal barrier would be improved by the use of 
prebiotics in IBD.
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triggers like intestinal microbiota that provokes and 
perpetuate these ailments (Table 2). In addition, a 
microbial imbalance exists between disease-causing 
and defensive intestinal microflora in subjects with IBD 
(Table 3). 
	 The above drawback led to newer approaches for 
the treatment of IBD-like prebiotics, probiotics or a 
combination of the two (synbiotics). Using prebiotics as 
a therapeutic agent or adjuvant to conventional therapy 
could prove an efficacious tool for the treatment of a 
series of physiological disorders. The data obtained 
from limited preclinical and clinical findings have 
studied the impact of prebiotics on UC and CD (14-
16). The various research findings show that unrefined 
fibre-rich carbohydrates show a prominent effect on the 
management of CD (17).

2. Inulin a versatile biopolymer

2.1. Origin and identity

Rose, a German scientist discovered inulin in 1804 from 
the roots of Inulahelenium, a genus of perennial herbs 
of the group Compositae, inhabitants of the temperate 
regions of Europe, Asia, and Africa (27). Inulin was 
also referred by other names such ashelenin, alantin, 
meniantin, dahlin, sinantemin, and sinisterin. 
	 Inulin comes under a general class of fructose-

containing polymers known as fructans. Fructans 
assist as storage polymers in numerous members of the 
Compositae family such as Cichoriumintybus (chicory), 
Inulahelenium (elecampane), Taraxacumofficinalis 
(dandelion) and Helianthus tuberosus (Jerusalem 
artichoke). Inulin is extracted from chicory is a natural 
polydisperse carbohydrate (28). Inulin is a fructan which 
mainly comprises of 1, 2-[3-1inked d-fructofuranose 
units bound by an (od-132) type linkage to a terminal 
glucose moiety. By assessment, inulin primarily made up 
of linear fructose units tied by a β-(2-6) glycosidic bond 
(Figure 1) (31).

2.2. Versatile applications

Inulin a versatile biopolymer has a variety of 
applications in the Pharmaceutical arena, Food arena 

2

Table 1. Outline of the approaches used for IBD (18)

Therapeutic Agent

5-Aminosalicylate
Corticosteroids

Immunomodulators:
     - Azathiopurines
     - 6 Mercaptopurines
     - Cyclosporin A
     - TAcrolimus
     - Methotrexateen

Antibiotics:
     - Metronidazole
     - Ciprofloxacin

Biological Therapies:
     - Adalimunab
     - Certolizumabpegol
     - Inflixmab

Probiotics & Prebiotics:
     - EscherichiacoliNissle1917
     - Fructooligosaccharide
     - Glucomannanhydrolysate

Disease Conditions

Mild to moderate 
Mild to critical

Moderate to critical
steroid-dependent
and steroid-refractory
disease fistulising

Active

Modern tocritical
Fistulising

Remission maintenance

Method of Delivery 

Oral, topical
Oral, topical, Intravenous

Oral, topical, injection

Oral, intravenous

Intravenous, injection, 
infusion

Ingestion

Table 2. Research studies that recommend intestinal microflora involvement in pathological process of IBD

Subjects retained under precise germ-free conditions do not experienceinflammation unless microorganismis introduced (19,20)
In patients with CD, the number of adherent mucosal bacteria is increased (21)
Inflammation arises in intestinal regionswith the maximum number of bacteria (22)
Luminal and mucosa-linked microflora of IBD subjects varies from healthy subjects (23,25)
Alteration of the fecal stream triggers clinical progress in Crohn's patients (25)

Table 3. Microbial imbalance among disease-causing and 
defensive intestinal bacteria in subjects with IBD (26)

Defensive Bacteria

Bifidobacterium 
Lactobacillus 
Streptococcus salivarius
Saccharomyces boulardii
Clostridium butyricum
E. coli Nissle 1917
Ruminococci

 Disease-causing Bacteria

Selected Bacteroides 
Enterococcus faecalis
Enterobacter cloacae
Fusobacterium
Intestinal Helicobacter 
Entero-invasive E.coli
Eubacterium 
Peptostreptococcus 
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directed for selective stimulation (50). 
	 Prebiotics aid as a source of food for probiotics to 
raise, proliferate and increase in numbers on the bowel 
microflora. Through the fermentation by the anaerobic 
microflora, short-chain fatty acids (acetate, propionate, 
and butyrate) are formed as the end products which 
are responsible for colonic pH drop and prevent the 
development of pathogenic microflora (Figure 2). These 
positive effects are mainly based on the nature and 
amounts of the prebiotic used in an eating regimen, as 
well as the density of Bifidobacteria on the gut of the 
host (51,52). Moreover, these prebiotics shows a positive 
effect on the deterrence of IBD by modulating the trophic 
functions of the flora and providing other health benefits.

3. Involvement of intestinal flora in IBD

Improvement in the last few years has been done to 
acquire a better consideration but still, the precise 
pathological process of IBD is quite unknown. 
Current finding in the etiology of IBD proposed that 
the combination of genetical, immunological and 
ecological parameters is responsible for the occurrence 
of this disorder. The role of intestinal microflora in the 
pathogenesis of IBD is well known (53), primarily in 
Crohn's condition. This persistent bowel inflammation 
usually appears at terminal ileum and colon, the zone 
with the maximum intestinal microflora concentration. 
Antibiotics and faecal diversion are the remedies for CD 
although regenerating endurance of the bypassed distal 
colon or intestinal matters infusion into the omitted 
ileum may cause a return of disease (5). In numerous 
rat models of chronic intestinal inflammation, the 
consequence of bowel microflora in the commencement 
and perpetuation of chronic bowel infection is most 
credibly validated (54).
	 After 56 days of birth transgenic rats HLA-B27 
develop colitis in the presence of usual bowel 
microflora (55), while in non-transgenic rats, antibiotic-
cured transgenic rats, and microbe-free transgenic rats 
there is no evidence of the occurrence of disease (56,57). 
Aggravation of colitis can be associated with an 

and also have nutritional and health benefits. In the 
present review, diverse application of inulin has been 
summarized in Table 4, but the study mainly focused on 
the prebiotic impact of inulin on IBD. 
	 Prebiotics can be described as "non-digestible 
food ingredient stimulating the growth of a certain 
number of bacteria in the colon, which can improve the 
host health" (53). In 2004 the definition of prebiotic 
was modernized to involve other areas that may 
take advantages from selective targeting of specific 
microflora: "selectively fermented ingredients that alter 
the configuration and activity in the gastrointestinal 
microbiota that confer positive effect" (49). Indigenous 
Bifidobacteria and Lactobacilli microbial genera are 

Figure 1. The molecular structure of inulin.

Table 4. Key Applications of Inulin in a distinct area

Category

Pharmaceutical 
Applications

Food 
Applications

Nutritional and 
health benefits

Application/Uses

Stabilisation
- Anhydrobiosis
- Protein stabilization
Drug Delivery
- Solution behaviour alteration
    • Solution rate enhancement
- Local drug delivery
    • Colon targeting
    • Pulmonary delivery
Physiological and disease
modifying effect
- Systemic
    • Vaccine Adjuvant
    • Diagnosis of kidney
       functioning
- Gastrointestinal tract
    • Constipation
    • IBD & colon cancer

Fibre enrichment
As a prebiotic
As a fat replacer
As a sugar replacer

Function as dietary fiber
Effect on lipid metabolism
Effect on constipation and stool frequency
Bifidogenic effect
Reduction in risk of gastrointestinal diseases
Stimulation of the immune system
Intestinal acceptability

Ref.

(29)
(30)

(31)

(32)
(33)

(34)
(35)

(36)
(37)

(38)
(39)
(40)
(41)

(42)
(43)
(44)
(45)
(46)
(47)
(48)

Figure 2. Mechanism of prebiotic action.
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amplified concentration of luminal Bacteroides species 
(58). In the distal intestine Bacteroides spp. is the most 
dominant. After surgical resection postoperative relapse 
of CD is related to amplify Bacteroides species (59). 
Most importantly, after monoassociation for 4 weeks 
B. vulgate causes intestinal inflammation in transgenic 
rats, while monoassociation with E. coli does not show 
any disease condition (60). As a result, all bacteria are 
not equivalent in their capability to cause intestinal 
inflammation.

4. Prebiotics in inflammatory bowel diseases

Numerous studies have verified the role of prebiotics on 
gut flora (Figure 3) and also verified that the metabolic 
functionality of the intestinal flora can be increased by 
utilization of prebiotics. For example, there is abundant 
proof revealing in human research that absorption of 
calcium improves by inulin-type fructans. Similarly, 
animal experiments have confirmed that the hepatic 
metabolism of lipids enhances by fermentation of 
oligofructose and may elude dysfunctions linked with 
non-alcoholic steatohepatitis and metabolic syndrome. 
The bulking capacity of inulin-type fructans shows 
benefits for metabolic bowel functions and can also 
help in the inhibition and treatment of constipation. The 
improvement in the gut barrier has also been shown by 
prebiotics treatment. Prebiotics are considered to be safe, 
non-toxic and shows a positive effect in the inhibition 
and management of gastrointestinal disease on the basis 
of large number studies on clinical trials (61-70). 

4.1. Inulin effect in animal models

The prebiotics impacts on bowel inflammation already 
been studied in various animal models. Mice lacking 
IL-10 gene impulsively develop colitis. There is a 
low level of Lactobacillus species in the colon in the 
neonatal period of these mice and also have an elevation 
in adherent and translocated bacteria (71). The count of 
lactobacilli in faeces was shown to normalize by rectal 
delivery of Lactobacillus reuteri and this prevents the 
expansion of colitis. In the same animal model, mucosal 

lesion scores and inflammatory activity is reduced by 
oral administration of either Lactobacillus salivarius or 
Bifidobacterium infantis (72). A genetically engineered 
bacterium in IL-10 knockout mouse model produces 
the anti-inflammatory cytokine IL-10 that prevent the 
onset of colitis (73). Though, the colitis provokes with 
the help of trinitrobenzene sulphonic acid in the rat 
did not diminish probiotic therapy with Lactobacillus 
plantarum (74). The experimental findings with 
probiotics have revealed that the impulsively grow 
inflammatory mucosal lesions in mice knockout of the 
IL-10 gene is prevented by increasing the amounts of 
lactobacilli or bifidobacteria in the colonic lumen. 
	 The inulin prebiotic impact was studied in dextran 
sodium sulfate (DSS) evoked distal colitis in a rat 
model, which histologically bears a resemblance to 
human UC (75). By daily administration of inulin 
through oral route the indigenous lactobacilli counts 
are amplified in the lumen of the caecum and also 
decrease the pH of colonic. Inulin nourishing prolonged 
the saccharolytic section (only right colon) that brings 
about an acidic atmosphere in the left colon. In the 
rats with DSS evoked colitis themucosal inflammation 
and histological damage scores are reduced by orally 
administered inulin (Figure 4) (75). Moreover, the rats 
fed with inulin exhibited a lower degree of mucosal 
damage and reduced harshness of crypt damage, 
as compared to controls. Management with orally 
administered inulin had been equally showing positive 
effect whether treatment offered ahead of or during 
exposure of DSS. 
	 For the management of chronic colitis making use 
of prebiotics are promising and also have been executed 
frequently in animal models (Table 5). Nourishing inulin 
and oligofructose combination at 5 g/kg body weight 
diminishes intestinal inflammation in transgenic rats 
(76). The model HLA-B27 transgenic rat is used to 
judge prebiotic action working mechanisms in chronic 
colitis in this research study. This positive outcome 
was seen with a rise of intestinal bifidobacteria and 

Figure 4. Histological scores in rats with colitis provoked 
by dextran sodium sulfate (DSS). Insulin-treated rats (400 
mg/d) indicated lower lesion scores than controls (*p < 0.05 
vs. control). Inulin treatment in progress either 9 days before 
exposure to DSS (day ‒ 9 to + 5) or at the same time as the 
exposure to DSS (day 0 to + 5) and was continued for the 5 
days on DSS (75)

Figure 3. Role of prebiotics on gut flora.
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lactobacilli. Similarly, colitis-prone rats nourish by 
prebiotic combination (inulin and oligofructose) 
decreases mucosal proinflammatory cytokines and 
also immunoregulatory altering growth factor-β is 
amplified. The research studies reported a positive 
effect in transgenic rats with inulin plus probiotics (77). 
Diminished clinical indications and amplified MUC-
3 manifestation were perceived compared with control 
rats in dextran sodium sulphate evoked colitis rats 
which were nourished with goat's milk oligosaccharides 
(78). In trinitrobenzene sulfonates provoke colitis rats, 
the colonic inflammation and necrotic lesions are also 
reduced by goat's milk oligosaccharides as compared 
with control rats (79). Though, it is not necessary that all 
findings using prebiotics shows a positive effect. Moreau 
et al. (80) reported oligofructose to be worthless in fixing 
dextran sodium sulfate evoked intestinal inflammation in 
rats, and Holma et al. (81) found same inefficaciousness 
of galacto-oligosaccharides in trinitrobenzene sulfonate 
induced-intestinal inflammation in rats.

4.2. Inulin effect in human subjects

Though there exists a scarcity of human studies utilizing 
prebiotics, a number of the emerging finding indicate 
that there is a prospect of this therapy modality. After 
colectomy for ulcerative colitis inulin shows a positive 
effect in the management of chronic pouchitis (82) 
Furrie et al. observe the usage of synbiotics (prebiotics 
plus probiotics) in 18 subjects with functional UC 
with the help of anew randomized, double-blinded 
controlled trial (83). This treatment involved grouping 
of prebiotics inulin and oligofructose. In the synbiotic 
nourished group, sigmoidoscopy inflammation scores 
were diminished as matched with the placebo group. The 
levels of intestinal TNF and IL-1a were also diminished. 
Moreover, the rectal culture revealed more epithelial 
regeneration and reduced inflammation in the synbiotic-
treated subjects. A tiny, open-labeled trial of 10 active 
CD subjects, 21 days of 15 g oligofructose and inulin 

oral administration shows a substantial lowering of the 
illness condition (84) (Table 6).

4.3. Inulin beneficial effects in other medical conditions

Inulin also shows a positive impact in the number of 
gastrointestinal complication, like management of 
infectious colitis, toddler diarrhoea, improvement of lipid 
metabolism minimised the risk of chemically induced 
colon cancer, improved absorption of calcium, relief of 
constipation, and management of diet intolerance (85-92).

5. Conclusion

Inulin is a promising nutraceutical in numerous medical 
conditions, including IBD. It is convenient to intake, 
economical, and has no major toxic impacts and 
may develop into an interesting adjunct to standard 
salutary in IBD. The dietetic use of inulin proposes a 
potential tactic to maintain health and wellbeing and to 
manage the progression of disorders. In human IBD, an 
inflated immune influence against commensal bacteria 
has been validated. Bacteria locally affect cytokine 
signalling, mucosal intrinsic responses and mucosal 
inflammation can also be down-regulated by certain 
bacteria. Saccharolysis by inulin in the large intestine 
support the growth of bifidobacteria and lactobacilli. 
Due to these impacts, there is a reduction in mucosal 
inflammation of IBD as illustrated in experimental 
models. Bacteria producing lactic acid can prevent 
endogenous microorganism from reproducing and 
obstruct adhesion and incursion of microorganism from 
outside the body. In this way, the prebiotic impact of 
inulin shows a positive effect on the barrier function 
of the bowel. In this manner, the prebiotic approach 
is a beneficial adjunct for susceptible subjects such as 
patients with severe disease and subject with persistent 
gastrointestinal disorders, such as colonic cancer 
and gut inflammation. In preliminary clinical trials, 
promising results have been achieved, but more studies 

Table 5. Prebiotic treatment on a colitis induced animal model

Ref.

Videla et al. (76)
Holma et al. (82)
Moreau et al. (81)
Hoentjen et al. (77)
Daddaoua et al. (80)
Lara-Villoslada et al. (79)

          Treatment

Dietary inulin
Galacto-oligosaccharides
Oligofructose
Oligofructose-enriched inulin
Goat milk oligosaccharides
Goat milk oligosaccharides

          Animal Model

DSS-induced colitis in rats
TNBS-induced colitis in rats
DSS-induced colitis in rats
HLA-B27 transgenic rat
Hapten-induced colitis 
DSS-induced colitis in rats

           Result

Improvement distal colitis
No reduction of colitis
No reduction of colitis
Reduction of colitis
Colitis reduction
Colitis reduction

Table 6. Clinical trials of prebiotic treatment in IBD

Ref.

Welters et al. (83)

Lindsay et al. (85)

Study

Double-blind 
placebo-controlled trial

Open-labeled trial

n

20

10

Clinical Condition

Chronic pouchitis

Active CD

Treatment

Dietary inulin
24 g/d

Synergy 15 g/d

Duration of Treatment

6 week

3 week

Result

Effective in the treatment of
chronic pouchitis

Reduction of disease activity
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are required to ensure the therapeutic use of inulin for 
the effective management of IBD.
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1. Introduction

The basic organ responsible for the biosynthesis, 
levels, and degradation of circulating biochemical 
compounds (proteins, enzymes, and hormones) is the 
liver. Consequently, the liver should be targeted in 
order to alter and alleviate the risk of different chronic 
illnesses (1,2). Liver injury continues to be among the 
most common of internal diseases in clinical settings. 
Hepatoprotectors occur a key place in the treatment of 
diseases, as well as in the treatment of virtually all other 

liver diseases. Hepatoprotectors are complex drugs of 
mainly plant origin intended to increase the resistance 
of the liver to toxic effects; they help to restore its 
functions and normalize or enhance the activity of liver 
cell enzymes. 
	 In traditional medicine, natural plant-based 
antioxidants have frequently been used to treat or prevent 
liver disease. Many studies have indicated that the use 
of plant antioxidants may provide hepatoprotection by 
restoring the prooxidant-antioxidant balance (2), which 
is completely altered by the induction of oxidative stress. 
Curcuma longa L. (CLL, turmeric, a yellow powder) 
is a rhizomatous perennial herb that belongs to the 
Zingiberaceae family; native to India and China, it is 
also cultivated in places with a tropical climate (3). This 
plant is traditionally used in India for food and medical 
purposes in Ayurveda Medicine. CLL has various 

Summary Curcuma longa L. (CLL) extract has previously been reported to alleviate liver damage. 
The current study examined the antioxidant activity of CLL by which the extract protects 
the liver against bleomycin (BLM)-induced hepatotoxicity in mice. The hypothesis was 
that CLL extract would protect the liver by reducing oxidative stress (induced superoxide 
dismutase (SOD) and catalase (CAT) activity), inhibiting lipid peroxidation, lowering 
biochemical parameters, and decreasing ROS production. Hepatic toxicity was induced 
by intraperitoneal injection of mice once daily with BLM (0.069 U/mL; 0.29 U/kg bw.) for 
a period of 4 weeks. The CLL was administered once a day for 4 weeks, 2 h prior at dose 
(40 mg/mL; 0.187 mg/kg/day). CLL extract significantly protected the liver, it decreased 
plasma bilirubin (BL) and gamma glutamyl transpeptidase (GGT), and it reduced lipid 
peroxidation levels. BLM intoxication produced oxidative stress, in which the antioxidant 
system functioned incorrectly and ROS production significantly increased. The CLL extract 
provided significant hepatic protection against BLM toxicity by improving SOD, CAT (p < 
0.05), and MDA levels and decreasing ROS in the group receiving BLM (p < 0.05), leading 
to reduced membrane lipid peroxidation. Throughout this study, the CLL extract facilitated 
recovery from BLM-induced hepatic injury by suppressing oxidative stress. Therefore, 
the CLL extract has the potential to serve as an antioxidant compound to treat chronic 
hepatotoxicity.
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chemical, biological and pharmacological properties, 
including antioxidant and anti-inflammatory activities 
(4,5). Moreover, the anticarcinogenic activity of CLL 
has been reported in various chemical-induced tumors, 
including digestive organs (5,6), skin cancers (7), 
and cell lines (8-10). Although the exact mechanism 
by which CLL exhibits these effects has yet to be 
determined, the antioxidant properties of this plant 
seem to underlie its pleiotropic biological activities (11). 
Most of the biomedical and medical studies of CLL 
(approximately 80% of the original sources) are devoted 
to research on curcuminoids, which are considered 
to be the active principle in rhizomes. These water-
insoluble diphenols of yellow-orange color, called 
curcumin, were isolated in their pure form as early as 
1815. Subsequently, curcumin was found to be non-
homogenous, and therefore this group of compounds 
with a similar structure and biological properties began 
to be called curcuminoids. Curcumin itself (curcumin I) 
accounts for about 70%, dimethoxycurcumin (curcumin 
II) accounts for 17%, bis-dimethoxycurcumin (curcumin 
III) accounts for 3%, and recently added cyclocurcumin 
(curcumin IV) accounts for about 10% (12). 
	 In preparation for the current study, numerous 
experimental data verified that the main components 
of curcumin have the ability to modulate a number of 
cells and body signaling pathways, either directly or 
indirectly. Experiments involving animal models have 
established that the polyphenolic components of curcuma 
are highly active and can be used to treat many human 
diseases. Due to its activity as a free-radical scavenger, 
CLL treatment reduces liver pathology and remodulates 
immune responses in murine models of acute infection 
(8). 
	 Antioxidants act as a radical scavenger, hydrogen/
electron donor, peroxide decomposer, singlet oxygen 
quencher, enzyme inhibitor, synergist, and metal-
chelating agent. There are two main mechanisms of 
antioxidants' action. The first is the chain-breaking 
mechanism, by which the primary antioxidant donates 
an electron to the free radical present in the system. The 
second involves elimination of reactive oxygen species 
(ROS)/reactive nitrogen species (RNS) by quenching 
the catalyst that initiates the chain. Antioxidants 
can influence biological systems through various 
mechanisms, including electron donation, chelation 
of metal ions, co-antioxidants, or regulation of gene 
expression. ROS overproduction beyond the capacity 
of antioxidants may result in oxidative stress, possibly 
causing severe metabolic malfunction (13). Cellular 
defense mechanisms have evolved to protect cells from 
ROS, and these include repair systems and detoxifying 
enzymes such as superoxide dismutases (SOD), catalase 
(CAT), and glutathione peroxidase (GPX). Moreover, 
ROS are involved in both initiation and promotion of 
multistage carcinogenesis, and tumor cells are more 
susceptible to oxidative stress than the surrounding 

normal cells. 
	 Therefore, the aim of the current study was to 
investigate whether pretreatment with CLL extract 
against bleomycin-induced chronic hepatotoxicity in 
IRC mice would decrease liver oxidative stress. To 
achieve the ultimate goal of this research, this study 
examined the levels of lipid peroxidation and activity of 
antioxidant defense enzymes SOD and CAT in plasma 
samples and liver homogenates of mice treated with 
the antitumor drug bleomycin. Moreover, the obtained 
results were compared with reported levels of ROS 
products.

2. Materials and Methods

2.1. Preparation of a CLL extract

CLL rhizomes obtained from ABC Company, New 
Delhi, India were cleaned, dried, ground, and weighed. 
After homogenization (100% ethanol, ratio 1:10 plant 
to ethanol, 2 days/ 27-28.5°C) the mixture was filtered, 
concentrated (reduced pressure at 45-47°C, 3 days), and 
lyophilized (Iishin Lab Co., Ltd., USA) to a crude, dark 
yellow extract. The extract was stored in an airtight glass 
bottle and kept at 28°C. The extract was then dissolved 
in d. H2O before being orally administered to animals 
in concentrations of 40 mg/kg body weight (0.7 mL/kg 
body weight).

2.2. Antioxidant activity of the CLL extract in vitro

The antioxidant activity (electron donation potential 
assay, EDP) of the CLL extract was assayed according 
to the Oyaizu (1986) method (14),  with slight 
modifications. A range of concentrations (1-500 μg/
mL) was first tested to determine the concentration at 
which oil exhibited maximal donation potential. The 
reaction mixture was left for 10 minutes at 25ºC, and 
the absorbance was measured at 700 nm. Quercetin was 
used as a positive control. An increased absorbance of 
the reaction mixture indicates increased reducing power: 
% Inhibition = [(ODcontrol – ODtest) /ODcontrol] ×100.

2.3. Instruments

Biochemical analyses were performed with a UV-
VIS spectrophotometer-400 (TERMO Sci., RS232C, 
Stratagene, USA). Electron paramagnetic resonance 
(EPR) was measured with the X-Band Emxmicro 
Spectrometer (Bruker, Germany). EPR settings were: 
a center field of 3,505 g, microwave power of 6.42 
mw, a modulated amplitude of 5 g, and 1-5 scans. All 
experiments were performed in triplicate.

2.4. Experimental design and diet

Twenty-six IRC male mice weighing approximately (46 

10
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2.7.1. Plasmatic and hepatocellular lipid peroxidation

The thiobarbituric acid (TBA) method, which measures 
MDA-reactive products, was used (15). In brief, 1 mL 
of plasma, 1 mL of physiological solution, and 1 mL of 
25% trichloroacetic acid were mixed and centrifuged 
at 7,000 rpm for 20 min. Two mL of protein-free 
supernatant was mixed with 0.5 mL of 1% TBA and 
heated at 95°C for 1 h. After cooling, the intensity of 
pink color in the final fraction was determined at 532 
nm. The MDA concentration was calculated according 
to the following formula: 1 μmol = l MDA = (OD532 × 
1.75)/0.156, where OD532 is the optic density in λ = 532 
nm and extinction = 1.56 × 105 M‒1cm‒1.

2.7.2. Determination of superoxide dismutase activity

Erythrocyte lysates were assayed for CuZn-SOD 
activity as described by Sun et al. (16) with minor 
modifications. Briefly, the xanthine⁄xanthine oxidase 
system was used to generate the superoxide anion 
(O2ˉ). This anion reduced nitroblue tetrazolium (NBT) 
to formazan, which was monitored at 560 nm. SOD in 
the sample removes the O2ˉ and inhibits the reduction. 
The level of this reduction is used as a measure of SOD 
activity. One unit of enzymatic activity is defined as 
the amount of enzyme causing 50% inhibition of the 
reduction of NBT to formazan. Results are expressed as 
the units per gram of hemoglobin (U⁄ gHb).

2.7.3. Determination of CAT activity 

CAT activity was estimated in erythrocyte lysate using 
the method of Beers and Sizer (17). Hydrogen peroxide 
(30 mM) was used as a substrate, and a decrease in its 
concentration at 22°C in phosphate buffer (50 mM, 
pH = 7.0) was followed at 240 nm for 1 min. One unit 
of CAT activity was determined to be the quantity 
of enzyme that removes 1 μmol H2O2 for 1 min. The 
results are expressed as U/gHb (units per gram of 
hemoglobin). The hemoglobin concentration of the 
lysate was determined by the cyanmethemoglobin 
method of Mahoney et al. (17).

2.7.4. Plasma and hepatocellular ex vivo evaluation of 
ROS production

One hundred mg of liver tissue homogenate and 100 
μL of plasma were homogenized with 900 μL of 
50 mM spin-trap N-tert-butyl-alpha-phenylnitrone 
(PBN) dissolved in dimethyl sulfoxide (DMSO) using 
sonication at one cycle for 2 min. After 5 min on ice, 
the suspension was centrifuged at 4,000 rpm for 10 
min at 4ºС. Supernatants were transferred to cold 
Eppendorf tubes and immediately analyzed. The real-
time formation of ROS products in the supernatant was 
estimated using the methods described previously (19) 

± 1.2 g) were divided into four experimental groups (n 
= 6 of each) and given tap water and a standard pellet 
diet (12:12 h light-dark cycle at 40-60% humidity) at 
the Suppliers of Laboratory Animals for the Faculty of 
Medicine, Trakia University for a period of 4 weeks. 
	 This study complied with Directive 2010/63/EU 
and it was approved by the Ethical Committee for 
Animals of BABH and Trakia University, Stara Zagora, 
Bulgaria (131/6000-0333/09.12.2016). The first group 
served as controls (CG). In the second group, mice 
received bleomycin (BLM) at a dose of 0.069 U/mL; 
0.29 U/kg body weight in saline (250 μL) injected once 
intraperitoneally (i.p.) on a schedule from day 1 to day 
28 of the experiment. In the third group, the mice were 
fed CLL extract at a concentration of 40 mg/mL; 0.187 
mg/kg bw (orally) via a feeding cannula for 28 days 
before meals. In the fourth group, the mice received 
both CLL extract (0.187 mg/kg bw for 20 days, orally) 
and BLM (0.29 U/kg body weight in saline for 28 days, 
i.p.). The CLL extract was given orally daily 2 h prior 
to BLM on a schedule until the end of the experiment. 
In addition, the toxicological symptoms, physiological 
status, and behavior (after 24 h) of IRC mice were 
monitored daily. 

2.5. Blood and liver samples 

Twenty-nine days after the start of the experiment, the 
mice were anesthetized with nembutal (50 mg/kg, i.p.) 
and sacrificed. Fresh blood (1.3-2 cm3) was collected 
directly from the heart in cold EDTA containers (5 
cm3 Monovette, Germany). After centrifugation of 
blood samples (4,000 rpm at 4°C for 10 min), 200 
µL of plasma from each group was stored at ‒ 40°C 
until further assay. The freshly collected liver (un-
extravasation with cold 0.9% saline) of all six animals 
in each group was stored on ice. After homogenization 
and addition of solvents, samples were centrifuged 
at 4,000 rpm at 4°C for 10 min, and 300 µL of the 
supernatant was stored at ‒ 4°C until further assay.

2.6. Determination of serum bilirubin and gamma 
glutamyl transpeptidase levels

One ml of blood from each group was collected in 
Na3C6H5O7 tubes for assessment of specific liver 
biochemical markers. Blood in the cold tubes (gel-
activated) was allowed to clot, and the blood was 
centrifuged at 4,000 rpm for 10 min/4°C. Serum 
samples were collected to measure the liver markers 
total bilirubin (TB) and gamma glutamyl transpeptidase 
(GGT). The markers were assayed at the Central 
Diagnostic Laboratory of Stara Zagora, Bulgaria and 
estimated using a commercially available diagnostic kit 
(AMRT- 2047- KJ, 2017).

2.7. Evaluation of oxidative stress markers
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with some modifications (20). 

2.8. Statistical analysis 

EPR spectral processing was performed using the 
software Bruker Win-EPR and Sim-fonia. Statistical 
analysis was performed with Statistica 8.0, StatSoft, 
Inc. One-way ANOVA and the Student t-test were used 
to determine significant differences among groups. The 
results are expressed as the mean ± standard error (SE). 
A value of p < 0.05 was considered significant. 

3. Results

In the current study, the CLL extract was examined 
as a promising protector from liver injury, and its 
antioxidant activity was evaluated in vitro (Figure 1) 
along with other biochemical values. The maximal 
electron donation potential of CLL (40 µg/mL) towards 
Fe3+ complex was observed at maximal concentration 
(500 µg/mL, 0.0977 ± 0.016 vs. 0.0485 ± 0.022, p < 
0.05, t-test), which is higher than quercetin, which was 
the standard. However, this suggested that CLL and its 
constituents had sufficient antioxidant activity/defense 
to overcome hepatic oxidative disorders caused by 
BLM in vivo. 
	 To examine the role of CLL in hepatic toxicity, 
the extract was administered to animals with BLM-
induced chronic toxicity. The hepatoprotective effects 
of the CLL extract on the development of liver toxicity, 
induced by prolonged (4 weeks) exposure to BLM 
intoxication, were determined in this study. 
	 Serum BL (39.05 ± 0.91 µmol/L vs. 13.57 ± 1.06 
µmol/L; p < 0.05, t-test) and CG (50.34 ± 2.23 µmol/
L vs. 19.417 ± 1.06 µmol/L; p < 0.05, t-test) levels 
increased significantly in the BLM group compared to 
those in the CG (Figure 2). Serum BL and GGT levels 

increased by BLM decreased significantly after 2 h of 
oral pretreatment with the CLL extract (BL: 18.08 ± 0.99 
µmol/L; p < 0.05 and GGT: 15.55 ± 0.089 µmol/L; p < 
0.05, t-test) as an antioxidant. 
	 An examinat ion  of  p lasmat ic  and  hepat ic 
homogenate lipid peroxidation (MDA) is shown in 
Figure 3. In generally, mice with BLM intoxication 
had significantly higher levels of oxidative stress 
biomarkers than the CG, in both plasma (26.75 ± 1.56 
μmol/ngPr vs. 11.588 ± 0.516 μmol/ngPr; p < 0.05, 
t-test) and liver homogenate (49.934 ± 2.11 μmol/
ngPr vs. 21.417 ± 0.99 μmol/ngPr; p < 0.05, t-test). 
Notably, the CLL extract group and CLL + BLM group 
had significantly lower levels of hepatic and plasmatic 
MDA compared to levels in the BLM group (p < 0.05). 
	 Figure 4 shows that the erythrocyte SOD activity 
in BLM mice was significantly lower than that in the 
healthy controls (1,232 ± 124 U/gHb vs. 2,489 ± 345 U/
gHb, p < 0.01, t-test). The same decrease was observer 
in liver samples from mice treated with BLM (1,627 
± 151 U/gHb vs. 2,813 ± 415 U/gHb, p < 0.01, t-test). 
The levels of erythrocyte SOD activity were close to 
those in the controls in the group treated with CCL 
(2,712 ± 307 U/gHb vs. 2,813 ± 415 U/gHb, p < 0.07, 

Figure 1. Antioxidant activity of CLL extract in the 
concentration range of 0.5-500 μg/mL compared to 
quercetin as the positive standard. Experiments were 
performed in triplicate. Values are expressed as the mean ± SE. 
*p < 0.05 vs. standard.

Figure 2. Effect of CLL extract on serum BL (a) and GGT 
(b) level in BLM-intoxicated IRC mice. Experiments were 
performed in triplicate. Values are expressed as the mean ± SE. 
*p < 0.05 vs. CG group; **p < 0.05 vs. BLM group.

Figure 3. The levels of MDA measured in plasma (a) and 
MDA in liver cells (b). *p < 0.05  vs. CG; **p < 0.05 vs. BLM 
group.
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t-test) or with a combination of CLL + BLM (2,253 ± 
4,271 U/gHb vs. 2,813 ± 415 U/gHb, p < 0.05, t-test). 
Liver SOD activity in the group treated with CCL alone 
was higher than that in controls, but not significantly 
so (3,071 ± 397 U/gHb vs. 2,813 ± 415 U/gHb), and 
activity in the group treated with a combination of CLL 
+ BLM was close to that in controls (2,698 ± 229 U/
gHb vs. 2,813 ± 415 U/gHb, t-test). 
	 Figure 5 shows that the CAT activity in both 
erythrocyte samples from mice treated with BLM was 
significantly higher than that in controls (mean: 38,274 
± 245 U/gHb vs. 13,717 ± 289 U/gHb, p < 0.01, t-test). 
The examined plasma indicated that activity in mice 
treated with CCL alone (mean: 14,121 ± 374 U/gHb vs. 
13,717 ± 289 U/gHb, t-test) or a combination of BLM 
and CCL (20,112 ± 378U/gHb vs. 13,717 ± 289 U/gHb, 
t-test) was close to that in controls and significantly 
lower than that in the group treated with BLM alone (p 
< 0.01). 
	 The same increase was seen in liver homogenate 
samples treated with BLM (39,716 ± 377 U/gHb vs. 
14,721 ± 451 U/gHb, p < 0.01, t-test). Moreover, CAT 
activity in liver homogenate samples was close to that 
in controls after treatment with CCL (15,021 ± 376 U/
gHb vs. 14,721 ± 451 U/gHb, t-test) or a combination 

of CCL+ BLM (19,072 ± 395 U/gHb vs. 14,721 ± 451 
U/gHb, t-test). 
	 Figure 6 shows the ROS products in plasma and 
liver homogenate measured in arbitrary units. The 
ROS products in mice treated with BLM increased 
significantly compared to levels in controls (7.68 ± 0.89 
vs. 3.59 ± 0.25, p < 0.01, t-test). However, the level of 
ROS products was roughly close to that in controls in 
the group treated with CCL (4.01 ± 0.14 vs. 3.59 ± 0.25, 
t-test), or with a combination of CCL + BLM (4.52 ± 
0.14 vs. 3.59 ± 0.25, t-test). A significant decrease was 
observed in both groups compared to the group treated 
with BLM alone (CCL: 4.01 ± 0.14 vs. 7.68 ± 0.89, p 
< 0.01, t-test; and CCL + BLM: 4.52 ± 0.14 vs. 7.68 ± 
0.89, p < 0.01, t-test). 
	 A significant difference was observed in the liver 
homogenate (Figure 5) obtained from the group 
treated with BLM alone compared to controls (8.62 
± 0.71 vs. 4.11 ± 0.53, p < 0.01, t-test). Moreover, 
insignificant differences were observed in the group 
treated with CCL (3.99 ± 0.22 vs. 4.11 ± 0.53, t-test) or 
a combination of CCL + BLM (4.34 ± 0.27 vs. 4.11 ± 
0.53, t-test) vs. controls.

4. Discussion

Antitumor drugs (like bleomycin, which has cytotoxic 
activity resulting in the generation of toxic ROS 
products and oxidative organ changes) cause significant 
adverse reactions and, as a result, lead to irreversible 
oxidative disorders of liver function (10,19-21). As 
a consequence, this study focused on finding new 
therapeutic alternatives (natural combinations or plant 
antioxidants) to reduce, remodel, or protect from 
hepatic injury (2,10,22). Experimentally, BLM (dose of 
0.069 U/mL; 0.29 U/kg bw. in saline) has been used to 
induce chronic toxicity in IRC mice to produce various 
grades of oxidative hepatocellular damage and damage 
to other tissues (23,24). 
	 Results revealed that the plasma levels of TB include 

Figure 4. SOD activity in plasma and liver homogenate. *p 
< 0.05 vs. CG group; **p < 0.05 vs. BLM group.

Figure 5. CAT activity in plasma and liver homogenate. *p 
< 0.05 vs. CG group; **p < 0.05 vs. BLM group.

Figure 6. Formation of ROS products in plasma (a) and 
liver homogenate (b) samples expressed in Arb units. 
Experiments were repeated three times; *p < 0.05 vs. CG 
group; **p < 0.05 vs. BLM group.
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free and conjugated bilirubin. In the context of induced 
hepatotoxicity, TB in the blood increased, and this was 
due to decreased bilirubin intake in liver cells, impaired 
protein conjugation, or biliary duct obstruction (2,25). 
GGT is also used as a marker in preneoplastic lesions 
in the liver during chemical induction, carcinogenesis, 
and as a key enzyme in glutathione (GSH) and cysteine 
metabolism (26). 
	 Based on these facts, serum levels of BL and GGT 
can be used as a biochemical marker for early stages 
of chronic hepatotoxicity. In line with the current 
results, Sengupta et al. (2) reported that administration 
of the CLL extract to mice administered CCl4 restored 
the serum level of BL, and they attributed this to the 
hepatoprotective effect of the CLL extract and its 
compounds. A serum reduction in GGT is probably 
due to the antioxidant activity of CLL in the early 
inflammatory response via regulation of GSH and 
cysteine levels (27) after BLM-induced liver injury. 
BLM intoxication has been reported to stimulate 
additional oxidative stress mechanisms and the 
exhaustion of the endogenous antioxidant system, 
exacerbating organ/tissue damage (28). 
	 The CLL extract significantly (p < 0.05) improved 
the deficiency in endogenous antioxidant levels due 
to BLM, and it induced the survival of hepatocytes. 
These findings simultaneously support the assertion 
that treatment with 40 mg/mL of CLL provided 
protection against the effects of BLM-induced stress 
on SOD and CAT by enhancing intrahepatic activity. 
In addition, administration of CLL optimized the level 
of hepatocellular antioxidant enzymes by scavenging/
clearing free-radical formations (10) caused by BLM 
intoxication. Progressive CLL antioxidant action can 
be attributed to the antioxidant characteristics of the 
chemical constituents in the extract (29). 
	 Oxidative stress is as an imbalance between 
production and purification of ROS products (30). 
ROS production and oxidative damage caused by 
BLM contribute to liver injury, and those phenomena 
cause increased damage to cellular macromolecules 
(especially l ipids) and they induce membrane 
malformation and hepatic cell changes (31-34). The 
effects of the CLL extract on BLM-induced oxidative 
toxicity in the liver and blood are shown in Figure 
5. In these experiments, EPR indicated an increased 
ROS concentration in liver (p < 0.05) and blood (p 
< 0.05) samples. Chronic BLM exposure resulted in 
ROS production and lower levels of lipid peroxidation 
in the liver and blood of mice treated with the CLL 
extract alone. Greater effects were observed in mice 
treated with CLL + BLM (p < 0.05). However, 
oral administration of the CLL extract completely 
ameliorated BLM-induced toxicity by attenuating 
ROS accumulation (p < 0.05). Several studies have 
suggested that the plant extract has a protective effect 
against disturbances in hepatic function due to direct 

antioxidant and free-radical scavenging mechanisms 
and regulation of ROS production (10,33,35). 
Moreover, Lee et al. reported that the CLL extract 
regulates ROS levels by countering chronic stress and 
by controlling enhanced ROS signaling and subsequent 
ER stress in hepatotoxicity (36).
	 The surge in interest in curcuminoids over the last 
decade is not accidental: these diphenols contained 
in the rhizomes of the plant Curcuma Longa, due to 
the pronounced pleiotropic nature of their biological 
effects, have long been considered to be promising 
compounds that can serve as "multi-purpose" adjuvant 
drugs (37). According to its chemical structure, the 
main component in the curcuminoid preparation, 
curcumin, is a bis-α, β-unsaturated β-diketone resulting 
from the conjugation of two molecules of ferulic acid, 
connected via a methylene bridge. In solution, the 
molecules of curcuminoids are in the keto-enol form 
stabilized by hydrogen bonds (38). The direction of the 
equilibrium shift in keto-enol tautomerism depends on 
the polarity of the solvent and the pH of the solution. In 
non-polar solvents, curcumin is predominantly present 
in the enol form, which is maintained through the 
formation of an intramolecular hydrogen bond, and in 
polar solvents curcumin takes the diketo form. At low 
and neutral pH levels, the keto-enol equilibrium shifts 
towards the keto form, and curcumin acts as a proton 
donor. At pH levels above 8, the enol form prevails in 
the solution, and it also acts as a proton donor (39,40). 
As enolates, the molecules of curcuminoids exhibit 
pronounced antiradical properties. In the enol form, 
curcumin molecules can act both as a donor and an 
acceptor in the formation of hydrogen bonds, and keto-
enol tautomerism determines whether curcumin exhibits 
the properties of a Michael acceptor in nucleophilic 
addition reactions. The presence of two hydrophobic 
phenoxyl sites, the conjugated keto and alcohol groups, 
and the presence of hydroxy and methoxy groups 
determine whether curcuminoids interact via Van der 
Waals bonds with aromatic amino acid residues and 
whether they form covalent bonds with sulfhydryl 
groups of cysteine residues that are part of the protein 
molecules (41). 
	 CLL is reported to affect hepatic enzymes by 
suppressing transcription factor NF-kB (9). Sengupta 
et al. suggested that CLL would be an effective 
immunotherapeutic natural agent preventing disease 
and the ability to ameliorate hepatotoxicity in mice 
with carbon tetra chloride intoxication (2). Salama et al. 
found that the CLL extract has hepatoprotective action 
in terms of CLL's properties, functions, and structure 
against toxins and that CLL has pharmacologic 
potential in the treatment of liver cirrhosis (10).

5. Conclusion

The current study contends that CLL extract is an 
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antioxidant that is effective in preventing chronic 
BLM intoxication in the liver and blood, and this study 
provides new findings into the pharmacologic potential 
of the CLL extract as protection from hepatocellular 
disease. 
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1. Introduction

Leucine aminopeptidases (LAPs) are zinc-containing 
metalloproteinases and members of the aminopeptidase 
M1/M17 family (1). These enzymes can catalyze the 
hydrolysis of leucine residues from the N-terminus of 
a protein or peptide substrate (2). LAP3 was originally 
discovered by R.J. Trumbly (3). Since LAP3 is an LAP, 
its expression is closely related to the activation of 

peptide substrates. In breast cancer, LAP3 also enhances 
the invasion of breast cancer cells (4). Studies have found 
that knocking down LAP3 will make hepatocellular 
carcinoma cells more sensitive to cisplatin, thereby 
promoting cell death in those cells (5). In addition, the 
malignant transformation of human esophageal squamous 
cell carcinoma also results from overexpression of 
LAP3 (6). Therefore, LAP3 expression during the 
development of a tumor is particularly important. The 
synthesis of LAP3 inhibitors has attracted considerable 
interest because of the aforementioned findings. Thus, 
evaluating the suppression of enzyme activity is essential 
to developing an LAP3 inhibitor. 
	 Currently, there is no method with which to evaluate 
the suppression of human LAP3 enzyme activity. Only 
Sigma (Cat. L5006) provides enzymes to evaluate 

Summary The expression of leucine aminopeptidase 3 (LAP3) is associated with the prognosis for 
and malignant transformation of many types of tumors. Therefore, a LAP3 inhibitor 
may represent a new strategy for cancer therapy. Evaluating the suppression of enzyme 
activity by an LAP3 inhibitor is essential. Right now, leucine aminopeptidases (LAPs) 
purified from the porcine kidneys are the only enzymes that can be used to evaluate the 
suppression of enzyme activity by an LAP3 inhibitor. This approach cannot accurately 
reflect the suppression of human LAP3 by an inhibitor. The current study developed a new 
method with which to evaluate the suppression of enzyme activity by an LAP3 inhibitor. 
Total protein from K562 cells seldom catalyzed the LAP3 substrate. A lentivirus was used 
to induce K562 cells to overexpress LAP3 (K562-LAP3). After puromycin screening, flow 
cytometry data indicated that 98.8% of cells expressed green fluorescent protein. The 
expression of LAP3 in K562-LAP3 cells was also assessed using Western blotting. K562-
LAP3 cells were lysed with ultrasonication. Total protein was used as an enzyme source and 
L-leucine p-nitroaniline hydrochloride was used as a substrate to measure enzyme activity. 
Total protein from K562-LAP3 cells catalyzed the substrate more than that from K562 cells 
did. The LAP3 inhibitor ubenimex was used as a positive control to evaluate the suppression 
of LAP3 enzyme activity. Results indicated that ubenimex significantly inhibited the enzyme 
activity of LAP3. This approach provides a convenient and accurate way to evaluate the 
suppression of enzyme activity by an LAP3 inhibitor.
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suppression of LAP enzyme activity (7). However, this 
enzyme is derived from the porcine kidney. The amino 
acid sequence and structure of human and porcine 
LAP3 differ (Figure S1, http://www.ddtjournal.com/
action/getSupplementalData.php?ID=39). This may 
cause a problem since some compounds may suppress 
the enzyme activity of porcine LAP3 but not human 
LAP3 (8). The current study developed a new method to 
evaluate the suppression of enzyme activity by an LAP3 
inhibitor in vitro. Enzymes expressed in K562 cells did 
not strongly catalyze the LAP3 substrate. Therefore, a 
lentivirus was used to stably overexpress LAP3 in K562 
cells (K562-LAP3). Enzymes obtained from K562-
LAP3 cells lysed with ultrasonication were used as an 
enzyme source to examine the suppression of LAP3 
activity by compounds. This method is convenient 
and easy to perform, so it can continuously and easily 
provide enzymes and accurately allow evaluation of the 
suppression of human LAP3 by an LAP3 inhibitor.

2. Materials and Methods

2.1. Cell culture

The human erythroleukemia cell line K562 was 
purchased from the China Infrastructure of Cell Line 
Resources (Beijing, China). K562 cells were maintained 
in RPMI-1640 medium supplemented with 10% fetal 
bovine serum and cultured in humidified air with 5% 
CO2 at 37°C.

2.2. Western blotting

Whole-cell protein was extracted from cell homogenate 
and lysed in RIPA buffer (20 mM Tris pH 7.5, 150 mM 
NaCl, 1 mM EDTA, 1 mM EGTA, 1% NP-40, and 50 
mM sodium fluoride) supplemented with a protease 
inhibitor cocktail. The samples were subjected to sodium 
dodecyl sulfate polyacrylamide gel electrophoresis and 
then transferred to polyvinylidene fluoride membranes. 
Membranes were blocked with 10% skim milk and 
incubated with specific primary antibodies overnight 
at 4°C. The membranes were then incubated with 
antibodies. All antibodies were as follows: LAP3 
(SANTA CRUZ, sc-376270), β-actin (SANTA CRUZ, 
sc-1616).

2.3. Flow cytometry

Cells were suspended at 5 × 105 cells/100 µL and 
incubated for 60 min at room temperature with an 
anti-LAP3 mono clonal antibody (Abcam, ab154809) 
(London, England). After cells were washed in PBS, 
the samples were resuspended in phosphate buffer 
saline (PBS) containing 1% FBS. Labeled cells were 
subsequently analyzed with flow cytometry on BD 
FACScan.

2.4. Lentivirus infection

Lentivirus particles were purchased from Genechem. 
Lentivirus (LV)-enhanced green fluorescent protein 
(EGFP) was transduced into cells. The medium was 
replaced with fresh culture medium after 12 h. Cells 
were observed under a fluorescence microscope for 
transduction efficiency. Cells with stable expression 
were screened using puromycin.

2.5. Monoclonal cell screening 

Equal dilution was used. One hundred cells/200 μL 
was added to the first row of wells, 100 μL of medium 
was added to other wells, 100 μL of cells was removed 
from the first row with a Pasteur pipette and added to 
the second row, cells were mixed, 100 μL of cells was 
removed from the second row and added to the third 
row, and so on, until the last row. K562 cells stably 
overexpressing LAP3 were generated from only a single 
cell in a well.

2.6. Enzymatic activity 

K562-LAP3 and K562 cells were re-suspended in PBS. 
Cells were disrupted with ultrasonication and seeded 
onto 96-well plates. Cells were combined with 1.6 mM 
LAP3 substrate (L-leucine p-nitroaniline hydrochloride) 
for 30 min at 37℃. Enzyme activity was measured at 
405 nm. The analysis of data was as follows: Rate of 
inhibition = (expression in control group ‒ expression 
in experimental group)/ expression in control group × 
100%. Here, expression in the control group = wild-
type expression, and expression in the experimental 
group = wild-type expression plus overexpression due to 
transduction.

2.7. Statistical analysis 

All experiments were performed at least three times, 
and results are expressed as the mean ± SD. Differences 
between groups were determined using the Student's t 
test.

3. Results

3.1. K562 cells were used to overexpress LAP3

In addition to LAP3, other enzymes may also catalyze 
the LAP3 substrate. Therefore, the current study selected 
cells that minimally catalyze the substrate to reduce the 
influence of other enzymes. Total enzymes from several 
cell lines obtained via ultrasonication were tested for 
their ability to catalyze the substrate, including K562, 
PLC/RRF/5, and MDA-MB-231 (Figure 1). Results 
indicated that K562 had the least ability to catalyze the 
substrate. In addition, a large number of cells can easily 
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be obtained because K562 cells are suspended cells and 
not adherent cells.

3.2. LAP3 overexpression in K562 cells via lentivirus 
infection

K562 cells were transduced with a lentivirus to 
overexpress LAP3. After puromycin screening, 98.8% 
of cells expressed GFP (Figure 2A). The cells were 
used to generate monoclonal cells. Twelve monoclonal 
cells were obtained, and enzyme activity was measured. 
No. 35 strongly catalyzed the substrate and was used in 
the subsequent experiment (K562-LAP3). K562-LAP3 
cells exhibited higher enzyme activity than K562 cells 
(Figure 2B). GFP was observed under fluorescence 
microscopy (Figure S2, http://www.ddtjournal.com/
action/getSupplementalData.php?ID=39). Cells 
overexpressing LAP3 expressed a high level of LAP3 
compared to parental cells (Figure 2C). In summary, 
K562-LAP3 cells expressed a high level of LAP3 and 
potently catalyzed the substrate.

3.3. K562-LAP3 cells can be used as an enzyme source 
to detect the suppression of enzyme activity by an LAP3 
inhibitor

To further identify the enzyme activity of LAP3, 
ultrasound lysates of K562 and K562-LAP3 cells were 
incubated with the LAP3 inhibitor ubenimex. Results 
indicated that ubenimex inhibited the enzyme activity 
of LAP3 in a dose-dependent manner (Figure 3). This 
finding verified the hypothesis that K562-LAP3 cells can 

Figure 1. Catalyzing effects of different cell lines on 
substrates. Cells were lysed with ultrasound. Total protein 
was transferred to 96-well plates. One-point-six mM LAP3 
substrate was added to the wells. Plates were incubated at 
37°C for 30 min. Absorbance at 405 nm was measured. Each 
bar represents the mean ± SD. *p < 0.05, **p < 0.01.

Figure 2. Infection of K562 cells with a lentivirus to 
overexpress LAP3. K562 cells were resuspended in complete 
culture medium, and 4 × 105 TU/mL of virus particles was 
seeded onto 96-well plates. The lentivirus LV-LAP3 was diluted 
with ENi.S or medium and added to each well. Simultaneously, 
polybrene was added to 10 μM as a viral infection adjuvant. 
The medium was replaced with completed culture medium 
after 12 h. After three days, cells with stable expression were 
screened using puromycin. Flow cytometry (A), an enzyme 
activity assay (B), and Western blotting (C) were used to test 
transduction efficiency.

Figure 3. The LAP3 inhibitor ubenimex inhibits enzyme 
activity in K562-LAP3 cells. K562-LAP3 cells were lysed 
with ultrasound and transferred to 96-well plates. Ubenimex 
was added to the wells. The concentration of the drug was 
25, 100, or 400 μM. After 5 min, the LAP3 substrate was 
added to 1.2 mM. After incubation at 37°C, absorbance was 
determined at 405 nm. The data were processed using the 
formula shown in the article. The experimental results were 
from three independent experiments, and similar results were 
obtained.
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be used to evaluate the suppression of enzyme activity 
by an LAP3 inhibitor.

4. Discussion

LAP3 plays a key function in the tissues and cells of 
plants, animals, and microorganisms (1). LAP3 has 
been found to play an increasing number of roles in 
the development of various diseases, such as ovarian 
epithelial malignancy, breast cancer, endometrial cancer, 
human esophageal squamous cell carcinoma, and 
diabetes (6,9-13). Nonetheless, what is more interesting 
is the role that LAP3 inhibitors could play in treating 
disease. There is no method with which to evaluate the 
suppression of human enzyme activity by an LAP3 
inhibitor. Only LAP enzyme from porcine kidney 
microsomes (Sigma, Cat. L5006) can be used as an 
enzyme source to evaluate the suppression of enzyme 
activity. However, the amino acid sequence and structure 
of human and porcine LAP differ. Therefore, there is no 
guarantee that an inhibitor would suppress human LAP3 
in the same manner as it suppresses porcine LAP. Thus, 
a new method was devised to detect that suppression.
	 The current study used K562 cells, which weakly 
catalyze a substrate, as a cell source. K562 cells are 
suspended cells. They do not need to be digested, and 
they are easy to handle (14). There are some other 
enzymes that can catalyze the substrate in addition to 
LAP3 (15). The weak reaction of the enzyme from K562 
cells with the substrate indicated little interference by 
other enzymes. All of this indicated that K562 cells were 
proper candidate cells. 
	 A lentivirus was used to overexpress LAP3 in K562 
cells. Lentiviral infection has several unique advantages. 
An exogenous gene can be stably integrated into a host 
chromosome in comparison to transient transfection. In 
addition, a lentivirus also expresses GFP in cells, and 
this feature can be used to evaluate infection efficiency. 
In addition, a lentivirus vector also carries the puromycin 
resistance gene, which can be used to promote infection 
efficiency and maintain stable expression. K562-LAP3 
cells stably express LAP3 with a good reproducibility 
and specificity. This cell line can be cultured to obtain 
enough LAP3 to evaluate the suppression of LAP3 
activity by a compound.
	 The rate of inhibition was calculated by subtracting 
expression by parental cells from expression by 
overexpressing cells. Therefore, this formula only 
represents the suppression of LAP3, and it eliminates the 
influence of other enzymes that catalyze the substrate. 
This guarantees that LAP3 is the only variable in this 
experiment, accurately reflecting the suppression of 
LAP3 by an inhibitor.

5. Conclusion

In this experiment, K562 cells overexpressed LAP3 as a 

result of lentivirus infection. The total proteins of K562-
LAP3 cells served as an enzyme source, and L-leucine 
p-nitroanilide hydrochloride served as a substrate to 
measure suppression by an LAP3 inhibitor. Expression 
by parental cells was subtracted from expression by 
overexpressing cells, so the data reflected only the 
suppression of LAP3 enzyme activity. Therefore, this 
method is an accurate, economical, and convenient way 
to evaluate the activity of an LAP3 inhibitor.
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1. Introduction

Rheumatoid arthritis (RA) is characterised by 
symmetrical peripheral polyarthritis of unknown 
aetiology. It  is most common form of chronic 
inflammatory arthritis which results in significant joint 
damage and disability. Hallmark of inflammatory process 
in RA includes synovial inflammation and proliferation, 
focal bone erosion, and thinning of articular cartilage. 
The mechanism underlying osteolysis in RA depends on 

osteoclasts roles in shifting the normal balance between 
bone formation and resorption. The Wnt-β catenin 
signalling pathways has been found to be a critical 
regulator of bone and cartilage homeostasis in adult. 
Canonical Wnt signaling is initiated by its binding to 
frizzled receptors and co-receptors 'LDL receptor related 
proteins 5 and 6' (LRP5/6) which leads to β-catenin 
stabilization, nuclear translocation and activation of 
target genes such as Wnt-induced signaling protein-1 
(WISP-1) (1). Wnt signaling is modulated by soluble 
antagonists including dickkopf-1 (DKK1), secreted 
frizzled related proteins (sFRPs), and sclerostin. 
 	 Sclerostin is encoded by the SOST gene located 
on chromosome 17q12-q21 in humans. In humans, 
it was originally believed to be a non-classical bone 

Summary This study was done with aim to assess the serum sclerostin and dickkopf-1 (DKK-1) level 
in patients of rheumatoid arthritis (RA) and to correlate their level with disease activity and 
bone mineral density. Fifty patients of RA and equal age and sex matched healthy controls 
were included in the study. Patients were evaluated clinically and investigated with routine 
blood tests along with rheumatoid factor (RF), anti-citrullinated protein antibody (anti-
CCP2), radiographs and bone mineral density (BMD). Serum sclerostin and DKK-1 levels of 
both cases and controls was assayed by using enzyme-linked immunosorbent assay (ELISA) 
assay [RayBio®, Georgia, USA with coefficient of variation percent (CV %), < 10%] and 
compared with disease activity and bone mineral density. Disease activity was measured by 
Disease Activity Score 28 (DAS28) along with Modified Health Assessment Questionnaire 
(MHAQ) score. Mean serum sclerostin and DKK-1 was significantly higher in study group 
as compared to control group. Serum sclerostin showed significant correlation with disease 
activity scores (DAS score and MHAQ score), erythrocyte sedimentation rate (ESR) and 
C-reactive protein (CRP) level. Serum sclerostin at level of 394 pg/mL was found to have 
diagnostic significance with sensitivity of 100% and specificity of 90%. DKK-1 level shows 
significantly positive correlation with larson score which denotes radiological progression (r 
value 0.468; p value 0.001). More studies with larger sample size of RA patients are needed for 
better determination of the role of sclerostin and DKK-1 in RA. Also, the correlation of these 
and other bone turn over markers will help decipher their role with disease progression in RA 
patients.
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morphogenetic protein (BMP) antagonist (2). However, 
recently sclerostin has been identified as inhibitor the 
Wnt signaling pathway by binding to LRP5/6 receptors 
resulting in decreased bone formation. Sclerostin is 
expressed in osteocytes and some chondrocytes and 
inhibits bone formation by osteoblasts (3,4). 
	 In RA bone loss may be limited to the peri-articular 
region or can be systemic. This process involves pro-
inflammatory cytokines produced by the synovial 
membrane, which may increase bone resorption but 
also stimulate soluble antagonists of the canonical 
Wnt/β-catenin signaling pathway, including DKK-
1 and sclerostin, and subsequently inhibit osteoblast 
proliferation, maturation and progenitor differentiation 
(5). 
	 Role of sclerostin has been found in various studies 
in bone remodeling in osteoarthritis and ankylosing 
spondylitis (6,7). Serum sclerostin levels depend on 
genetic aspects, age, sex, adiposity, renal function and 
presence or absence of diabetes mellitus (8). Sclerostin 
is a nonspecific product of osteocytes, however it is 
also produced by chondrocytes and cementocytes as 
well as in the liver, vascular wall and kidney (9). It has 
been reported earlier in few studies that serum levels 
of sclerostin and DKK-1 are increased in patients with 
juvenile idiopathic arthritis (JIA) and is mediated by 
tumor necrosis factor (TNF)-α (10).
	 Very few studies have done to find levels of 
sclerostin and DKK-1 in RA patients, therefore the 
present study was done to correlate serum sclerostin and 
serum DKK-1 level with disease activity, inflammatory 
profile and severity in rheumatoid arthritis patients.

2. Materials and Methods

2.1. Study design

A case control study was done between June 2016 to 
June 2018 in Division of Rheumatology/Medicine, Sir 
Sunderlal Hospital BHU, a tertiary centre in eastern 
Uttar Pradesh, India after taking approval from Institute's 
ethical committee. Informed consent was taken from the 
patients. 
	 All RA patients of age > 15 years diagnosed by 
2010 ACR/EULAR criteria (American rheumatology 
criteria/European League Against Rheumatism) were 
included in study. Exclusion criteria included patients of 
age less than 15 years, patients on treatment of disease 
modifying anti rheumatic drug, evidence of steroid use in 
past 1 month, calcium supplement in last 3 months and 
presence of diabetes mellitus, chronic kidney disease and 
chronic liver disease. 

2.2. Study population and sample

A total of 50 cases of RA were taken and equal number 
of age-sex matched controls were taken. Each of sample 

selected on basis of inclusion and exclusion criteria. No 
formal method of sample size calculation was made as it 
was a pilot study. 

2.3. Methodology and statistical analysis

After detailed clinical history and examination all 
patients were evaluated with investigations like complete 
blood counts, liver function test, random blood sugar, 
RF (rheumatoid factor) titre, CRP titre, anti-cyclic 
citrullinated peptide (anti CCP2). 
	 X-ray of bilateral hands, wrist and feet were also 
obtained and Larsen scoring was done for each (11). 
Bone marrow density (BMD) was obtained for each 
patient (12). Disease activity was measured by Disease 
Activity Score (DAS28) along with Modified Health 
Assessment Questionnaire (MHAQ) score for all patients 
(13,14). 
	 Serum sclerostin was done using enzyme-linked 
immunosorbent assay (ELISA) method [RayBio® 
Human SOST ELISA Kit, Georgia, USA, intra-assay 
coefficient of variation percent (CV%), < 10% and inter-
assay CV%, < 12%)] and DKK1 measurement was done 
by RayBio® Human DKK-1 ELISA Kit, Georgia, USA 
with intra-assay coefficient of variation percent (CV%), 
< 10% and inter-assay CV%, < 12%. 
	 The statistical analysis was done using statistical 
software SPSS for windows (Version 16.0). Chi-square 
test was used for categorical variables. For continuous 
data Student's t test and Mann Whitney U test were used. 
One way analysis of variance (ANOVA) test was used 
for comparing three groups of mean. For correlating 
two continuous data Spearman’s correlation coefficient 
was used. P-value < 0.05 is considered as statistically 
significant.

3. Results

3.1. Demographic and biochemical data

Out of 50 cases, there were 4% patients in age group 
(11-20 years), 12% patients in age group (21-30 years), 
32% patients in age group (31-40 years), 24% patients 
in age group (41-50 years), 22% patients in age group 
(51-60 years) and 6% patients in age group > 60 years. 
Among cases, males were 18% (n = 9) and rest 82% (n = 
41) were females where as in control 54% (n = 27) were 
male and 46% (n = 23) were females. Male to female 
ratio in study group was 1:4.5 which shows statistically 
significant female predominance of disease. Comparison 
of various hematological and biochemical parameters of 
cases and control is shown in Table 1. Comparison of 
BMD, T score, Z score and sclerostin in case and control 
is shown in Table 2.

3.2. Serum sclerostin and its correlation with other 
parameters

23



www.ddtjournal.com

Drug Discoveries & Therapeutics. 2019; 13(1):22-27.24

28 score (542.06 ± 56.29 pg/mL) which suggested that 
serum sclerostin level increases with the severity of 
disease (Table 4). 
	 DAS score, MHAQ score, Larsen score, rheumatoid 
factor (RF) level, anti CCP level, CRP titer and 
ESR titer was found significantly higher in cases as 
compared to control group suggesting that as disease 
severity increases the levels of these parameters 
increase. Serum sclerostin level showed significant 
correlation with disease activity scores (DAS score and 

Mean serum sclerostin was 526.75 ± 54.61 pg/mL was 
significantly higher than the control group (361.59 ± 
24.37 pg/mL). Comparison of DAS28, MHAQ, Larson 
score and other parameter between cases and control is 
shown in Table 3. 
	 In our study, we found 1 patient with low (2.6-3.2) 
DAS 28 score with serum sclerostin level of 488.13 pg/
mL. Thirteen patients (n = 13) had moderate DAS 28 
score (3.2-< 5.1) with mean serum sclerostin level of 
487.29 ± 20.51 pg/mL and 36 patient had high DAS 

Table 1. Comparison of hematological and biochemical parameters of cases and control

Parameter 

Age (in years)
Hb (hemoglobin in gm/dL)
TLC (total leucocyte count/mm3)
Neutrophils (/mm3)
Lymphocyte (/mm3)
RBS (Random blood sugar mg/dL)
Creatinine(mg/dL)
Urea (mg/dL)
Na (sodium mmol/L)
K (potassium mmol/L)
Total protein (gm/dL)
Albumin (gm/dL)
Calcium (mg/dL)
Phosphate (mg/dL)
Platelet (/mm3)
Aspartate transaminase (AST U/L)
Alanine transaminase (ALT U/L)
Total bilirubin (mg/dL)

Case (Mean ± SD)

    41.30 ± 12.971
  10.816 ± 1.6564

    8,995.92 ± 3,427.541
    67.02 ± 10.103
  22.58 ± 9.123

  105.52 ± 18.801
    0.852 ± 0.2159
    27.58 ± 10.186
138.52 ± 4.205

    4.140 ± 0.5383
    7.698 ± 0.6196
    3.860 ± 0.5739
    9.070 ± 0.8279
    3.454 ± 0.8452

  2.60 (1.80 - 3.41)
   22 (19.00 - 33.25)
21.0 (16.00 - 31.25)
  0.50 (0.30 - 0.60)

Control(Mean ± SD)

    33.58 ± 11.770
  12.146 ± 1.7736

    7,803.00 ± 1,723.276
  71.28 ± 6.919
  21.80 ± 5.026

  104.56 ± 10.958
    0.779 ± 0.2015
  21.56 ± 5.372
137.28 ± 2.963

    3.746 ± 0.5319
    7.236 ± 0.4615
    3.740 ± 0.4686
    9.598 ± 0.6278
    3.786 ± 0.8119

            2.6 (1.97-3.42)
        20.5 (17.75-25.00)
        22.0 (18.75-26.25)
         0.80 (0.50 - 0.90)

p-value

   0.002
< 0.001
   0.030
   0.016
   0.598
   0.756
   0.084
< 0.001
   0.091
< 0.001
< 0.001
   0.255
< 0.001
   0.048
   0.828
   0.107
   0.926
< 0.001

Table 2. Comparison of various parameter in cases and control

Variables

DAS28 score 
MHAQ
MHAQ Score
Larsen Score
RF titre
Anti CCP2 titre
CRP  titer
ESR titer
DKK-1(in pg/mL)
BMD (gm/cm2)
T SCORE
Z SCORE
Sclerostin (in pg/mL)

Case Group

    5.25 (2.4 - 6.5)
      3.0 (2.00 - 3.00)

      > 1.8 (1.3 - ≥ 1.8)
  20-30 (20 - 40)

    94.50 (29.98 - 175.75)
333.50 (132.50 - 548.72)

   1.84 (1.06 - 5.10)
   46.0 (35.75 - 55.25)

309.00 (196.64 - 494.45)
              0.958 ± 0.2354
            - 2.030 ± 1.3348
             -1.416 ± 1.0305

                526.75 ± 54.61573

 Control Group

     1.0 (1.0 - 1.0)
   < 1.3 (< 1.3)
    <10 (< 10)

   20.0 (15.00 - 21.00)
     2.0 (0.10 - 0.60)
     05.0 (0.4 - 0.60)

  14 .00 (10.0 - 18.25)
110.61(109.00 - 159.77)
            0.940 ± 0.1468
           -1.248 ± 1.0737
             -.926 ± 0.9722

              361.59 ± 24.37903

p-value

< 0.001
< 0.001
< 0.001
< 0.001
< 0.001
< 0.001
< 0.001
< 0.001
< 0.001
   0.647
   0.002
   0.016
< 0.001

DAS28: Disease Activity score; RF: Rheumatoid factor; Anti CCP2: Anti-cyclic citrullinated peptide; DKK-1: Dikkopf-1; BMD: Bone mineral 
density; MHAQ: Modified Health Assessment Questionnaire.

Table 3. DAS 28 score and serum sclerostin level 

DAS28 score

2.6 - 3.2
3.2- < 5.1
> 5.1
Total

No. of patients (n)

1
13
36
50

Serum sclerostin level, Mean ± SD

488.130 ± 0.0
        487.296 ± 20.5182
        542.068 ± 56.2989
        526.748 ± 54.6157

DAS28: Disease Activity score; RF: Rheumatoid factor; Anti CCP2: Anti-cyclic citrullinated peptide; DKK-1: Dikkopf-1; BMD: Bone mineral 
density; MHAQ: Modified Health Assessment Questionnaire.

f-value

6.114

p-value

0.004
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MHAQ score), ESR and CRP level. Serum sclerostin 
at level of 394 pg/mL showed a diagnostic positive 
predictive value (PPV) and negetive predictive value 
(NPP) of 90.9% and 100% respectively and had 
diagnsotic sensitivity of 100% and specificity of 90%.

3.3. Serum DKK-1 and its correlation with other 
parameters 

DKK-1 level was found significantly higher in cases as 
compared to control group. Among cases it was found 
to be 309.00 pg/mL (196.64-494.45) in cases and in 
controls it was 110.61 pg/mL (109.00-159.77). 
	 Eighteen (n = 18) patient with RA with T score < 
‒2.5 (more negative) had higher mean DKK-1 level of 
512.59 pg/mL as compared to 269.44 pg/mL found in 
rest 32 RA patients with T score > ‒2.5 (more positive). 
However, it was not significant. 
	 DKK1 level shows significantly positive correlation 
with larson score which denotes radiological 
progression (r value 0.468; p value 0.001). A significant 
negative correlation was also found with with BMD (r 
value ‒0.343) and T score(r value 0.661).

4. Discussion

RA is associated with both local and systemic bone 
loss. Bone remodelling is effected by sclerostin and 
DKK-1 which act by inhibiting the Wnt/β-catenin 
signalling pathway (15). The study aimed to find a 
correlation between these inhibitors and disease activity 
in RA patients. 
	 In the study, we found mean haemoglobin level in 
RA group to be significantly lower than the control 
group and anaemia was found in overall 82% of cases. 
Previous studies have shown that anaemia develops in 
30-70% of patients with RA (16). Similar results were 
seen in a study by Smyrnova Ganna et al. where 64% of 
cases were found to have anaemia compared to healthy 
population (17). Above observation reinforced the fact 
that anaemia is common in patient with rheumatoid 
arthritis as compared to healthy population and usually 
anaemia of chronic disease was seen. 
	 Mean ca lc ium level  was  a lso  found to  be 
significantly lower in RA group (9.070 ± 0.8279 mg/
dL) as compared to healthy control (9.598 ± 0.6278 mg/
dl). In a study conducted by Scott et al. mean calcium 
level was found to significantly lower compared to 
healthy group (18). It suggested that RA patient are 
associated with low calcium level as compared to 
healthy population and importance of adding calcium 
supplement with other treatment options in RA. 
	 Serum sc leros t in  leve ls  were  found to  be 
significantly higher in cases as compared to controls 
(p < 0.001). Further, significant correlation between 
serum sclerostin with DAS28 score suggested that as 
DAS28 score increases serum sclerostin increases. In 

our study serum sclerostin at level of 394 pg/mL has 
positive predictive value (PPV) and negetive predictive 
value (NPP) of 90.9% and 100% respectively and had 
diagnsotic sensitivity of 100% and specificity of 90%. 
In a study by El-Bakry S et al., serum sclerostin at a 
level of 267 ng/mL showed a diagnostic sensitivity of 
96.8% and specificity of 66.7% with PPV and NPV of 
96.6% and 90% respectively (19). Results from above 
studies suggests that it can be used for new diagnostic 
tool for rheumatoid arthritis.
	 In our study, we found that mean serum sclerostin 
in RA patient with osteoporosis was 536.95 pg/mL 
which was similar to serum sclerostin in RA without 
osteoporosis (521.01 pg/mL). Similar finding were 
found in study by Mehaney DA et al., where no 
significant correlation was found between sclerostin 
level, BMD or T scores were found (20). From above 
finding it could be suggested that although serum 
sclerostin has diagnostic significance and correlate well 
with disease activity, it cannot be used as marker of 
bone destruction. 
	 The mean DKK-1 level was also found to be 
significant higher in RA patients as compared to 
controls and correlated significantly with larsen score, 
BMD and T score which suggest bone destruction. 
Another study by Wang et al. showed that DKK-1 
levels in RA patients were significantly higher than 
levels in healthy controls, and correlated with the Sharp 
score of radiological changes (r = 0.449, p = 0.001) in 
RA (5). Study by Raphaèle Seror et al. also showed 
that the mean baseline DKK-1 level was higher among 
RA patients with radiological changes than without 
radiological progression (29.6 ± 13.3 vs. 26.63 ± 12.4 
pmol/L) (p = 0.0084) (21). In study by Jun Tian et al. 
mean DKK-1 in control with osteoporosis was 55.25 ± 
10.13 ng/mL and in control without osteoporosis was 
40.19 ± 10.69 ng/mL (p value < 0.001) (22). Above 
results suggests that as rheumatoid arthrtis is chronic 
disease having bone destructive effect, therefore DKK-
1 in RA patient was found higher than the control 
healthy group. Higher DKK-1 in healthy population 
with osteoporosis than non-osteoporosis suggest that 
DKK-1 can be used as a marker of osteoporosis. 
	 Results comparision between our study and 
previous studies suggest that as disease progress and 
bone distruction increase, serum level of DKK1 will 
increase. Hence serum DKK1 can used as marker for 
bone destruction and osteoporosis.
	 Limitations of our study includes small sample 
size, use of low sensitivity ELISA method and limited 
investigation with respect to bone turnover and calcium 
and vitamin D metabolism. More studies on larger 
population is needed to delineate the role of sclerostin 
in RA patients as diagnostic marker. Also, more studies 
on serum sclerostin, DKK-1 and other bone turn over 
markers will delineate their role in bone remodelling 
mechanism in rheumatoid arthritis.
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1. Introduction

Candida albicans is a commensal fungus in human 
mucosal surfaces, including the oral cavity. Oral 
candidiasis is an opportunistic infection of the oral 
cavity caused by the overgrowth of Candida spp., 
which causes tongue pain, a burning feeling, bad 
breath, and decreased quality of life. Reduced saliva 
production, poor oral hygiene, the long-term use of 
antibiotics, smoking, chemotherapy, and aging have 
been identified as risk factors for oral candidiasis 
(1). Although antifungal agents are used to treat oral 
candidiasis, their repeated usage is associated with the 
creation of resistant microorganisms (2,3).
	 Lactoferrin (LF) and lactoperoxidase (LPO) are 
glycoproteins found in saliva, milk, vaginal secretions, 
and other exocrine secretions and play a role in host 
protection (4-6). LF exerts antimicrobial effects 

against fungi such as Candida (7,8). LPO catalyzes the 
hydrogen peroxide-dependent oxidation of thiocyanate 
(SCN–), a component in saliva, to hypothiocyanite 
(OSCN–), which is a potent antimicrobial agent against 
fungi, bacteria, and viruses (5,6). This antimicrobial 
system is called the LPO system. The combination of 
LPO, glucose oxidase (GO), glucose, and buffer salts 
was previously shown to exhibit in vitro antimicrobial 
activity against periodontal bacteria and C. albicans 
through the formation of OSCN– in the presence of 
SCN– (9-11). The candidacidal activity of LF or the 
LPO system alone is moderate (8,10). Although the 
combined use of LF with antifungal drugs has been 
reported to enhance anti-candida effects (12), it cannot 
be taken continuously and safely on a daily basis. In 
the present study, we assessed the combined effects 
of LF and the LPO system on the cellular metabolic 
activity of C. albicans using the alamarBlue assay. 
We also investigated the in vitro antifungal effects of 
the combination of LF and the LPO system against 
C. albicans using a crystal violet staining method 
to quantify adhesive hyphal cells, which are related 
to pathogenicity. The aim of the present study was 
to develop a new method for the prevention of oral 
candidiasis.

Summary Candida albicans is a commensal fungus in human mucosal surfaces, including the oral 
cavity. Lactoferrin (LF) and the lactoperoxidase (LPO) system, which are host protection 
components in exocrine secretions, each exhibit weak anti-candida activity. We herein 
examined the effects of the combination of LF and the LPO system on C. albicans. 
Morphological observations indicated that the combination of LF and the LPO system 
reduced the mycelial volume of C. albicans and changed the size and shape of cells more 
than each agent alone. The combination of LF and the LPO system also exerted strong 
inhibitory effects on the cellular metabolic activity and adhesive hyphal form of C. albicans. 
A checkerboard analysis revealed that the anti-candida activity of LF and the LPO system 
was synergistic. These results suggest that the combination of LF and the LPO system is 
useful for preventing candidiasis.
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2. Materials and Methods

2.1. Materials

Bovine LF was produced by Morinaga Milk Industry 
Co., Ltd. (Tokyo, Japan). Components of the LPO 
system consisted of 43 mg/g of LPO purified from 
bovine milk (Tatua, Morrinsville, New Zealand), 430 
mg/g of GO purified from Penicillium chrysogenum 
(Shin-Nihon Chemical, Aichi, Japan), 450 mg/g glucose, 
24 mg/g citric acid, and 53 mg/g sodium citrate. 66 mM 
sodium thiocyanate solution was prepared and sterilized 
with filtration. LF and the LPO system were dissolved in 
0.66 mM sodium thiocyanate. 
	 Hypothiocyanite (OSCN–) solution was produced 
enzymatically as described previously (13). In brief, 0.16 
mg/mL LPO solution with 7.5 mM sodium thiocyanate 
and 3.75 mM H2O2 in 10 mM potassium phosphate 
buffer (pH 6.6) was incubated at room temperature 
for 15 min. After stopping the reaction by the addition 
of catalase, LPO and catalase were removed by 
centrifugation through a 10-kDa molecular mass cut-
off filter (Amicon Ultra, Merck, Darmstadt, Germany) 
at 5000× g for 15 min. The concentration of OSCN– 
was measured by monitoring the reaction with 5-thio-2-
nitrobezonic acid (14).

2.2. Preparation of medium for C. albicans hyphal 
formation

One milliliter of fetal calf serum (FCS, Thermo Fisher 
Scientific, MA, USA) was aseptically added to 39 mL 
of RPMI 1640 medium (Sigma Chemical Co., Mo., 
US) with L-glutamine and sodium bicarbonate (Sigma-
Aldrich, MO, USA), aseptically supplied with 0.03 g of 
penicillin (FUJIFILM Wako Pure Chemical Corporation, 
Osaka, Japan), 0.03 g of kanamycin (FUJIFILM Wako 
Pure Chemical Corporation) and 2.39 g of HEPES 
(4-(2-Hydroxyethyl)-1-piperazineethanesulfonic acid, 
Dojindo, Kumamoto, Japan) in 500 mL of the same 
medium. This 2.5% FCS containing RPMI 1640 medium 
was three-fold diluted by adding sterile distilled water. 
The diluted FCS-RPMI medium was used in this study.

2.3. Assay for the inhibition of the cellular metabolic 
activity of C. albicans

C. albicans TIMM1768, a clinically isolated serotype A 
strain obtained from the Teikyo University Institute of 
Medical Mycology, was used in experiments. Cells were 
cultured on Sabouraud dextrose agar, which contained 1% 
Bactopeptone (Becton Dickinson, MD, US), 2% glucose, 
and 1.5% agar, and suspended the diluted FCS-RPMI 
medium. One hundred microliters of the C. albicans 
suspension (5 × 103 cells/mL) in a 96-well microtiter 
plate was prepared. After the addition of 100-μL serial 
dilutions of LF and the LPO system, the microtiter plate 

was incubated at 37°C for 16 h in 5% CO2 in air. After 
the incubation, 20 μL of alamarBlue (Thermo Fisher 
Scientific) was added to each of the wells. Samples were 
incubated at 37°C for 20 h in 5% CO2 in air. Absorbance 
at 570 and 594 nm was measured spectrophotometrically. 
The percent inhibition of cellular metabolic activity was 
calculated as follows. 100 − (absorbance (samples)/
absorbance (control)) × 100 (%).

2.4. Assay for the growth inhibition of C. albicans in 
the hyphal form

The assay for the hyphal growth of C. albicans was 
performed using the method previously reported 
(15,16). The assay was performed under the same 
culture conditions as described above. One hundred 
microliters of the C. albicans suspension (5 × 103 
cells/mL) in a 96-well microtiter plate (MS-8096-F, 
Sumitomo Bakelite, Tokyo, Japan) was prepared. After 
the addition of 50-μL each of serial dilutions of LF 
and the LPO system to well of plate, the microtiter 
plate was incubated at 37°C for 16 h in 5% CO2 in 
air. The hyphal growth content of C. albicans was 
assessed by the crystal violet staining assay. The 
medium in the wells was discarded by inverting the 
microplate. Adhesive Candida mycelia were sterilized 
by immersion in 70% ethanol. The plate was washed 
twice in distilled water. Mycelia were stained with 
0.01% crystal violet (Merck, Darmstadt, Germany) for 
20 min and washed 3 times with water. After drying the 
microplate, 150 μL of isopropanol containing 0.04 N 
HCl and 50 μL of 0.25% sodium dodecyl sulfate were 
added to the wells. Samples were mixed by a plate 
mixer for 2 min to extract crystal violet from mycelia. 
The absorbance at 620 nm of triplicate samples 
was measured spectrophotometrically. The percent 
inhibition of Candida was calculated as follows: 100 − 
(absorbance (samples)/absorbance (control)) × 100 (%). 
	 A checkerboard analysis was used to assess anti-
candida combinations, and the results obtained were 
evaluated based on standard criteria (17). Concentrations 
of the combination of LF and the LPO system showing 
50% inhibitory concentration (IC50) against C. albicans 
were assessed by the crystal violet staining method 
and plotted in closed circles on arithmetic scales. The 
fractional inhibitory concentration (FIC) index was 
calculated as follows: (lowest inhibitory concentration of 
LF in combination/IC50 of LF alone + lowest inhibitory 
concentration of the LPO system in combination/IC50 

of the LPO system alone). FIC index values of ≤ 0.5, 
1.0, and > 4.0 represented synergism, additivity, and 
antagonism, respectively.

2.5. Statistical analysis 

Statistical analyses were performed between two groups 
using the two-tailed Student's t-test. P values of < 0.05 
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the viability and proliferation of microorganisms. Table 
1 shows the effects of the combination of LF and the 
LPO system on cellular metabolic activity. No marked 
inhibition was observed in the presence of 125 μg/mL 
of LF or the LPO system alone (Table 1). LF alone did 
not exert inhibitory effects, even at 2,000 μg/mL (data 
not shown). The LPO system alone at 500 μg/mL only 
exerted weak inhibitory effects (30.7% inhibition, data 
not shown). In contrast, the combination of more than 
7.8 μg/mL of LF and more than 31 μg/mL of the LPO 
system completely inhibited metabolic activity.

3.3. Inhibitory effects of LF and the LPO system on the 
adhesive hyphal form of C. albicans

The in vitro antifungal effects of LF and the LPO 
system on C. albicans were also investigated using 
a crystal violet staining method to quantify adhesive 
hyphal cells. The IC50 of LF alone and the LPO system 
alone were 1,000 and 400 μg/mL, respectively (Table 
2). In contrast, the combination of 7.8 μg/mL of LF and 
50 μg/mL of the LPO system exerted inhibitory effects 
(82.6%). This combined effects of LF and the LPO 
system were characterized by the checkerboard analysis 
(Figure 2). The points indicate the concentration of each 
compound achieving more than 50% inhibition against 
C. albicans by the crystal violet staining method. The 
FIC index of this combination was 0.134, and this value 

were considered to indicate a significant difference.

3. Results

3.1. Effects of LF and the LPO system on the growth 
morphology of C. albicans

The effects of LF and the LPO system on the hyphal 
form of C. albicans were investigated morphologically. 
Figure 1 shows the hyphal growth of C. albicans after 
an incubation at 37°C for 16 h. LF alone at 500 μg/
mL did not reduce the mycelial volume of C. albicans; 
however, morphologically, the hyphal length of C. 
albicans under these conditions was shorter than those 
of the control (Figure 1c). The LPO system alone at 
500 μg/mL morphologically altered the hyphal shape 
of C. albicans to a slightly more isolated and smaller 
colony-like appearance (Figure 1g). The combination 
of 125 μg/mL of LF and 125 μg/mL of the LPO system 
markedly reduced the mycelial volume of C. albicans 
and altered the size and shape of cells (Figure 1e).

3.2. Effects of LF and the LPO system on the cellular 
metabolic activity of C. albicans

AlamarBlue is a redox indicator that changes its color 
and fluoresces in response to metabolic activity (18). 
This method is commonly used to quantitatively assess 

Figure 1. Phase-contrast micrographs of the hyphal growth of C. albicans. Approximately 5 × 103 cells/mL of C. albicans 
TIMM1768 were incubated with different doses of LF and the LPO system at 37°C for 16 h in 5% CO2 in air. (a) Control culture 
showing the prominent development of hyphae; (b) culture with LF (125 μg/mL) alone showing the unchanged development of 
hyphae; (c) culture with LF (500 μg/mL) alone showing fewer hyphae; (d) culture with the LPO system (125 μg/mL) alone showing 
a slightly changed hyphal shape; (e, f) culture with LF (125 or 500 μg/mL) and the LPO system (125 μg/mL) showing a marked 
reduction in the mycelial volume of C. albicans and changes in the size and shape of cells; (g) culture with the LPO system (500 μg/
mL) alone showing the changed hyphal shape of C. albicans to a slightly more isolated and smaller colony-like appearance; (h, i) 
culture with LF (125 or 500 μg/mL) and the LPO system (500 μg/mL) showing almost no hyphae. Bar, 100 μm.
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indicated synergy (≤ 0.5). These results suggest that the 
combination of LF and the LPO system exerts strong 
cooperative effects against the adhesive hyphal form of 
C. albicans. 
	 We also assessed the inhibitory effects of LF 
combined with OSCN− solution using the crystal violet 
staining method. We produced this OSCN− solution 
enzymatically, and removed LPO and GO from the 

solution. When an OSCN− concentration of 225 μM 
was used, 500 μg/mL of LF exerted inhibitory effects 
against the adhesive hyphal form of C. albicans (56.7%, 
data not shown). On the other hand, LF alone at 500 
μg/mL did not exert any inhibitory effects against the 
adhesive hyphal form (0.0%, data not shown). The 
OSCN− solution at a concentration of 225 μM exerted 
weak inhibitory effects (24.0%, data not shown). These 
results suggest that OSCN− solution, which is a potent 
antimicrobial product generated by the LPO system, 
also functions with LF against C. albicans.

4. Discussion

LF and LPO are antimicrobial components found in 
saliva and each exert weak candidacidal effects (8,10). 
We herein demonstrated that the combination of LF and 
the LPO system exerted synergistic inhibitory effects on 
the cellular metabolic activity and adhesion of the hyphal 
form of C. albicans. The effects on the combination of 
LF and the LPO system (FIC index = 0.134) was more 
synergistic than that of the combined use of LF with 
antifungal drugs (FIC index = 0.187-190) (12). The 
hyphal form of C. albicans invades deeper host tissues 
and initiates clinical disease (1). Therefore, the inhibition 
of metabolism and adherence is assumed to be a more 
effective approach for preventing candidiasis.
	 LF with OSCN– solution also exerted inhibitory 
effects against C. albicans. This result suggests that 
OSCN–, which is a product of the LPO system, is an 
active component. The activity of the LPO system was 

Table 1. Effects of the combination of LF and the LPO system on the cellular metabolic activity of C. albicans TIMM1768 
using the alamarBlue assay

LPO system (μg/mL)

125
  31
    7.8
    2.0
    0

0

   3.2 ± 3.2
   0.0 ± 3.2
 -3.2  ± 3.2
  -1.1 ± 5.4
   0.0 ± 3.2

2.0

  2.2 ± 4.3
  0.0 ± 5.4

    1.1 ± 12.9
 -2.2 ± 5.4
 -3.2 ± 4.3

Data represent the mean ± SE of three to six experiments. *p < 0.01 significantly different from the control (no added agents).

7.8

 101.4 ± 1.1*
  98.9  ± 1.1*
 -2.2  ± 5.4
 -1.1  ± 8.6
  -4.3 ± 6.5

31

101.2 ± 1.1*
 97.8  ± 1.1*
  9.7 ± 3.2
  1.1 ± 1.1
  4.3 ± 3.2

125

102.0 ± 0.3*
  98.9 ± 1.1*
  78.5 ± 7.5*
 1.1  ± 3.2
  2.2 ± 3.2

% inhibition, LF (μg/mL)

Table 2. Effects of the combination of LF and the LPO system on the adhesion of the hyphal form of C. albicans 
TIMM1768 using the crystal violet staining assay

LPO system (μg/mL)

600
400
300
200
100
  50
    0

   0

 60.7
 51.1
 48.5
 21.5
 21.5
-19.0
   0.0

  2.0

68.5
64.2
45.6
38.4
11.2
81.6
  6.8

A checkerboard analysis showed percent inhibition on the adhesion of the hyphal form. The underlined combination was used to calculate the FIC 
index for the combination of LF and the LPO system.

  7.8

73.4
69.1
52.3
86.5
86.9
82.6
  5.7

31

88.5
89.6
87.7
87.5
87.5
85.9
 -0.8

125

89.4
89.0
88.8
88.6
88.5
86.5
  9.7

% inhibition, LF (μg/mL)

500

90.6
89.8
89.2
89.6
88.5
89.2
44.5

1000

90.8
90.2
90.2
90.0
89.8
89.4
56.3

Figure 2. The anti-candida activity of the combination of LF 
and the LPO system was examined using a checkerboard 
analysis. The IC50 of LF and the LPO system against the 
adhesive hyphal growth of C. albicans TIMM1768 was 
assessed by the crystal violet staining method and plotted in 
closed circles on arithmetic scales. A putative additive effect is 
represented by the dashed line.
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more effective than OSCN– alone, and may be explained 
by the LPO system also producing short-lived, highly 
reactive intermediates, such as superoxythiocyanate 
(O2SCN–) or trioxythiocyanate (O3SCN–) (19). The 
reaction through GO, which is a component of the LPO 
system, generates hydrogen peroxide, which exhibits 
antifungal activity (20). Since previous studies reported 
that hydrogen peroxide was immediately reduced in the 
presence of peroxidase (21), the contribution of hydrogen 
peroxide to the effects of the LPO system may have 
been negligible. Furthermore, hydrogen peroxide exerts 
toxic effects against mammalian cells (22). The LPO 
system is safer than hydrogen peroxide alone because 
lactoperoxidase and thiocyanate protects against the toxic 
effects of hydrogen peroxide. 
	 Previous studies suggested that the main antifungal 
mechanism of action of LF was dependent on iron and 
occurred through the direct interaction of LF with the 
fungal cell surface, leading to cell membrane damage 
and leakage (8). On the other hand, OSCN– reacts 
with microbial sulfhydryl groups and inhibits various 
functions, such as the membrane transport of sugars and 
amino acids, glycolysis, and respiration (19). Alterations 
in microbial membranes increased this efficacy of 
the LPO system, possibly by promoting the access of 
OSCN– to essential cell compounds (23). Accordingly, 
we speculate that cell membrane damage caused by 
LF may increase cell permeability to reactive OSCN– 
produced by the LPO system, and increase modifications 
to essential intracellular components. This mechanism 
of action may have a role in the synergistic inhibitory 
effects observed; however, further studies are needed to 
confirm this.
	 Reductions in salivary flow rates may increase the 
risk of opportunistic infections including oral candidiasis 
(24). The concentrations of LF and LPO in exocrine 
secretions have been reported to be 5-10 and 2 μg/mL 
in saliva, respectively (25,26). These concentrations 
of LF and LPO in saliva were lower than IC50 in the 
present study. Hence, LF and the LPO system in saliva 
do not exert anti-candida effects alone. The synergistic 
inhibitory effects of LF and the LPO system against 
saliva may be the reason for the co-localization of LF 
and LPO in mammalian exocrine secretions.
	 In conclusion, we herein demonstrated that the 
combination of LF and the LPO system exerted 
synergistic inhibitory effects against C. albicans. 
These results suggest that food or a dietary supplement 
containing LF and the LPO system will be helpful for 
patients with oral issues caused by the excessive growth 
of C. albicans. Further clinical trials are needed to assess 
the preventive effects of this combination of LF and the 
LPO system on oral candidiasis.
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1. Introduction

Preeclampsia (PE) is a common condition characterized 
by the development of hypertension after 20 weeks of 
gestation with or without proteinuria and/or multi-organ 
involvement. Studies suggest that the pathology for the 
development of PE is initiated in the second trimester 
itself, well before the actual development of signs 
and symptoms of the disease (1). Early detection and 
prediction of PE/severe PE can be instrumental as it can 
save the mother and the newborn from the detrimental 

complications of PE by close monitoring and timely 
intervention. 
	 A number of clinical, biochemical and biophysical 
markers have been investigated as potential predictors 
in the development of PE (2). However, none of them 
has proven to be suitable for routine clinical practice 
(3). Serum beta-human chorionic gonadotropin (hCG) 
and neutrophil-lymphocyte ratio (NLR) are low-
cost investigations that are readily available and have 
recently attracted the interest of researchers. Beta hCG 
is secreted by the syncytiotrophoblasts of the placenta 
and has been incriminated to have an initial role in the 
endothelial dysfunction of PE (3). Increase in the level 
of serum beta hCG reflects the placental reaction to PE 
and can be used for both the prediction of development 
and severity of PE. Furthermore, the placental changes 
in PE may also be attributed to the hyperactive 

Summary Early detection and prediction of preeclampsia (PE) may avert serious materno-fetal 
complications. This prospective nested study was conducted to evaluate the role of serum 
beta human chorionic gonadotropin (hCG) and the neutrophil-lymphocyte ratio (NLR) 
in predicting the development and severity of PE. Four hundred and forty primigravidas, 
between 16 to 18 weeks of gestation, were recruited in the study. Serum beta-hCG and 
NLR were measured at the time of recruitment and they were followed and monitored for 
the development of PE and severe PE. Out of these 440 women, 64 (14%) developed PE; of 
which 25 (39%) developed severe PE. The mean values of NLR and serum beta hCG were 
significantly higher in patients developing PE and severe PE. NLR, with a cutoff value of 5.6, 
predicted the development of PE with 73.4% sensitivity and 88.6% specificity and severe 
PE with sensitivity 93.3% and specificity 86.6% respectively. The sensitivity and specificity 
of serum beta hCG in predicting the development of PE was 75% each for a cutoff value of 
25,415 IU/mL whereas these values were 86.7%, and 79.1% respectively, for a cut-off value of 
29,654 IU/mL for predicting the development of severe PE. These findings suggest that NLR 
and serum beta hCG can be used as excellent biomarkers in predicting both the development 
of PE and its severity. Multicentric studies involving subjects of multiple ethnicities should be 
done for establishing its utility as a routine screening test.

Keywords: Preeclampsia, severe preeclampsia, neutrophil-lymphocyte ratio, NLR, beta hCG 

DOI: 10.5582/ddt.2019.01006Original Article

*Address correspondence to:
Dr. Archana Kumari , Department of Obstetr ics and 
Gynaecology, VMMC and Safdarjung Hospital, New Delhi, 
India.
E-mail: drarchanakri@gmail.com



www.ddtjournal.com

Drug Discoveries & Therapeutics. 2019; 13(1):34-37.

inflammatory system. The NLR has been proposed as a 
new indicator of systemic inflammation and shown to 
have prognostic value in cancers and cardiac diseases 
(4). It has also been studied as a novel marker of 
prognosis in patients with PE (2,5). However, its role as 
a predictor of the development and severity of PE hasn't 
been studied elaborately. Hence, we planned this study 
to evaluate the role of both serum beta hCG and NLR 
in predicting the development and severity of PE.

2. Materials and Methods

This prospective nested case-control study was conducted 
in the Department of Obstetrics and Gynecology of a 
tertiary care teaching hospital of India. Primigravida 
women, between 16 to 18 weeks of gestation, attending 
antenatal care clinic and willing to follow up in the 
same hospital were recruited for the study. Women 
with the history of chronic medical illnesses, obesity 
(BMI > 30), smoking, ongoing infection or systemic 
inflammatory infections or any autoimmune disorders 
were excluded from the study. These women were 
followed as per hospital protocol and were monitored for 
the development of PE. 
	 The venous samples of these women were taken 
for measuring beta hCG level and NLR between 16-18 
weeks of gestation. Serum beta hCG was measured by 
the ELISA technique and NLR by automated coulter 
counters. NLR was defined as the absolute neutrophil 
count divided by the absolute lymphocyte count. 
	 PE was diagnosed and classified according to the 
ACOG (2013) definition (6). A patient with systolic 
blood pressure of 140 mm Hg or higher or a diastolic 
blood pressure of 90 mm Hg or higher on two occasions 
at least 6 hours apart occurring after 20 weeks of 
gestation in a pregnant woman with previously normal 
blood pressure and detectable urinary protein (> 1+ by 
dipstick or 0.3 g/24 h and more) was diagnosed to have 
PE. Patients with blood pressure greater than or equal 
to 160/110 mm Hg with/without other evidence of 
severe disease like raised serum creatinine, eclampsia, 
pulmonary oedema, oliguria, fetal growth restriction, 

oligohydramnios and symptoms suggesting significant 
end-organ involvement were diagnosed as having 
severe PE. Women who met the criteria of PE but not 
severe PE were diagnosed as mild PE. Values of NLR 
and serum hCG were correlated with the development 
and severity of PE. 
	 All statistical evaluation of the data was done 
using statistical software, STATA/SE version 14.2 
(StataCorp LP, College Station, TX, USA). Categorical 
variables were presented in number and percentage 
(%) and continuous variables were presented as 
mean ± SD. Normality of data was tested by QQ plot 
and Kolmogorov-Smirnov test. If the normality was 
rejected, then the corresponding non-parametric test 
was used. Quantitative variables were compared using 
the Independent t-test/Mann-Whitney test (when the 
data sets were not normally distributed) between the 
two groups. To find the association between qualitative 
variables, Chi-Square test/Fisher exact test was used. 
Receiver operating characteristic curve was used to find 
out cut off point of β-hCG and NLR for predicting PE 
and severe PE and accordingly sensitivity and specificity 
was calculated. A p value < 0.05 was considered as 
statistically significant. 

3. Results

Out of the 440 women recruited in the study, 64 (14%) 
developed PE of which 25 (39%) developed severe PE. 
The mean values of NLR and serum beta hCG at 16-18 
weeks were found to be significantly higher in patients 
who developed PE (Table 1) and severe PE (Table 2). 
On the basis of receiver operator characteristics (ROC) 
curve, the most discriminant NLR value at 16-18 wks 
for prediction of development of PE was 5.6 which 
gave the highest sensitivity and specificity as 76.4% 
and 88.6% respectively with probability 0.84 i.e. area 
under the curve (AUC) = 0.84). The best cutoff value 
of serum beta hCG at 16-18 weeks for prediction of 
development of PE was 25,415 IU/mL with AUC as 
0.81, sensitivity and specificity both being 75% (Table 
3). Further, for the prediction of development of PE by 
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Table 1. Distribution of the mean values of Serum beta hCG and NLR ratio between 16-18 weeks in normal women and 
women who developed PE

Variable

Beta hCG (IU/mL)
NLR 

Normal women (n = 376), Mean ± SD

19165.03 ± 8044.7
    4.55 ± 0.66

  PE (n = 64), Mean ± SD 

29605.7 ± 8190.83
5.55 ± 0.81

p-value

< 0.001
< 0.001

Table 2. Distribution of the mean values of serum beta hCG and NLR between 16-18 weeks in the women between 16-18 
weeks who developed mild PE and severe PE

Variable

Beta hCG (IU/mL)
NLR 

Mild PE (n = 49), Mean ± SD

27,519.61 ± 7,483.04
  5.39 ± 0.84

Severe PE (n = 15), Mean ± SD

36,420.27 ± 6,703.07
  6.08 ± 0.43

p-value

< 0.001
   0.001
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NLR (7). 
	 In the recent past, only a few studies have evaluated 
the predictive utility of NLR in PE, with inconsistent 
results. In a prospective case-control study, comprising 
of 50 cases of PE and 51 controls, Sachan et al., found 
that NLR had sensitivity and specificity of 53% and 
65% respectively, for predicting non-severe PE cases 
at a cut-off value of > 3.35. Moreover, they found that 
diagnostic accuracy of NLR was significant between 
non-severe PE and severe PE, at a cut-off value of 3.42, 
with a sensitivity of 81% and specificity of 65% (8). A 
couple of other studies have also found a statistically 
significant association between high NLR values and 
PE, however, no statistically significant relationship 
was found between NLR and severity of PE in these 
studies (2,9). Some other studies, however, didn't find 
any statistically significant association between NLR 
and PE (7,10). 
	 In the present study, we found that women who had 
high values of serum beta hCG in the second trimester 
had a significantly higher risk of developing PE in 
the later part of pregnancy. Serum beta hCG, with a 
cutoff value equal to or more than 25,415 IU/mL at 16-
18 weeks of gestation, could predict the development 
of PE with 75% sensitivity and 75% specificity. The 
predictive value of serum beta hCG for development 
of severe PE was even better at the cut off value of 
29,654 IU/mL at 16-18 weeks with 86.7% sensitivity 
and 79.1% specificity. The findings of our study are in 
accordance with another study by Kaur et al., which 
found that the serum beta hCG estimation at mid-
trimester (13-20 weeks) was a good predictor of PE 
and higher levels of beta hCG were associated with 
increased severity of PE (11). Increased beta hCG 
secretion may be attributed to the trophoblastic response 
to hypoxia as a result of defective placental invasion 
that occurs in PE. The undifferentiated cytotrophoblasts 
get transformed to syncytiotrophoblasts in PE, resulting 
in a hypersecretory state of beta hCG (12). This 
describes the linear association between the raised beta 
hCG and the severity of PE. 
	 Few other studies that tried to investigate serum beta 

NLR and serum beta hCG together; the area under the 
curve (AUC) was 0.84 (95% CI 0.77 to 0.90), which is 
equivalent to the prediction by NLR alone.
	 The sensitivity, specificity and AUC of NLR ratio 
and beta hCG for the prediction of development of 
severe PE were very high as compared to that for 
prediction of development of PE. At the cutoff value 
of 5.6, the sensitivity and specificity NLR ratio (at 16-
18 weeks) was 93.3% and 86.6% (AUC = 0.95). The 
sensitivity and specificity of beta hCG at 16-18 weeks 
in predicting the development of severe PE taking the 
cut off value as 29,654 IU/mL were 86.7% and 79.1% 
(AUC = 0.92) as shown in Table 4. For the prediction of 
development of severe PE by NLR and serum beta hCG 
together area under the curve (AUC) was marginally 
improved and was observed as 0.97 (95% CI 0.93 to 
1.0).

4. Discussion

We evaluated NLR and serum beta hCG as potential 
markers for predicting the development of PE and 
its severity in primigravida. Both NLR and serum 
beta hCG were found to be excellent biomarkers in 
predicting the development of PE and its severity. 
NLR, with a cut off value equal to or more than 5.6 
at 16-18 weeks of gestation was found to predict 
the development of PE with 73.4% sensitivity and 
88.6% specificity. The NLR was found even better 
in predicting the severity of PE. The sensitivity and 
specificity of NLR in predicting severe PE was 93.3% 
and 86.6% respectively, for a cut off value of 5.6. 
Raised NLR in PE may be attributed to the secretion of 
proinflammatory cytokines from the hypoxic placenta 
due to the defective trophoblastic invasion, which 
is central to the genesis of PE (4). These cytokines 
stimulate the inflammatory pathway causing free radical 
generation and oxidative stress, thus contributing to 
endothelial injury which leads to the development 
of PE (3). This activation and exaggeration of the 
inflammatory pathway in PE are reflected as increased 
leucocyte counts, mainly neutrophils and thus raised 

Table 3. Distribution of the sensitivity (SN) and specificity (SF) of serum beta hCG and NLR between 16-18 weeks in 
predicting the development of PE

Variable

Beta hCG (IU/mL)
NLR 

 AUC

0.81
0.84

95% Confidence interval

0.76 to 0.86
0.77 to 0.90

SF

75.0
88.6

Cut off

      > 25,415
≥ 5.6

SN

75.0
73.4

Table 4. Distribution of the sensitivity (SN) and specificity (SF) of serum beta hCG and NLR between 16-18 weeks in 
predicting the development of severe PE

Variable

Beta hCG (IU/mL)
NLR 

 AUC

0.92
0.95

95% Confidence interval

0.86 to 0.98
0.90 to 1.00

SF

79.1
86.6

Cut off

    > 29,654
≥ 5.61

SN

86.7
93.3
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hCG levels in the early second trimester to predict the 
subsequent occurrence of PE have yielded contrasting 
results. Karahasanovic et al., found that beta hCG was 
significantly lower in pregnancies that subsequently 
developed PE (13). Raty et al., concluded that maternal 
mid-trimester serum level of free beta-hCG is not 
predictive for the development of PE (14). A couple 
of other studies have found a modest or clinically 
insignificant increase in the risk of developing PE 
among women with abnormal second-trimester levels 
of hCG (15,16). However, there are studies from recent 
past that suggest that elevated hCG levels are associated 
with developing early PE, and measuring levels of beta 
hCG during the second trimester of pregnancy can be 
useful in clinical practice to identify pregnant women 
who will develop PE (17,18).

5. Conclusion

Researchers from different parts of the world are 
looking for biomarkers that can predict the development 
and severity of PE. NLR and serum beta hCG are 
cheap, rapid, non-invasive biochemical markers that 
have been studied in PE. In our study, both NLR and 
serum beta HCG were found to be excellent biomarkers 
in predicting both the development of PE and its 
severity. Multicentric, prospective, large-scale studies 
involving subjects of multiple ethnicities should be 
done for implementation of these markers as a routine 
screening test in pregnancy for predicting PE.
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Effects of coenzyme Q10 supplementation on diastolic function 
in patients with heart failure with preserved ejection fraction
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1. Introduction

The prevalence of heart failure with preserved ejection 
fraction (HFpEF) accounts for more than 50% of 
patients with heart failure (HF) and tends to increase 
with a prognosis as bad as that of HF with reduced 
ejection fraction (HFrEF) (1-6). Till date, no therapy 
has been demonstrated to improve mortality in patients 
with HFpEF including several large prospective, 
randomized controlled trial such as angiotensin 

converting enzyme inhibitor (ACE-I) perindopril (PEP-
CHF) (7), angiotensin II receptor blockers (ARBs) 
candesartan (CHARM-Preserved) (8) and irbesartan 
(I-PRESERVE) (9), aldosterone receptor blockers 
spironolactone (TOPCAT (10) and Aldo–DHF (11)), 
and beta blocker (SENIORS) (12). 
	 Recent studies have shown that bioenergetic 
deficiency is involved in the pathophysiology of HFpEF 
and that these changes lead to myocardial remodeling 
and dysfunction (13). Patients with HFpEF show 
abnormalities in myocardial energetics in the formation 
of adenosine triphosphate (ATP) and movement 
between phosphocreatine and ATP through creatine 
kinase reactions. Phan et al. (14,15) found a significant 
reduction in the phosphocreatine/ATP ratio of patients 
with HFpEF compared to that in controls. 

Summary Heart failure with preserved ejection fraction (HFpEF) is a leading cause of morbidity and 
mortality without an established treatment. Diastolic dysfunction, the hallmark of HFpEF, 
is associated with altered myocardial bioenergetics. No previous study has examined the 
effects of coenzyme Q10 (CoQ10) on left ventricle (LV) diastolic function in patients with 
HFpEF. We investigated whether CoQ10 could improve LV diastolic function in patients 
with HFpEF. We performed a randomized controlled trial (RCT) using pretest and posttest 
control groups of 30 patients with HFpEF. The patients received either CoQ10 100 mg three 
times a day or no CoQ10 in addition to routine treatment for 30 days. Echocardiographic 
study was performed at baseline and follow-up. LV diastolic function was evaluated by two 
dimensional and Doppler echocardiography as follows; average E/e׳, septal and lateral e׳ 
velocity, and left atrium volume index (LAVI). A total of 28 patients completed the study. A 
statistically significant improvement was observed in the CoQ10 treatment group in terms 
of average E/e׳ ((3.8) 18.9 vs. 15.1 (4.3); p < 0.01) and LAVI (32 (9) mL/m2 vs. 26 (7) mL/m2; 
p < 0.05) and in the control group (18.4 (3.1) vs. 15.8 (5.6); p < 0.05) and (33 (7) mL/m2 vs. 
30 (8) mL/m2; p < 0.05, respectively). However, there was no difference in change reduction 
between groups (∆E/e3.6 ‒ ׳ vs. ‒ 2.4; p = 0.28) and (∆LAVI ‒ 5.4 vs. ‒ 4.4; p = 0.83). Short 
term CoQ10 supplementation provided no additional benefits in improving LV diastolic 
function in patients with HFpEF.
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	 Coenzyme Q10 (CoQ10) or ubiquinone is a cofactor 
that plays a critical role in facilitating the production 
of ATP by participating in redox reactions within the 
electron transport chain in the mitochondria. In addition, 
CoQ10 is a potent antioxidant (16). Previous studies 
reported that CoQ10 increased left ventricular ejection 
fraction (LVEF), improved proinflammatory mediators, 
reduced oxidative stress, and increased myocardial 
bioenergetics (17,18). However, to our knowledge, 
no previous study has evaluated the effect of CoQ10 
supplementation on the diastolic function in patients 
with HFpEF. Only one clinical trial evaluated the use of 
CoQ10 in patients with hypertrophic cardiomyopathy 
with diastolic dysfunction (19). The aim of this study 
was to determine whether CoQ10 could improve LV 
diastolic function in patients with HFpEF. 

2. Materials and Methods

2.1. Trial design

This study was a single-center, unblinded, randomized 
controlled clinical trial, that enrolled patients from 
Dr. Kariadi Hospital, Semarang, Indonesia. The trial 
was conducted in accordance with the principles of 
the Declaration of Helsinki, Good Clinical Practice 
guidelines, and local and national regulations. Written 
informed consent was provided by all patients before any 
study-related procedures were performed.

2.2. Participants

The complete eligibility criteria for participants are 
described in Table 1.

2.3. Study drug administration and study procedures

Eligible patients were randomly assigned to receive 

either CoQ10 100 mg three times a day or no coenzyme 
Q10 in addition to routine treatment for 30 days. The 
randomization ratio according to permuted blocks was 1:1 
for CoQ10 or without CoQ10. Use of standard therapies 
for controlling the risk factors and symptoms control was 
at the discretion of treating physicians and required to be 
unchanged within the 4 weeks prior to randomization. 
	 Echocardiography. A detailed echocardiography was 
performed as described previously (20,21). Diastolic 
dysfunction was prospectively identified and graded by 
a prespecified algorithm defined in the study protocol 
and diagnostic criteria for HF with normal EF were used 
according to current guidelines of the American Society 
of Echocardiography (ASE) or the European Association 
of Cardiovascular Imaging (EACVI). 
	 All patients underwent physical examination, 
echocardiography, and blood sampling at baseline and 
1-month follow-up visits.

2.4. Study objectives and end points

The primary objective of this trial was to determine 
whether CoQ10 is superior to routine treatment in 
improving the diastolic function in patients with HFpEF. 
The diastolic function was assessed by the changes in 
septal and lateral e׳, ratio E/e' mitral, and LAVI at 1 
month. Additional secondary endpoints included changes 
in echocardiographic measures of cardiac function and 
remodelling. Clinical tolerability was assessed as the 
safety endpoint. 

2.5. Statistical analysis

The Kolmogorov-Smirnov test was used to assess 
normality. For continuous variables with normal 
distribution, the data are presented as mean ± standard 
deviation, and variables without normal distribution, are 
reported as median and interquartile range (IQR). The 
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Table 1. Eligibility criteria for study participants

Inclusion Criteria:
1. Men or women aged ≥ 45 years old;
2. Typical symptoms and signs of chronic heart failure (CHF) (New York Heart Association Class 2-3);
3. Left ventricular ejection fraction on echocardiography (LVEF ≥ 50%);
4. Evidence of diastolic dysfunction on non-invasive imaging based on ASE/EACVI guideline (diastolic dysfunction of at least grade 1 (E/A ≤ 

0.8 + E > 50 cm/s or E/A > 0.8 < 2) with “requirement of at least one of the following criteria: (1) septal e7 > ׳ cm/sec or lateral e < 10 cm/s, 
(2) average E/e' > 14, (3) LA volume index > 34 mL/m2, and (4) TR velocity > 2.8 m/s;

5. Stable medical therapy for 4 weeks prior to randomization; 
6. Informed consent available. 

Exclusion Criteria:
1. Chronic atrial fibrillation;
2. Acute coronary syndrome or coronary revascularization within 60 days;
3. Clinically significant valvular disease;
4. Significantly low systolic blood pressure (< 100 mmHg) or high blood pressure; 
5. Patients with a prior LVEF < 40%; 
6. Known infiltrative cardiomyopathy (e.g. amyloidosis), hypertrophic cardiomyopathy or chronic pericardial disease;
7. Dyspnea or edema due to non-cardiac causes such as pulmonary disease, and anemia (Hb < 8.0 g/dL); 
11. Inability or refusal to provide informed consent; 
12. Poor echocardiographic recordings.  
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therapy without CoQ10. One patient each from the 
control group and the treatment group dropped out due 
to exacerbations of heart failure and acute coronary 
syndrome (Figure 1). 
	 Among the 30 study patients analyzed, there was no 
difference in the demographic characteristics between 
the two groups in terms of sex, age, and body mass 
index (BMI). Eight patients (53.3%) were females in 
the CoQ10 group, and the control group had 7 female 
patients (46.7%) (p = 0.71). The mean age was 64 ± 10 
years in the CoQ10 group and 61 ± 7 years in the control 
group (p = 0.31). 
	 As shown in Table 2, there were no differences in 
baseline clinical characteristics between the control and 
CoQ10 groups, which included a history of comorbid 
disease, symptoms and signs of heart failure, physical 
examination, laboratory parameters, and prescribed 
medical therapy. The frequency of hypertension history 
was extremely high (93.3%) in all samples. Blood 
pressure measured at the time of recruitment was fairly 
controlled (mean systolic/diastolic pressure was 133/79 
mmHg) with no difference between the two groups. 
Shortness of breath during activity (DOE = dyspnea on 

categorical variables are presented as absolute numbers 
and percentages. The groups were compared using two-
tailed unpaired Student's t test for variables with normal 
distribution and Wilcoxon test for variables without 
normal distribution. P values < 0.05 were considered as 
statistically significant.

3. Results

3.1. Basic demographic and clinical characteristics

A total 51 subjects met the inclusion criteria, of whom 
21 patients were excluded due to moderate or severe 
mitral regurgitation (10 patients), chronic renal failure 
with Hb < 8 g/dL (4 patients), moderate or severe 
pericardial effusion (3 patients), atrial fibrillation 
(2 patients), and post-treatment of acute coronary 
syndrome within 2 months (2 patients). The remaining 
30 patients were randomized by permuted blocks and 
divided into two groups, which included 15 patients 
in the treatment group receiving routine therapy plus 
CoQ10 100 mg three times a day (CoQ10 group), 
and 15 patients in the control group receiving routine 

Figure 1. Participant Flow. Flow diagram showing participant flow in the study. The study is a before-and-after study with a 
comparison group (control group). aExcluded according to exclusion criteria listed in Table 1; b,cDropped-out due to exacerbation of 
heart failure and acute coronary syndrome events.
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effort) was the most commonly complained symptom 
(86.7%). 
	 Basic blood laboratory parameters showed no 
difference between the groups in terms of hemoglobin 
concentration, creatinine, total cholesterol and HbA1c 
levels. The mean hemoglobin concentration was 12.1 ± 
1.5 g/dL in the CoQ10 group and 12.9 ± 1.6 g/dL in the 
control group (p = 0.19), while the mean total cholesterol 
levels were 181 ± 36 and 187 ± 43 mg/dL (p = 0.68), 
respectively. Renal function assessed by creatinine levels 
was similar between the CoQ10 group (1.6 ± 0.88) 
mg/dL) and the control group (2.0 ± 2.2) (p = 0.90). 
Regarding medical therapy prescription, the majority of 
patients received ACE-I or ARBs (100%), beta-blockers 
(80%), and spironolactone (26.7%). Other drugs that 
were administered included calcium antagonists (43.3%), 
antiplatelets (70%), statins (70%) and antidiabetic 
(56.7%). There was no significant difference in medical 
therapy prescription between the two groups.

3.2. Basic echocardiogram characteristics 

Echocardiographic examination showed no significant 
differences between groups (Table 3). The mean LVEF 
did not differ between the CoQ10 group (55% ± 5%) 

and the control group (58% ± 8%) (p = 0.32). Regarding 
left ventricular structure, all patients had normal left 
ventricular diameter (mean LVIDd 49 ± 8 mm and 
LVIDs 33 ± 8 mm), with concentric remodeling or 
increased left ventricular mass in male (143 ± 37 g/m2) 
and female (145 ± 34 g/m2) patients of the CoQ10 group 
and in male (135 ± 27 g/m2) and female (129 ± 32) g/m2) 
patients of the control group.
	 Left ventricular diastolic function showed a lower E/
A ratio in the CoQ10 group than that in control group 
(0.94 ± 0.3 vs. 1.24 ± 0.4), however, the difference was 
not significant (p = 0.06). Tissue Doppler imaging (TDI) 
E' showed a similar decrease in either septal (4.2 ± 1.2 
vs. 4.8 ± 1.0) cm/s; p = 0.13) or lateral (5.5 ± 1.2 cm/
s vs. 6.6 ± 1.8 cm/s; p = 0.08) in the CoQ10 and control 
groups. The increase in left ventricular filling pressure 
was indicated by an increased the E/e' ratio in the CoQ10 
group (18.9 ± 3.8) and in the control group (18.4 ± 3.1), 
however, the difference was not significant (p = 0.67). 
Left atrium volume index (LAVI) was increased by ≥ 34 
mL/m2 among 50% of patients, with a mean LAVI of 32 
± 9 mL/m2 in the CoQ10 group and 33 ± 7 mL/m2 in the 
control group. 
	 Among 10 patients (33.3%), out of 30 studied 
patients, the speed of tricuspid regurgitation could be 

Table 2. Demographic and clinical baseline characteristics

Characteristics

Demographics
     Age, mean (SD), y
     Female, %
Medical history, %
     Hypertension
     Diabetes mellitus
     CAD
Sign and symptom, %
     DOE
     PND
     Fatique
     Peripheral edema
Physical examination, Mean (SD)
     BMI
     Heart rate
     Systolic BP
     Diastolic BP
Laboratorymeasurement Mean (SD)
     Hemoglobin, g/dL
     Creatinine, mg/dL
     Creatinine clearance
     Total Cholesterol
     HbA1c
Current medications, %
     ACE-I
     ARB
     Beta blockers
     Spironolactone
     CCB
     Antiplatelets
     Statin

Total (n = 30)

62 (8)
50.0

93.3
73.3
63.3

86.7
23.3
66.7
36.7

24.8 (2.8)
75 (11)
133(11)
79(9)

12.5 (1.6)
1.8(1.7)
47(22)
185(39)
7.8(2.0)

6.7
93.3
80.0
26.7
43.3
70.0
76.7

Control Group (n = 15)

61 (7)
46.7

100.0
66.7
53.3

73.3
26.7
73.3
40.0

24.3 (2.4)
76 (13)
129 (12)
78 (9)

12.1 (1.5)
2.0(2.2)
47(22)
181(36)
7.7 (2.2)

6.7
93.3
80.0
26.7
40.0
66.7
80.0

*Significance value p < 0.05; aun-paired t-test; bNon-parametric Mann-Whitney test; cchi-square test; dFisher's-exact test; SD: standard deviation; 
ACEi: angiotensin converting enzyme inhibitor; ARB: angiotensin receptor blocker; BMI: body mass index; BP: blood pressure; CCB: calcium 
channel blocker; CAD: coronary artery disease; DOE: dyspnea on exertion; PND: paroxysmal nocturnal dyspnea. 

Coenzyme Q10 (n = 15)

64 (10)
53.3

86.7
80.0
73.3

100.0
20.0
60.0
33.3

25.3 (3.2)
74 (10)
137(8)
81 (10)

12.9(1.6)
1.6 (0.8)
46(23)
187(43)
7.9(1.9)

6.7
93.3
80.0
26.7
46.7
73.3
73.3

P value

0.31a

0.71c

0.48d

0.68d

0.25c

0.10d

1.00d

0.43c

0.70c

0.34a

0.68a

0.08b

0.38b

0.19a

0.90b

0.88a

0.68a

0.46b

1.00d

1.00d

1.00d

1.00d

0.71c

1.00d

0.42d
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measured and only 4 patients (13.3%) with a TR Vmax 
of > 2.8 m/s. Other valvular abnormalities found among 
patients were mild mitral regurgitation (46.7%) and mild 
aortic regurgitation (13.3%). 

3.3. Comparison of pre versus post echocardiography 
findings between the groups

Pre and post-echocardiographic studies revealed no 
significant differences in left ventricular function and 
structure in either CoQ10 or control group. The mean LV 
ejection fraction was not significantly different between 
the initial value: (55% ± 4% compared to the final value 
56% ± 8%; p = 0.73). Left ventricular mass index (LVMI) 

also showed no significant differences (144 ± 34 vs. 129 
± 31 g/m2; p = 0.08). 
	 As for left ventricular diastolic function, CoQ10 
administration decreased E/e' ratio from 18.9 ± 3.8 
to 15.1 ± 4.3 (p = 0.002) and left atrial volume index 
(LAVI) from 32 ± 9 to 26 ± 7 mL/m2 (p = 0.049). 
Regarding other diastolic function parameters, CoQ10 
administration did not significantly increase the TDI e' 
septal value (4.2 ± 1.2 vs. 4.3 ± 1.1; p = 0.61), and even 
the lateral TDI value tended to decrease (5.5 ± 1.2 vs. 
5.1 ± 1.0) cm/s; p = 0.23). As in the control group, left 
ventricular diastolic function improved as characterized 
by a decrease in the E/e', and the LAVI index and a 
significant decrease in E velocity (Table 4).

Table 3. Baseline echocardiographic characteristics

Characteristics

LV diastolic function
     E/e׳ ratio
     Medial e׳, cm/s
     Lateral e׳, cm/s
     E velocity, m/s
     E/A velocity ratio
     Decelaration t, ms
     LAVI, mL/m2

LV systolic function
     LVEF biplane,%
     LVIDd, mm
     LVIDs, mm
LV structure
     LVMI, g/m2

     Men
     Women

Total (n = 30)

18.6 (3.4)
4.5 (1.1)
6.0 (1.6)
87 (22)

1.09 (0.5)
186 (50)
33 (8)

56 (7)
49 (8)
33 (8)

138 (31)
139 (31)
137 (33)

Control Group (n = 15)

18.4 (3.1)
4.8 (1.0)
6.5 (1.8)
92 (23)

1.24 (0.4)
182 (47)
33 (7)

58(8)
49 (9)
33 (9)

132 (29)
135 (27)
129 (32)

*Significance value p < 0.05; aun-paired t-test; bNon-parametric Mann-Whitney test; SD: standard deviation; LV: left ventricle; LAVI: left atrium 
volume index; LVEF: left ventricular ejection fraction; LVIDd: left ventricle internal diameter diastolic; LVIDs: left ventricle internal diameter 
systolic; LVMI: left ventricle mass index.

Coenzyme Q10 (n = 15)

18.9 (3.8)
4.2 (1.2)
5.5 (1.2)
82 (21)

0.94 (0.3)
190 (55)
32 (9)

55 (4)
48 (8)
33 (6)

144 (34)
143 (37)
145 (34)

P value

0.67a

0.13a

0.08a

0.15a

0.06a

1.00a

0.88a

0.32b

0.27a

0.42a

0.33a

Table 4. Echocardiography results after 1 month

Measurements

Diastolic Function
     E/e׳ ratio
     Medial e׳, cm/s
     Lateral e׳, cm/s
     E velocity, m/s
     E/A velocity 
     Decelaration t, ms
     LAVI, mL/m2

Systolic Function
     LVEF,%
     LVIDd, mm
     LVIDs, mm
     GLS
Other Variable
     LVMI, g/m2

     Men
     Women

Pre (n = 15)

18.4 (3.1)
4.8 (1.0)
6.5 (1.8)
92 (23)

1.24 (0.5)
182 (47)
33 (7)

58(8)
49 (9)
33 (9)

132 (29)
135 (27)
129 (32)

Post (n = 14)

15.8 (5.6)
4.8 (1.6)
5.5 (1.7)
75 (18)

1.08 (0.5)
197 (46)
30 (8)

57 (7)
49 (8)
32 (8)

16.0 (3.3)

131 (43)
121 (33)
145 (54)

*Significance value p < 0.05; anon-parametric Wilcoxon test; bpaired t-test. SD: standard deviation; LV: left ventricle; LAVI: left atrium volume 
index; LVEF: left ventricular ejection fraction; LVIDd: left ventricle internal diameter diastolic; LVIDs: left ventricle internal diameter systolic; 
LVMI: left ventricle mass index.

P value

0.04a*
0.70b

0.06b

0.01b*
0.46a

0.17b

0.02b*

0.82a

0.53b

0.26b

0.71a

Pre (n = 15)

18.9 (3.8)
4.2 (1.2)
5.5 (1.2)
82 (21)

0.94 (0.3)
190 (55)
32 (9)

55 (4)
47 (7)
33 (8)

144 (34)
143 (37)
145 (34)

Post (n = 14)

15.1 (4.3)
4.3 (1.1)
5.1 (1.0)
71 (20)

0.82(0.3)
169 (45)
26 (7)

56 (8)
48 (9)
33 (8)

16.5 (4.4)

129 (37)
117 (35)
140 (38)

P value

0.00b*
0.61b

0.23b

0.12a

0.55b

0.66a

0.04b*

0.73a

0.37b

0.27b

0.08b

Control                                                                              Coenzyme Q10
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3.4. Differences and changes in echocardiographic 
findings of the CoQ10 and control groups 

Administration of CoQ10 improved two parameters 
of left ventricular diastolic function, but the difference 
was not significant compared with those in the control 
group (Table 5). The E/e׳ ratio was also not significantly 
different between the CoQ10 and control groups (15.1 
± 4.3 vs. 15.8 ± 5.6; p = 0.85). Similarly, there was no 
significant difference in LAVI between the two groups 
(26 ± 7 vs. 30 ± 8) mL/m2, p = 0.72). TDI e' septal and 
e' lateral showed no differences between the two groups, 
respectively (4.3 ± 1.1 vs. 4.8 ± 1.6 cm/s; p = 0.36) and 
(5.1 ± 1.0 vs. 5.5 ± 1.7 cm/s; p = 0.42, respectively) after 
1 month of treatment. Administration of CoQ10 also did 
not affect left ventricular function parameters as assessed 
by LVEF and LVMI, which showed no differences 
between the groups. Although CoQ10 reduced the E/e' 
ratio by 1.14 (Δ ‒ 3.6 vs. ‒ 2.4; p = 0.28) and LAVI by 
1.07 mL/m2 (Δ ‒ 5.4 vs. ‒ 4.4; p = 0.83), and increased 
e' septal by 0.05 (Δ 0.2 vs. 0.1, p = 0.88), the difference 
was not statistically significant when compared with the 
values in the control group (Figure 2).

4. Discussion

In this study, the baseline characteristics of patients 
with HFpEF were a mean age ≥ 60 years, an equal 
number of men and women, and the dominant risk 
factors being hypertension ≥ 90% of patients, followed 
by diabetes mellitus and coronary artery disease (CAD). 
Compared with major studies such as TOPCAT (10), 
I-PRESERVE (9), CHARM-Preserved (8), PEP-CHF 
(7) and SENIORS (12); the patients in this study tended 
to be younger and had a higher frequency of diabetes 

mellitus.
	 Compared with the characteristics of patients with 
HFpEF in Southeast Asian countries as reported by 
MacDonald et al. (22), among Singaporean citizens 
with a variety of ethnic or racial backgrounds, a similar 
trend of slightly younger patients and slightly higher 
prevalence of CAD and diabetes was observed also in 
the present study. Another tendency of difference was 
found in medicine use, wherein more ACE-I or ARBs 
were administered in this study. Diastolic dysfunction 
evaluated using echocardiographic parameters also 
showed higher baseline data in terms of E/e' ratio (18.6 
± 3.4) than that reported by other studies that also used 
echocardiographic parameters to assess the effect of 
tested drugs, such as the Aldo-DHF study (mean medial 
E/e' 12.8 ± 4) (11).

Table 5. Post echocardiographic and ∆ changes between control and coenzyme Q10 groups

Parameter

Diastolic function
     E/e׳ ratio
     Medial e׳, cm/s
     Lateral e׳, cm/s
     E velocity, m/s
     E/A velocity ratio
     Decelaration t, ms
     LAVI, mL/m2

Systolic function
     LVEF,%
     LVIDd, mm
     LVIDs, mm
Other variable
     LVMI, g/m2

     Men
     Women

Control (14)

15.8 (5.6)
4.8 (1.6)
5.5 (1.7)
75 (18)

1.08 (0.5)
197 (46)
30 (8)

57 (7)
49 (8)
32 (8)

131 (43)
121 (33)
145 (54)

Coenzyme Q10 (14)

15.1 (4.3)
4.3 (1.1)
5.1 (1.0)
71 (20)

0.82(0.3)
169 (45)
26 (7)

56 (8)
48 (9)
33 (8)

129 (37)
117 (35)
140 (38)

*Significance value p < 0.05; anon-parametric Mann-Whitney test; bun-paired t-test. SD: standard deviation; LV: left ventricle; LAVI: left atrium 
volume index; LVEF: left ventricular ejection fraction; LVIDd: left ventricle internal diameter diastolic; LVIDs: left ventricle internal diameter 
systolic; LVMI: left ventricle mass index. 

P value

0.85a

0.36b

0.42b

0.61b

0.10a

0.11b

0.18b

0.54a

0.76b

0.76b

0.76a

0.77a

0.94a

∆ changes

‒1.14
0.05
0.48
0.05
0.07
‒30.9
‒1.07

1.99
0.03
1.59

‒12.4

P value

0.28a

0.88b

0.39b

0.58b

0.94a

0.37a

0.72b

1.00a

1.00b

0.43b

0.78a

Post                                                                           Coenzyme Q10-Control

Figure 2. Comparisons of pre-post ∆ changes of diastolic 
function between groups. P values describe comparisons 
of the changes of diastolic function the control or CoQ10 
group. No additional improvement by CoQ10 after 1 month 
treatment.
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	 In this study, plasma CoQ10 levels were not 
measured during the study; therefore, the initial level 
and the level after treatment could not be confirmed. 
However, using the same dosage and a coenzyme 
preparation of Q10 in a soft gel capsule form, Hosoe 
et al. (23) showed that daily administration of CoQ10 
300 mg for 4 weeks to healthy individuals increased 
plasma CoQ10 levels by seven-fold from 0.66 to 7.28 
μmol/L. Similarly, Belardinelli et al. (24) reported that 
administration of CoQ10 300 mg per/day for 4 weeks 
to patients with heart failure increased plasma CoQ10 
from 0.95 to 3.764 μmol/L. Although the administered 
dose is the same, the probability of a lower response 
of CoQ10 levels may occur due to the influence of 
the factors of older age, the degree of severity of 
heart failure, and the use of statin drugs. Mortensen 
et al. (25) found that administration of pravastatin 
and lovastatin decreased the levels of CoQ10 from 
week 6, while the CORONA study evaluating CoQ10 
levels by administering statins simultaneously showed 
a significant decrease in CoQ10 levels, however, the 
clinical outcomes were not affected (26). In addition, 
the CORONA study showed that serum concentrations 
of CoQ10 were lower in older patients and patients 
with more severe degree of heart failure. In the present 
study, the mean age of the CoQ10 group tended to be 
older (64 ± 10 vs. 61 ± 7 years) than that of the control 
group, but there was no difference in the percentage of 
use and the type of statin administered.
	 In this study, administration of CoQ10 to patients 
with HFpEF within 1 month showed improved diastolic 
function, but it was not significantly different from the 
control group. There were no significant differences 
in the echocardiographic parameters such as E/e', 
e' septal, e' lateral, and LAVI. To date, no studies 
have assessed the effects of CoQ10 administration 
on left ventricular diastolic function in patients with 
HFpEF. Adarsh et al. (19) evaluated patients with 
hypertrophic cardiomyopathy with diastolic heart 
failure and without history of prolonged hypertension, 
showed that co-administration of CoQ10 may improve 
diastolic function and decrease the severity of mitral 
regurgitation due to reduced LVOT gradient and left 
ventricular and posterior left ventricular mass index. 
This difference in outcomes might be due to the 
different samples characteristics, wherein the present 
study did not include patients with hypertrophic 
cardiomyopathy, and a shorter time of CoQ10 
administration (1 month vs. 14 months). Different 
results were also reported in the Q-SYMBIO study 
involving 7% among a total of 420 patients with LVEF 
≥ 45%, suggesting a lower trend of major adverse 
cardiovascular events (MACE) in patients with LVEF 
≥ 30% (27). Interestingly, although there was no 
significant difference between the control group and 
the CoQ10 after 1 month of treatment in the present 
study, there was an improvement in the E/e', E velocity, 

and LAVI parameters at the end of the study (post). 
These results can be interpreted as follows; CoQ10 
administration does not provide additional benefits of 
improvement in diastolic function and there are other 
factors that provide a major contribution, including 
possibly the influence of routine medication received 
by the study patients. This study showed that patients in 
each study group received ACE-I or ARB, beta-blockers 
and spironolactone. Previous studies confirmed that 
ARB (28,29), beta blockers (30,31) and spironolactone 
(11); improved diastolic dysfunction. Valsartan may 
decrease isovolumic relaxation time (IVRT) (28) 
while azilsartan decreases the E/e' ratio (29). In the 
Swedish Doppler-echocardiographic study (SWEDIC), 
Bergstrom et al. (30) demonstrated that administration 
of carvedilol improved the E/A ratio, especially in 
patients with a heart rate more than 71 times per 
minute. Long-term beta-blocker use can also play an 
important role in delaying the development of HFpEF 
in hypertensive patients with diastolic dysfunction as 
reported by Gu et al. (31) who observed that in 7 years, 
only 6.0% of patients using beta-blockers developed 
HFpEF, whereas 13.2% of those not using beta-blocker 
developed HFpEF. Edelman et al. (11) in the Aldo-
DHF study revealed that spironolactone decreased the 
E/e' ratio and induced reverse remodeling by lowering 
the left ventricular mass index. Another drug that 
can ameliorate diastolic dysfunction is metformin. 
Metformin use in diabetic patients with a mean 
LVEF of 45% improved left ventricular relaxation by 
decreasing IVRT and increasing e' velocity compared to 
those by insulin and sulfonylurea drugs (32).
	 CoQ10 administration was found to be relatively safe 
and well tolerated in patients with HFpEF. This can be 
observed from the level of adherence in taking CoQ10 
(94% of patients along with medication for an average 
of 28.2 days). During this study period, no allergies or 
severe side effects of CoQ10 were found. Three patients 
each complained of nausea, diarrhea, and palpitation 
at the beginning but then the complaints were not felt 
anymore. However, none of these patients stopped taking 
CoQ10. This is relevant to previous studies that CoQ10 
was safe enough to be administered to patients with heart 
failure even for longer periods (27). 
	 In conclusion, short-term CoQ10 supplementation 
provided no additional benefit to the improvement of left 
ventricular diastolic function in patients with HFpEF. 

Limitations 

There are several potential limitations to be acknowledged 
in this study. First, no blood plasma CoQ10 measurements 
were taken to assess the changes or increased level of 
CoQ10. Second, the short duration of administration 
of CoQ10, 30 days in this study, may indicate that the 
treatment response was not maximal and an optimal effect 
could not be obtained.
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1. Introduction

In aging societies, nursing homes that provide 24-hour 
functional support to frail elderly residents (1), who 
require assistance due to diminished capacity, play an 
important role in end-of-life (EOL) care. In Japan, EOL 
care in nursing homes has gradually increased over 
the past decade (2-4). However, approximately 30% 
of facilities continue to transfer residents to hospitals 
for EOL care (2,4). In the remaining 70% of facilities, 
approximately 40% of the residents receive EOL care 
and ultimately die in hospitals rather than in nursing 

homes (2,4). Thus, residents may be transferred to 
hospitals against their wishes for EOL care.
	 Multidisciplinary care is a requirement of EOL 
care in nursing homes. However, providing EOL care 
overnight is challenging. Nurses in nearly all nursing 
homes work on-call shifts during the evenings (5). 
Professional caregivers in nursing homes usually perform 
EOL care without assistance during the nighttime (6). 
Thus, the professional caregiver's role may be practically 
the most important. Professional caregivers who do not 
have sufficient experience with EOL care have fears 
about EOL care (7). Thus, multidisciplinary care is 
essential to prevent unnecessary anxiety in nighttime 
professional caregivers who are inexperienced with EOL 
care. 
	 EOL care conferences were introduced in the 
Japanese guidelines for EOL care in nursing homes 
(8), which state that such conferences promote 
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three nursing homes performed the conferences. The outcome was the amount of EOL care 
provided in nursing homes after adjusting for the facility beds in 2014. We investigated the 
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were conducted, review conferences after EOL care, and professional participants in the 
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communication among multidisciplinary professionals 
through the sharing of information regarding the 
residents' condition and the wishes of the residents or 
their families regarding EOL care. Specifically, these 
conferences provide the opportunity to discuss the 
goals of EOL care, care planning, and the role of each 
discipline in EOL care for the resident. Participants in 
the EOL care conference include the physician, nurse, 
professional caregiver, care manager, social worker, 
resident (if possible), and resident's family. 
	 In our previous study, we revealed that EOL care 
conferences are related to increased EOL care in nursing 
homes (2). However, the importance of EOL care 
conferences remains poorly understood worldwide. 
Studies investigating the details of EOL care conferences 
are limited. Therefore, we conducted this study to 
clarify the conference factors associated with increased 
EOL care among nursing homes performing EOL care 
conferences.

2. Materials and Methods

2.1. Design, setting and participants

We analyzed cross-sectional data acquired in 2014 
from our previous longitudinal survey (2). The survey 
was conducted using a questionnaire based on our 
pilot study, which included face-to-face interviews 
with nursing home staff. After sending several requests 
by fax or phone to non-responsive nursing homes, all 
questionnaires were returned to our office by May 2016. 
Among the responding nursing homes, the facilities 
with EOL care conferences were enrolled in this study. 
The targeted nursing homes included all 378 facilities 
in Kanagawa Prefecture, Japan (Figure 1). Kanagawa 
Prefecture is a city adjacent to Tokyo with a population 
of 9.1 million; it had an elderly population rate of 
22.5% in 2014. Kanagawa Prefecture is projected to 
experience the highest increase in the elderly population 
rate over the next 20 years. The present study focused 
on facilities holding EOL care conferences.

2.2. Measurements

The outcome was the amount of EOL care provided 
in nursing homes, which was assessed in terms of the 
number of residents dying in nursing homes per 100 
beds in the facilities in 2014. The independent factors 
included the nurses' experience with EOL care; the care 
managers' experience with EOL care; the professional 
caregivers' experience with EOL care; the frequency of 
EOL care conferences; the number of years the EOL 
care conferences were conducted; review conferences 
after providing EOL care; and the professionals 
among the participants, which included the doctor, 
facility director, nurse, care manager, professional 
caregiver, nutritionist, social worker, and family. The 

nurses, care managers, and professional caregivers 
are the main participants in the EOL care conferences. 
Their experience with EOL care is important in the 
conference. Thus, we included their experience with 
EOL care as the content of the conference. In the 
questionnaire, we assessed experience with EOL care 
using the following three categories: no experience, 
from one to four experiences, and five or more 
experiences. Review conferences after EOL care were 
defined as multidisciplinary professionals discussing 
and reviewing EOL care after the resident's death.

2.3. Ethical considerations

The study was approved by the institutional review 
boards of the university (No. A140522015, approved 
on 24 July 2014). The consent of the nursing home 
facilities was implied and documented by the return of 
the questionnaires.

2.4. Statistical analysis

A univariate analysis was performed using t-tests 
for two groups and one-way analysis of variance 
(ANOVAs) for three or more groups. A multivariate 
analysis was conducted using a linear regression model. 
In the multivariate analysis, the independent factors 
included whether the participants had more than 5 
experiences with EOL care, whether the conferences 
were held weekly, and whether the conferences 
continued for more than 5 years. All analyses in this 
study were performed using International Business 
Machines Corporation (IBM) SPSS Statistics version 

48

Figure 1. Flow diagram of nursing homes for study 
inclusion.
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(adjusted β coefficient 3.8, 95% CI 0.46 ~ 7.05, p = 
0.026), and family participation (adjusted β coefficient 
‒4.0, 95% CI ‒7.50 ~ ‒0.48, p  = 0.026) were 
significantly associated with the number of residents 
dying in the nursing homes (Table 2).

J21 (IBM, Tokyo, Japan). A p-value < 0.05 was 
considered statistically significant in all analyses.

3. Results

Among all 378 nursing home facilities in the prefecture, 
237 facilities (62.7%) responded after a reminder by 
fax or phone, and the remaining 141 nursing homes 
(37.3%) did not respond. Data were missing from 30 
nursing homes. Among the available 207 facilities, 
54 facilities held no EOL care conferences (Figure 1). 
Ultimately, 153 nursing homes (40.5%) were included 
in the present study, representing 73.9% of responding 
nursing homes performing EOL care conferences. 
	 Of these 153 facilities, 121 facilities (79.1%) were 
established before 2005. The mean elderly population 
rate in the area in which these facilities were located 
was 23.7% (standard deviation (SD): 3.2%), and the 
mean number of hospital beds per 10 million inhabitants 
in the facilities' regions was 806.8 (SD: 216.2). Sixty-
two facilities (40.8%) used unit care, which generally 
requires all single rooms with a common living and 
dining room per 10 beds in a facility. Eleven (7.2%) 
doctors worked full time on site, and 69 doctors (45.1%) 
were on call for emergency care during the nighttime. 
The mean number of nurses was 6.6 (SD: 2.6), the 
mean number of full-time nurses on site was 3.4 (SD: 
1.5), and 128 facilities (84.8%) adopted a nurse on-
call system during the nighttime. The number of full-
time nurses was few, and there was no nurse during the 
nighttime in almost all the nursing homes. If nurses' 
opinions are needed during the nighttime, professional 
caregivers or other staff will call on-call nurses in 
almost all facilities. Regarding the basic policies for 
EOL care, 122 (79.7%) facilities provided EOL care in 
the nursing home, 15 (9.8%) facilities transferred the 
residents to a hospital, and 16 (10.5%) facilities had 
no explicit policy. In total, 119 (77.8%) nursing homes 
adopted an EOL care bonus, and 14 facilities were 
preparing for this bonus in the near future.
	 The results of the univariate analysis of the EOL 
care conference factors associated with the amount 
of EOL care provided in nursing homes are shown in 
Table 1. Among the factors involving experience with 
EOL care, the experience of the nurses (p = 0.020) and 
professional caregivers (p = 0.020) was significantly 
associated with the amount of EOL care provided in 
the nursing homes. No significant results were detected 
in the factors involving the content of the conference. 
Among the factors involving the participants in 
the conference, family enrollment (p = 0.020) was 
significantly associated with decreased EOL care in the 
nursing homes.
	 In the multivariate analysis, the nurses' experience 
with EOL care (adjusted β coefficient 2.9, 95% 
confidence interval (CI), 0.52 ~ 5.22; p = 0.017), 
continuation of conferences for more than 5 years 

Table 1. Univariate analysis of factors associated with EOL 
care in nursing homes (n = 153)

Items

Experience with EOL care
     Nurse
        0
        1-4 times
        ≥ 5 times
     Care manager
        0
        1-4 times
        ≥ 5 times
     Professional caregiver
        0
        1-4 times
        ≥ 5 times
Contents of conference 
     Frequency
        Every several days
        Every week
        Every two weeks
        Every month
        On a timely basis
     Years from initiation of 
     the conference
        < 5years
        ≥ 5years
     Review conference after 
     EOL care
        Yes
        No
Participant
     Doctor
        Yes
        No
     Facility director
        Yes
        No
     Nurse
        Yes
        No
     Care manager
        Yes
        No
     Professional caregiver
        Yes
        No
     Nutritionist
        Yes
        No
     Social worker
        Yes
        No
     Family
        Yes
        No

  Facility 
  number

  17 (11.1)
  12 (7.8)
119 (77.8)

  17 (11.1)
  29 (19.0)
103 (67.3)

  17 (11.1)
  37 (24.2)
  94 (61.4)

    3 (2.6)
  35 (22.9)
    6 (3.9)
    4 (2.6)
  97 (63.4)

  70 (45.8)
  57 (37.3)

116 (75.8)
  34 (22.2)

  31 (20.3)
116 (75.8)

  51 (33.3)
  96 (62.7)

145 (94.8)
    2 (1.3)

145 (94.8)
    3 (2.0)

145 (94.8)
    3 (2.0)

131 (85.6)
  16 (10.5)

  32 (20.9)
115 (75.2)

  80 (52.3)
  67 (43.8)

Amount of EOL 
care in nursing 

homes

  9.3 ± 8.4
  7.2 ± 5.6
14.5 ± 9.6

  14.0 ± 13.8
  12.0 ± 10.1
13.5 ± 8.5

  17.2 ± 15.3
  9.6 ± 7.5
13.7 ± 8.4

  6.2 ± 4.2
11.7 ± 8.7
10.0 ± 8.3
14.0 ± 9.7

  15.7 ± 11.7

11.2 ± 8.3
14.0 ± 8.2

12.9 ± 8.5
14.9 ± 12.1

  13.1 ± 12.1
13.2 ± 8.6

  13.3 ± 11.8
13.1 ± 7.9

13.2 ± 9.4
 11.3 ± 3.7

13.2 ± 9.4
 8.0

12.9 ± 8.5
  25.3 ± 29.0

13.3 ± 9.8
12.1 ± 5.5

  13.7 ± 12.4
13.0 ± 8.4

11.5 ± 9.8
15.2 ± 8.5

EOL: end-of-life, Based on Student's t-test or one-way analysis of 
variance (ANOVA), where appropriate, *p < 0.05

p-value

0.020*

0.727

0.020*

0.516

0.069

0.290

0.985

0.952

0.780

0.580

0.536

0.454

0.760

0.021*
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4. Discussion

In the present cross-sectional study performing a 
prefecture survey in Japan, nurses' experience with 
EOL care, the continuation of conferences for more 
than 5 years, and the lack of family participation were 
associated with increased EOL care in nursing homes 
among facilities performing EOL care conferences. 
	 In a previous small sample study, nurses' experience 
with EOL care had a positive effect on their tenure and 
professional efficacy (7). Moreover, in our previous 
study, we showed that employing nurses with more 
than 5 experiences with EOL care was associated 
with increased EOL care in nursing homes (2), which 
is consistent with the results of the present study 
involving facilities performing EOL care conferences. 
The association between the nurses' experiences and 
the increased EOL care in the nursing homes among 
facilities performing EOL care conferences may be 
associated with the nurses' leadership (9,10). The role of 
nurses is essential for the implementation of EOL care 
because nurses are the only medical providers in most 
nursing homes (2,5).
	 To date, no studies have reported a relationship 
between increased EOL care in nursing homes and the 
continuation of EOL care conferences for more than 5 
years. This result regarding the continuation of EOL 
care conference for more than 5 years is logical in 
terms of increased EOL care in nursing homes because 
improvement in EOL care in nursing homes requires 
time after the initiation of EOL care conferences.
	 In the context of palliative care in an intensive care 
unit, family participation in conferences regarding EOL 
care promotes communication between families and the 
doctor, satisfaction and perceived quality of dying for 

families, and communication of information to families 
(11-16). In the context of long-term palliative care, 
family participation in a conference regarding EOL care 
affects communication and understanding between the 
family and the facility's staff, reducing stress, anxiety 
and undesirable hospitalization (17). However, no study 
has investigated how family participation may interfere 
with EOL care in nursing homes. One explanation for the 
association between family participation and decreased 
EOL care in nursing homes may be the difficulty of 
reaching an agreement without information sharing and 
discussion among professional staff in facilities. In our 
interviews with the care managers of these facilities, 
nursing homes that provided more EOL care adopted the 
model shown in Figure 2, in which the care manager, 
as a representative of the facility, has the opportunity to 
speak with the resident's family after information sharing 
with the resident receiving EOL care and discussion in 
an EOL care conference. This model can contribute to 
smooth communication between the facility's staff and 
the residents' families regarding EOL care. Therefore, 
EOL care conferences may play an important role in 
sharing the residents' condition and discussing EOL care.
	 Although interprofessional collaboration and 
communication in nursing homes have recently attracted 
attention (18-21), to the best of our knowledge, no study 
to date has investigated the details of the conferences 
regarding EOL care in nursing homes. Compared with 
that of a general survey study, the response rate in our 
study was higher due to collaboration with the local 
government's directors (Figure 1). Thus, the study's 
internal validity is high.
	 The present study includes several limitations. First, 
there was a relatively large amount of missing data 
regarding EOL care conferences (Figure 1). Second, a 
study performed in a single prefecture surrounding a 
Japanese metropolis may have selection bias. Third, since 
the study used a cross-sectional design, the results of the 
present study are unable to address causal relationships. 
	 In our previous study, we reported that EOL care 
conferences were related to increased EOL care in 
nursing homes (2). The present study additionally 
investigated how EOL care conferences are performed 

Figure 2. Hypothesis of the ideal relationship between 
nursing home staff and residents' family.

Table 2. Results of the multivariate analysis (n = 153)

Items

Experience with EOL care ≥5 times
     Nurse
     Care manager
     Professional caregiver
Contents of the conference
     Every week
     ≥ 5years
     Review conference after dying
Participant
     Doctor
     Facility director
     Nurse
     Care manager
     Professional caregiver
     Nutritionist
     Social worker
     Family

   β

  2.9
  1.2
 -0.5

  2.8
  3.8
 -0.3

  1.5
  1.5
 -3.3
   ‐
   ‐
 -2.4
  1.4
 -4.0

95%CI

  0.52 ~ 5.22
 -1.26 ~ 3.73
 -2.94 ~ 1.95

 -0.74 ~ 6.31
   0.46 ~ 7.05
 -4.34 ~ 3.69

  -3.39 ~ 3.73
  -2.30 ~ 5.24
-16.36 ~ 9.68

‐
‐

 -8.40 ~ 3.65
 -2.51 ~ 5.24

   -7.50 ~ -0.48

EOL: end-of-life, CI: confidence interval. Based on multiple linear 
regression analysis, *p < 0.05. The factors of care manager and 
caregiver were excluded from the analysis, because almost all of 
those participate in an EOL care conference.

p-value

0.017*
0.327
0.689

0.120
0.026*
0.872

0.541
0.441
0.612
‐
‐
0.436
0.484
0.026*
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to best achieve EOL care in nursing homes. However, 
as previously mentioned, a retrospective study design 
cannot demonstrate the causal relationship by which 
EOL care conferences promote EOL care in nursing 
homes. Therefore, a multifacility prospective study based 
on our results is needed in the near future for an aging 
society.

5. Conclusions

Nurses' experience with EOL care and the continuation 
of EOL care conferences for more than 5 years may 
promote EOL care in nursing homes, while family 
participation in the conferences may interfere with 
EOL care in nursing homes. EOL care conferences in 
nursing homes are recommended to be continuously 
performed by the facility's staff with an experienced 
nurse undertaking the task of information sharing, before 
discussing EOL care with the families. 
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1. Introduction

A significant portion of the world's population is 
infected with Helicobacter pylori (1), a motile, 
flagellated bacterium that colonizes the human gastric 
mucosa and is associated with chronic gastritis, gastric 
and duodenal ulcers (2). H. pylori infection has also 
been linked to an increased person's risk of developing 
mucosa-associated lymphoid tissue (MALT)-lymphoma 
(3), type 2 diabetes (4) and gastric adenocarcinoma (5). 
Currently, no vaccine is available against this pathogen; 
symptomatic patients are treated using a combination 
of at least two antibiotics plus a proton pump inhibitor/ 
bismuth citrate. In recent years, eradication rates have 
been falling due to the spread of resistance to some 
antibiotics (6,7). Therefore, there is an urgent need 
for identification of new protein targets for antibiotic 

development.
	 H. pylori takes up essential nutrients, such as 
amino acids, di- and oligopeptides and metal ions, 
from host cells (6-8). It scavenges the nutrients using 
various transport proteins including ATP-binding 
cassette (ABC) transporters (9-11). A canonical ABC 
transporter consists of two trans-membrane domains, 
two nucleotide-binding domains and a periplasmic 
substrate-binding protein (PBP), sometimes termed 
solute-binding protein (SBP) (12) .  PBPs bind 
their substrates at the periplasmic space with high 
specificity and then deliver them to the cognate 
trans-membrane domains located in the cytoplasmic 
membrane. Although PBPs are very diverse in terms 
of the their amino acid sequence, their structural fold 
is highly conserved (13). The structure of a typical 
PBP comprises two globular lobes joined by a flexible 
hinge region. Many PBPs operate via the so-called 
"Venus flytrap" mechanism, where ligand binding at the 
interface results in a large conformational change due to 
the closure of the two lobes around the ligand molecule 
(14). In addition to their role in nutrient sensing, some 
PBPs mediate chemotaxis towards the nutrient source 
(15,16). Furthermore, it has been shown that PBPs play 
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roles in bacterial virulence, and may, for some bacteria, 
be immunogenic, raising the notion that PBPs may be 
targeted for the development of antibacterial vaccines, 
therapies and new drugs (14,17). 
	 Analysis of the whole genome sequences of different 
H. pylori strains suggested that this pathogen possesses 
seven to eight PBPs, of which one has been annotated 
as the ABC transporter glutamine-binding protein 
precursor, GlnH (18-21). In the genomic context, glnH 
is a part of the glnPQH operon, where glnP codes for 
an ABC transporter permease, and glnQ for an ATP 
binding subunit. Apart from this genome sequence-
derived information, no studies have been published 
yet on H. pylori GlnH, and its natural ligand is not 
yet known. H. pylori GlnH shares only modest (24%) 
sequence identity with a well-characterized glutamine-
binding protein from E. coli (GlnBP), which binds 
L-glutamine with a Kd of 0.5 μM (22-25). Interestingly, 
it shares 56% and 51% overall sequence identity with 
the cysteine-binding proteins Cj0982 from C. jejuni (26) 
and Ngo2014 from N. gonorrhoea (27), respectively. 
This suggests that GlnH may serve to deliver glutamine 
and/or cysteine to the permease encoded by glnP. 
In order to understand how GlnH interacts with its 
putative ligand and to elucidate its three-dimensional 
structure, we have initiated an X-ray crystallographic 
study of GlnH. This paper describes the cloning, 
purification, crystallization and the preliminary X-ray 
crystallographic analysis of recombinant GlnH from H. 
pylori strain SS1.

2. Materials and Methods

2.1. Gene cloning and overexpression

The signal sequence of H. pylori GlnH (NCBI ID 
WP_077232337.1) was predicted by using the online 
tools PrediSi (28) and Phobius (29). The coding 
sequence, lacking the signal peptide (residues 1-24), 
was codon-optimized, synthesized and ligated into 
the pet151/D-TOPO expression vector (Invitrogen, 
Waltham, MA, USA) by GenScript (Piscataway, USA). 
This vector harbors an N-terminal hexa-histidine tag 
followed by a V5 epitope and a tobacco etch virus 
(TEV) protease cleavage site (HHHHHHGKPIPNPL
LGLDSTENLYFQGIDPFT). The recombinant protein 
used for thermal melts and crystallization comprised 
residues 25-277 of GlnH plus additional GIDPFT 
residues from the TEV cleavage site and the vector as a 
cloning artifact. The vector was transformed into E. coli 
BL21 DE3 (Novagen, Darmstadt, Germany) and cells 
were cultured at 37°C in Luria-Bertani (LB) medium 
supplemented with 50 µg/mL ampicillin (G-Bioscience, 
MO, USA). Overexpression of GlnH was induced with 
1 mM of isopropyl β-D-1-thiogalactopyranoside (IPTG) 
(Astral Scientific, NSW, Australia) at an OD600 of 0.60, 
and growth was continued for a further 4 h. Cells were 

then harvested by centrifugation at 4,800 × g for 15 min 
at 4°C.

2.2. Purification

Protein was purified by following the procedure 
described in (30). Briefly, harvested cells were 
resuspended in a buffer A (20 mM Tris-HCl pH 8.0, 
100 mM NaCl, 1mM phenylmethylsulfonyl fluoride 
(Merck, Darmstadt, Germany)) and lysed using an 
EmulsiFlex-C5 high-pressure homogenizer (Avestin, 
Ottawa, Canada). Cell debris was then removed 
by centrifugation at 10,000× g for 15 min at 4°C. 
Imidazole (Sigma-Aldrich, MO, USA) and NaCl were 
added to the supernatant to final concentrations of 20 
mM and 500 mM, respectively. The protein sample 
was loaded onto a 5 mL Ni-NTA affinity column (GE 
Healthcare, Chicago, IL, USA) pre-equilibrated with 
buffer B (20 mM Tris-HCl pH 8.0, 500 mM NaCl and 
20 mM imidazole), washed with the same buffer and 
eluted with buffer C (20 mM Tris-HCl pH 8.0, 500 
mM NaCl and 500 mM imidazole). The N-terminal 
His6 tag was either left on, or cleaved off using TEV 
protease (Invitrogen, Waltham, MA, USA) during 
overnight dialysis against buffer D (20 mM Tris-HCl 
pH 8.0, 150 mM NaCl, 2 mM DL-Dithiothreitol (DTT) 
(Sigma-Aldrich, MO, USA) and 1% v/v glycerol (Astral 
Scientific, NSW, Australia)) at 4°C. Following the 
incubation with TEV, NaCl and imidazole were added 
to the sample to final concentrations of 500 mM and 20 
mM, respectively, and the cleaved tag, TEV protease 
and any uncleaved protein were removed by passing the 
sample through the Ni-NTA affinity column. The final 
stage in the purification of both tagged and untagged 
versions of the protein was gel filtration using the 
Superdex 200 HiLoad 26/60 column (GE Healthcare, 
Chicago, IL, USA) equilibrated with buffer E (20 
mM Tris-HCl pH 8.0, 150 mM NaCl), at a flow rate 
of 4 mL/min. The peak fractions of the eluate were 
pooled, protein concentration was determined using the 
Bradford assay (31) and purity was assessed by sodium 
dodecyl sulfate-polyacrylamide gel electrophoresis 
(SDS-PAGE).

2.3. Size-exclusion chromatography coupled to multi-
angle light scattering (SEC-MALS) analysis

SEC-MALS analysis involved an injection of 50 µL 
of the 100 µM GlnH-His6 solution in buffer E onto a 
Superdex 200 5/150 HiLoad size-exclusion column (GE 
Healthcare, Chicago, IL, USA) pre-equilibrated with 
buffer E flowing at 0.15 mL/min. The eluate was passed 
through a Shimadzu HPLC in-line DAWN HELEOS 
light scattering detector, an Optilab T-rEX differential 
refractive index detector and a quasi-elastic light 
scattering detector (WyattQELS, Wyatt Technology 
Corporation, Santa Barbara, CA, USA). The MALS 
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8.5 and 30% w/v polyethylene glycol (PEG) 4000. 
After two days, needle-like crystals also appeared in 
condition H3 of the JCSG+ Suite screen, containing 0.17 
M ammonium sulfate, 25.5% w/v PEG 4,000 and 15% 
v/v glycerol. Manual optimization resulted in larger, 
rod-like crystals in a condition containing 0.2 M sodium 
acetate (Merck, Darmstadt, Germany), 0.05 M Tris-HCl 
pH 8.5 and 28% w/v PEG 4,000 (Sigma-Aldrich, MO, 
USA). 

2.7. Data collection, processing and molecular 
replacement 

Prior to data collection, the crystals were briefly 
soaked in a cryoprotectant solution containing 0.1 
M Tris-HCl pH 8.5, 0.2 M sodium acetate, 36% w/v 
PEG 4,000 and 10% v/v glycerol, and flash-frozen in 
liquid nitrogen. X-ray diffraction data were collected 
from a single crystal to 1.3 Å resolution using an 
ADSC Quantum 210r detector (Area Detector Systems 
Corporation, Poway, CA, USA) at the MX1 beamline 
of the Australian Synchrotron. A total of 360 images 
were taken using 0.5° oscillations. Data processing 
and scaling were performed using iMosflm (34) and 
AIMLESS (35), respectively from the CCP4 suite 
(36). The Matthews coefficient was calculated using 
MATTHEWS_COEF (37) from CCP4. Molecular 
replacement was performed using Phaser (38) from 
CCP4 with the structure of cysteine-binding protein 
from C. jejuni (PDB ID 1XT8) as a search model. 
Model refinement was carried out using Phenix (39).

3. Results and Discussion

The H. pylori glnH gene encodes a 277-a.a. long pre-
protein containing a cleavable N-terminal signal peptide 
(a.a. 1-24). The recombinant GlnH that lacks the signal 
sequence was overexpressed in E. coli and purified to 
> 98% electrophoretic homogeneity as determined by 
Coomassie Blue-stained SDS-PAGE gel (Figure 1). The 
recombinant protein contained amino acid residues 25-
277 of GlnH plus six N-terminal additional residues 
from the TEV cleavage site and the vector (GIDPFT). 
It migrated on SDS-PAGE with an apparent molecular 
weight (MW) of ~29 kDa, which is in agreement with 
the value calculated from the amino acid sequence (29.2 
kDa).
	 Prior to the biophysical and crystallization 
experiments, we searched for an optimal buffer, in 
which GlnH is most stable, using a thermal shift assay. 
We monitored thermal unfolding of the protein samples 
prepared in different buffers as they were heated from 
35°C to 90°C. The results of this assay (Figure 2) 
suggested that the protein is more stable at pH 6.5-
8.0 than at pH ≤ 6.0, and that within the pH 6.5-8.0 
range, the melting temperature of the protein in the gel 
filtration buffer E (20 mM Tris-HCl pH 8.0, 150 mM 

detectors were normalized against 100 μM of bovine 
serum albumin (BSA). Data collection and analysis 
was performed with ASTRA6 (Wyatt Technology 
Corporation).

2.4. Circular dichroism (CD) analysis

The purified GlnH-His6 was buffer-exchanged into 
10 mM sodium phosphate pH 7.4. CD spectra were 
recorded using a J-815 spectropolarimeter (JASCO, 
Tokyo, Japan) at a protein concentration of 0.24 mg/
mL in 2-mm path length cuvette (Starna Pty Ltd, NSW, 
Australia) at 25°C over a wavelength range of 200-
250 nm with a scan rate of 20 nm/min. Spectra were 
recorded in triplicate and averaged. The secondary 
structure content was estimated by fitting the ellipticity 
data using the BeStSel server (32). 

2.5. Protein buffer optimization

To assess the protein stability in different buffers, 
thermal melts were performed using a Rotor-Gene 
Q Real time PCR instrument (QIAGEN, Hilden, 
Germany). Purified GlnH in buffer E was concentrated 
to 12 mg/mL and then diluted 36-fold into a series of 
test buffers containing 10× SYPRO Orange reagent 
(Sigma-Aldrich, 5000× stock, catalogue number 
S5692). The samples were then thermally denatured 
by heating from 35°C to 90°C at a ramp rate of 0.5°C/
min. Protein unfolding was monitored by following the 
SYPRO Orange fluorescence emission (λex 530 nm/λem 
555 nm). The unfolding data were fit to a derivation 
of the Boltzmann equation for the two-state unfolding 
model to obtain the midpoint of denaturation (the 
melting temperature Tm) (33) using GraphPad Prism. 
All experiments were performed in triplicate.

2.6. Crystallization

GlnH was concentrated to 20 mg/mL using an 
Amicon Ultracel 10 kDa cut-off concentrator (Merck, 
Darmstadt, Germany) and centrifuged at 4°C for 30 min 
at 13,200× g to clarify the solution. The crystallization 
screening was performed by the hanging-drop vapour-
diffusion method using an automated Phoenix 
crystallization robot (Art Robbins Instruments, CA, 
USA) and commercial screens PEG/Ion HT and Crystal 
Screen HT (Hampton Research, CA, USA), JCSG+ 
Suite (QIAGEN, Hilden, Germany) and JBS HTS1 and 
HTS2 (Jena Bioscience, Jena, Germany). The initial 
crystallization droplets contained 100 nL of protein 
solution plus 100 nL of reservoir solution, and were 
equilibrated against 50 μL of reservoir solution in a 96-
well Art-Robins CrystalMation Intelli-plate (Hampton 
Research, CA, USA). After one day, needle-like crystals 
appeared in condition B10 of the Crystal Screen HT 
containing 0.2 M sodium acetate, 0.1 M Tris-HCl pH 
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NaCl) does not differ much from that in other tested 
buffers. Therefore, to streamline the procedure, the 
protein for all subsequent experiments was prepared in 
the gel filtration buffer E. 
	 Circular dichroism analysis (Figure 3) of GlnH-His6 
in the far-UV region of 200-250 nm involved fitting of 
the experimental spectrum for the purpose of secondary 
structure calculation using BeStSel server. The values 
derived from the spectrum (α 35%, β 21%) were very 
close to those predicted from the primary sequence 
analysis (α 34%, β 22%) using the YASPIN server (40), 
confirming that the recombinant protein is folded. 
	 SEC-MALS analysis was performed to determine 
the oligomeric state of GlnH-His6 in solution and 
the sample monodispersity. GlnH eluted as a single 
roughly symmetrical peak (Figure 4), the middle of 
which corresponds to a species with a polydispersity 
index value of 1.0. This indicates that the sample was 
largely homogenous with respect to the molecular mass. 

The MW of Gln-His6, as determined by SEC-MALS 
analysis (Table 1), was 34.4 kDa, which is close to 
the value calculated from the protein sequence (32.2 
kDa), demonstrating that this protein is monomeric in 
solution. This result is in agreement with the findings 
that majority of PBPs behave as monomers in solution 
at physiologically relevant concentrations, including, 
for example, YckK (a different periplasmic binding 
protein from H. pylori (41)), ModA (a molybdate-
binding protein from the archaeon Methanosarcina 
acetivorans (42)), SitA (a metal-binding PBP from the 
Staphylococcus pseudintermedius (43)) and OppA (a 
putative-oligopeptide binding PBP from Thermotoga 
maritima (44)).
	 Crystals of GlnH (Figure 5) were obtained using 
a sparse matrix crystallization approach. A complete 

Figure 1. Coomassie blue-stained 15% SDS-PAGE gel of 
recombinant GlnH. M, molecular weight ladder; Lane 1, 15 
μg of GlnH-His6 after the first Ni-NTA step; Lane 2, 15 μg of 
purified, untagged GlnH.

Figure 2. Effect of different buffers on the melting temperature 
Tm of GlnH. Results are means ± standard deviation (S.D.) for 
three independent replicates.

Figure 3. Far-UV CD spectrum of H. pylori GlnH.

Figure 4. SEC-MALS analysis of GlnH-His6. The peak (thin 
line) represents the UV trace for fractions containing protein. 
The UV absorbance values, normalized to 0-100% scale, are 
shown on the left-hand y-axis. The thick black line across the 
peak indicates the estimated molecular mass of the eluting 
protein particles (values are shown on the right-hand y axis).

Table 1. Molecular weights estimated by SEC-MALS 
analysis (BSA, bovine serum albumin)

Sample

GlnH-His6

BSA control

Molecular weight (kDa)

34.4 
63.2

Polydispersity

1.0
1.0
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data set was collected from a single cryo-cooled crystal 
using the Australian Synchrotron (AS) facility to a 
resolution of 1.3 Å (Figure 6, Table 2). Autoindexing 
of the diffraction data with iMosflm suggested that the 
crystal belonged to the primitive monoclinic symmetry, 
with unit cell parameters a = 38.67, b = 93.36, c = 64.13 
Å, α = 90.00, β = 93.72, γ = 90.00°. The analysis of the 
scaled data using POINTLESS (36) showed systematic 
absences along the 0k0 axis, with only reflections 
with k = 2n present, which suggested that the crystals 
belong to space group P21. The average I/σ(I) value 
was 15.8 for all reflections (resolution range 37.71-
1.30 Å) and 3.3 in the highest resolution shell (1.32-
1.30 Å). A total of 397,406 measurements were made 
of 106,244 independent reflections. Data processing 
gave an Rmerge of 0.046 for intensities (0.293 in the 
highest resolution shell). The data was 95% complete 
(69% completeness in the outer shell). Calculation of 

the Matthews coefficient (VM) using MW = 29.2 kDa 
gave values of 4.0 and 2.0 Å3 Da-1, assuming one or two 
subunits in the asymmetric unit, respectively (45). An 
automated molecular replacement (MR) was performed 
with Phaser using the coordinates of the cysteine-
binding protein from C. jejuni (PDB ID 1XT8) as a 
search model. The MR solution contained 2 subunits in 
the asymmetric unit. After several rounds of XYZ and 
B refinement using the simulated annealing protocol in 
Phenix, the R and Rfree values fell from 0.481 and 0.487 
to 30.2 and 32.9, respectively, confirming that the MR 
solution is correct. Model building is currently under 
way. 
	 Worku et al. (46) demonstrated that glutamine acts 
as a chemoattractant for the H. pylori isolates obtained 
from endoscopic biopsies of patients with non-ulcer 
dyspepsia or duodenal ulcer. Given the similarity of H. 
pylori GlnH to the glutamine-binding PBP of E. coli, it 
would be essential to establish in the future if glutamine 
is a natural ligand recognized by GlnH, and if not, what 
is, and what role GlnH plays in chemotaxis and in the 
nutrient uptake. Furthermore, determination of the 
crystal structure of GlnH in complex with its natural 
ligand will provide an insight into the structural basis 
of its ligand specificity that could be an important step 
towards the development of therapeutic small molecule 
inhibitors targeting chemotaxis or nutrient uptake.
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Figure 5. Crystals of GlnH from H. pylori SS1.

Figure 6. A representative diffraction image (0.5° oscillation) 
obtained for a GlnH crystal using an ADSC Quantum 210r 
detector on the MX1 station at the Australian Synchrotron, 
Victoria, Australia. The edge of the detector corresponds to 
the resolution of 1.36 Å.

Table 2. Data-collection and processing statistics

Items

Detector
Wavelength (Å)
Temperature (K)
Total rotation range (°)
Mosaicity (°)
Space group
Unit cell parameters 
a, b, c (Å) 
α, ꞵ, γ (°)
Resolution range (Å)
Observed reflections
Unique reflections
Mean I/σ(I)
Completeness (%)
Multiplicity
Rmerge

CC(1/2) (%)
Rmeas

Rpim

MX1 beamline, Australian Synchrotron

ADSC Quantum 210r Detector
0.95
100
180
0.33
P21

38.67   93.36   64.13
90.00    93.72     90.00
37.71-1.30 (1.32-1.30)

397,406 (12,068)
106,244 (3,795)

15.8 (3.3)
95 (69)
3.7 (3.2)

0.046 (0.293)
99 (85)

0.062 (0.384)
0.032 (0.210)

Values in parentheses are for the highest resolution shell.
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1. Introduction

Familial hypercholesterolemia (FH), otherwise also 
referred to as autosomal dominant hypercholesterolemia 
type 1 is a genetic disorder of the lipoprotein metabolism. 
It is characterized by high levels of serum low density 
lipoprotein (LDL), eruptive xanthomas all over the body 
and premature atherosclerotic disease affecting the heart, 
aorta, carotids and peripheral arteries. Homozygotes 
for the disease are at 100 times greater mortality risk 
from fatal myocardial infarction (MI) due to premature 
atherosclerotic damage to the coronary arteries than 
those without the disease (1,2). Timely recognition of 
the disease and aggressive lipid lowering is lifesaving 
in these patients. We are presenting a case of 18-year-
old female exhibiting characteristic features of familial 
hypercholesterolemia.

2. Case Report

An 18-year-old girl, with a body mass index (BMI) 

of 17.7 kg/m2 presented with eruptive xanthomas, 
gradually increasing in size over different parts of the 
body involving extensor surfaces of bilateral large and 
small joints of upper and lower limbs, thighs and gluteal 
regions since 8 years of age. The patient also had history 
of exertional shortness of breath and angina for which 
she was evaluated and found to have dyslipidemias along 
with severe valvular and supravalvular aortic stenosis 
and antero-medial leaflet prolapse of mitral valve 
causing severe mitral regurgitation. The patient was 
started on anti-lipidemic drugs and diuretics.  However, 
the patient did not improve to treatment with these drugs. 
She underwent double valve replacement 1 year ago 
following which she remained asymptomatic. Since then, 
the patient was on atorvastatin (60 mg), warfarin, aspirin, 
digoxin and furosemide. 
	 The patient presented to our Out Patient Department 
(OPD) with fatigue and generalized malaise, increasing 
size and number of the skin lesions, with multiple reports 
showing very high levels of LDL (max. 959 mg/dL). Her 
triglycerides were also elevated while her high density 
lipoprotein (HDL) and very low density lipoprotein 
(VLDL) were within normal limit. On examination, she 
had xanthelasma palpebrarum over both the eyelids, 
multiple xanthomas over bilateral knuckles, fingers, 
elbows, knees, thighs and feet. Examination of eyes 
revealed arcus juvenilis and lipemiaretinalis in both the 

Summary Familial hypercholesterolemia (FH) is a form of primary hyperlipoproteinemia characterized 
by the presence of high concentrations of serum low density lipoprotein (LDL) cholesterol, 
increased tendency to form xanthomas and early onset of coronary artery disease. This 
disease is an autosomal dominant disorder caused by defects in the gene that encode for the 
LDL receptor. Homozygous familial hypercholesterolemia is a rare occurrence and here we 
report a case of an 18-year-old girl with familial hypercholesterolemia treated with anti-
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highlighting the difficulties in management due to economic constraints in a resource limited 
setting in spite of availability of effective therapy.
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eyes. Cardiovascular examination was unremarkable. 
	 One of her 2 siblings, 2 years elder to her had history 
of similar eruptive xanthomas and atherosclerotic 
coronary artery and valvular heart disease. He expired 
following a fatal myocardial infarction at the age of 15 
years. However, other sibling had no history of such 
lesions, but lipid profile showed dyslipidaemias albeit 
of less severity. There was no history of xanthomas and 
xanthelasma in her parents. There was no history of 
coronary artery disease, diabetes, hypertension in their 
paternal or maternal families. 
	 Serial lipid profile of the patient was monitored (Table 
1). Investigations were done to look for the evidence of 
end-organ damage due to the atherosclerotic disease. 
Electrocardiograph (ECG) showed left ventricular 
hypertrophy, chest X-ray was unremarkable except for 
metallic prosthetic valves, 2D echocardiography showed 
post dual valve replacement (DVR) status with normal 
prosthetic aortic and mitral valves and normal ventricular 
function. Computed tomography (CT) coronary 
angiography showed significant ostial stenosis of > 
50% in left main coronary artery. Doppler of bilateral 
subclavian and renal arteries showed a high resistance 
flow. Fundus examination revealed an abnormal right 
optic disc with peripapillary vessels and perivascular 
glistening deposit suggestive of atheromatous deposits, 
normal left disc. Her blood sugar, thyroid function tests 
were normal. The patient was started on a high dose 
statin (rosuvastatin 40 mg per day), ezetimibe 10 mg 
per day, cholestyramine 32 mg per day and nicotinic 
acid 2 g per day along with a low-fat diet. In view of 
refractory hypercholesterolemia despite maximal doses 
of anti-lipidemic drugs she was given a session of LDL 
apheresis by cascade method following which LDL 
dropped from 517 mg/dL to 122 mg/dL. A 2nd session of 
LDL apheresis was done a fortnight after the first session 
following which her LDL level dropped to 77 mg/dL. 
The patient was discharged with an advice of strict 
compliance to diet, anti-lipidemic drugs, LDL aphersesis 
and further follow-up. But due to economic constraints, 
LDL apheresis was not done on regular basis and later 
she presented to emergency and expired due to acute 
myocardial infarction.

3. Discussion

The first case of familial hypercholesterolemia (FH) was 

described in medical literature by Carl Muller in 1939, 
who had described the triad of hypercholesterolemia, 
xanthomatosis and angina pectoris which was inherited 
in an autosomal dominant mode (2). It was  Berg and 
Goldstein in 1985 who had reported that the increased 
level of LDL in blood was due to defective LDL 
receptors in the cells causing a decrease in absorption 
of LDL into the cells-especially the hepatocytes which 
are responsible for clearing about 70% of LDL from the 
body. Furthermore, due to decrease in the absorption 
of LDL in the liver cells, there is no suppression in the 
synthesis of cholesterol and LDL by the liver thereby 
leading to a further increase in the total cholesterol and 
LDL in the body (3). Increased circulating cholesterol 
also leads to an increase in the uptake of cholesterol in 
the non-hepatic cells leading to the adverse effects of 
hypercholesterolemia. FH is amongst the first genetic 
disorders to be discovered which are caused due to a 
defect in the genes encoding for a receptor, it is also the 
first genetic disorder recognized to cause Myocardial 
Infarction (3,4). 
	 The prevalence of heterozygous FH is about 1 
in 500 people making it a very common disorder in 
the population. Homozygous FH, however is much 
rarer and is present in only 1 among a million people.  
The disorder exhibits a gene dose effect with those 
homozygous for the disease exhibiting eruptive 
tendonxanthomas, xanthalesmas in the first decade of 
their life, usually starting at the age of 4 years. Such 
patients have very high LDL levels, in the range of 
650-1,000 mg/dL and usually die of complications of 
atherosclerotic heart disease (AHD) by the age of 20 
years without adequate treatment. Heterozygotes for 
the disease usually develop xanthomas by their second 
or third decade of life and atherosclerotic disease of the 
heart and blood vessels by their third decade of life. 
LDL levels in heterozygotes are usually in the range of 
250-550 mg/dL. Heterozygotes for the disease are at 
a more than 50% cumulative risk of fatal or non-fatal 
coronary heart disease by age of 50 years. This risk is 
significantly increased in homozygotes of FH and as 
mentioned previously they are 100 times more likely to 
experience a fatal MI than general population (1,2). 
	 Homozygotes for FH are further classified into 
2 groups – patients with less than two percent LDL 
receptor activity and patients with LDL receptor 
activity greater than 2 percent but less than 25 percent 
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Table 1. Lipid profile values at different time points

In mg/dL

Total Cholesterol
Triglycerides
Low Density Lipoprotein
High Density Lipoprotein
Very Low Density Lipoprotein

October,
2010

624
323

   538.4
  21

    64.6

August,
2013

676
154
599
  47
  68

July,
2016

689
270
599
  36
  54

First presentation
Dec. 2016

746
204
959
  35

    40.8

Post 1st LDL
apheresis

156
  62
122
  23
  11

Before 2nd LDL
apheresis

479
179
360
  71
  48

Post 2nd LDL
apheresis

116
177
  77
  17
  22
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and had succumbed to a fatal MI due to premature 
atherosclerotic coronary artery disease (CAD). The 
patient has a brother who is currently 22 years old 
and although he does not have eruptive xanthomas/
xanthalesmas, he was found to have dyslipidemia on 
routine evaluation. Our patient also satisfies the WHO 
criteria for familial hypercholesterolemia (score > 8). 

4. Conclusion

The clinical features and biochemical profile of this 
patient are consistent with homozygous familial 
hypercholesterolemia with atherosclerotic end organ 
damage. It is a rare disorder of lipid metabolism that 
is under diagnosed and under treated. Early detection 
and aggressive lipid lowering therapy with statins, 
non-statins along with regular LDL apheresis is 
recommended. LDL apheresis has definitive role 
in homozygous FH and it should be regularly done 
to maintain target level to prevent atherosclerotic 
complications. However if LDL apheresis cannot bring 
LDL levels to the recommended target level then patient 
may have to be considered for liver transplantation. 
Limited availability and economic issues are major 
concerns in management of these patients in a resource 
limited setting.
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of normal. Plasma LDL levels have an inverse relation 
to the remaining LDL receptor (LDL-R) activity (5). 
The former group performs very poorly and without 
treatment succumbs to atherosclerotic heart disease 
by the age of 20 years. The latter group has a better 
prognosis and develops atherosclerotic disease by the 
third decade of life. Early and aggressive treatment 
to lower the LDL and total cholesterol levels with 
antilipidemic drugs as well as LDL apheresis in patients 
of FH is thus lifesaving. 
	 Over 1,600 mutations in the LDL receptor gene 
have been identified which cause FH. Five different 
genetic variants of FH have been identified by Tosi et 
al. in 2007 with each class having multiple alleles (6). 
Class 1 mutation – These are "null allele" mutations in 
which LDL-Rs are not produced due to large deletion 
mutations. Class 2 mutations – These are the most 
common mutations. They are caused due to the failure 
of the receptors to migrate to the cell surface. Class 
3 mutations – These mutations lead to a defective 
APO-B component of LDL due to which LDL is unable 
to bind to its receptors. Class 4 mutations – These 
mutations result in the defective internalization of LDL-
LDL receptor complexes. Class 5 mutations – These 
mutations interfere with the LDL receptors ability to 
recycle back to the cell surface. 
	 Raised LDL levels with few phenotypic similarities 
to familial hypercholesterolemia are also present in 
conditions like familial combined hypercholesterolemia, 
familial defective apolipoprotein B-100, autosomal 
recessive hypercholesterolemia (ARH), polygenic 
hypercholesterolemia and sitosterolemia.
	 In our case the patient was clinically diagnosed 
with familial hypercholesterolemia, in view of the 
appearance at the age of 8 years of eruptive xanthomas 
over the extensor surfaces of bilateral large and small 
joints, thighs and gluteal regions. She also had the rare 
intertriginous xanthomas which have been described 
as pathognomonic for homozygous FH (7). At the 
same time she also had developed severe valvular heart 
disease secondary to premature atherosclerosis. After 
hospital admission patient was also diagnosed with 
an ostial narrowing of the left main coronary artery 
characteristic of atherosclerotic damage. There was 
also arcus juvenilis and lipemiaretinalis in the eyes. 
The patient had responded to aggressive lipid lowering 
with the use of statins, bile acid resins, ezetimibe along 
with LDL apheresis, which resulted in significant 
decrease in the size of her xanthomas and also 
subjective improvement of her fatigue and generalized 
malaise. The patient had a first degree relative who 
had also developed similar eruptive xanthomas 



Guide for Authors

1. Scope of Articles

Drug Discoveries & Therapeutics welcomes 
contributions in all fields of pharmaceutical 
and therapeutic research such as medicinal 
chemistry, pharmacology, pharmaceutical 
analysis, pharmaceutics, pharmaceutical 
administration, and experimental and 
clinical studies of effects, mechanisms, or 
uses of various treatments. Studies in drug-
related fields such as biology, biochemistry, 
physiology, microbiology, and immunology 
are also within the scope of this journal.

2. Submission Types

Original Articles should be well-documented, 
novel, and significant to the field as a whole. 
An Original Article should be arranged into 
the following sections: Title page, Abstract, 
Introduction, Materials and Methods, 
Results, Discussion, Acknowledgments, and 
References. Original articles should not exceed 
5,000 words in length (excluding references) 
and should be limited to a maximum of 50 
references. Articles may contain a maximum 
of 10 figures and/or tables.

Brief Reports definitively documenting 
either experimental results or informative 
clinical observations will be considered for 
publication in this category. Brief Reports are 
not intended for publication of incomplete or 
preliminary findings. Brief Reports should 
not exceed 3,000 words in length (excluding 
references) and should be limited to a 
maximum of 4 figures and/or tables and 30 
references. A Brief Report contains the same 
sections as an Original Article, but the Results 
and Discussion sections should be combined.

Reviews should present a full and up-to-date 
account of recent developments within an 
area of research. Normally, reviews should 
not exceed 8,000 words in length (excluding 
references) and should be limited to a 
maximum of 100 references. Mini reviews 
are also accepted.

Policy Forum articles discuss research and 
policy issues in areas related to life science 
such as public health, the medical care 
system, and social science and may address 
governmental issues at district, national, 
and international levels of discourse. Policy 
Forum articles should not exceed 2,000 
words in length (excluding references).

Case Reports should be detailed reports of 
the symptoms, signs, diagnosis, treatment, 
and follow-up of an individual patient. Case 
reports may contain a demographic profile 
of the patient but usually describe an unusual 
or novel occurrence. Unreported or unusual 
side effects or adverse interactions involving 
medications will also be considered. Case 

Reports should not exceed 3,000 words in 
length (excluding references).

News articles should report the latest events 
in health sciences and medical research from 
around the world. News should not exceed 
500 words in length.

Letters should present considered opinions 
in response to articles published in Drug 
Discoveries & Therapeutics in the last 6 
months or issues of general interest. Letters 
should not exceed 800 words in length and 
may contain a maximum of 10 references.

3. Editorial Policies

Ethics: Drug Discoveries & Therapeutics 
r equ i r e s  t ha t  au tho r s  o f  r epo r t s  o f 
investigations in humans or animals indicate 
that those studies were formally approved by 
a relevant ethics committee or review board.

Conflict of Interest :  All authors are 
required to disclose any actual or potential 
conflict of interest including financial 
interests or relationships with other people 
or organizations that might raise questions 
of bias in the work reported. If no conflict of 
interest exists for each author, please state 
"There is no conflict of interest to disclose".

S u b m i s s i o n  D e c l a r a t i o n :  W h e n  a 
manuscript is considered for submission 
to Drug Discoveries & Therapeutics, the 
authors should confirm that 1) no part of this 
manuscript is currently under consideration 
for publication elsewhere; 2) this manuscript 
does not contain the same information in 
whole or in part as manuscripts that have 
been published, accepted, or are under review 
elsewhere, except in the form of an abstract, 
a letter to the editor, or part of a published 
lecture or academic thesis; 3) authorization 
for publication has been obtained from the 
authors' employer or institution; and 4) all 
contributing authors have agreed to submit 
this manuscript.

Cover Letter: The manuscript must be 
accompanied by a cover letter signed by 
the corresponding author on behalf of all 
authors. The letter should indicate the basic 
findings of the work and their significance. 
The letter should also include a statement 
affirming that all authors concur with the 
submission and that the material submitted 
for publication has not been published 
previously or is not under consideration 
for publication elsewhere. The cover 
letter should be submitted in PDF format. 
For example of Cover Letter, please visit 
http://www.ddtjournal.com/downcentre.php 
(Download Centre).

C o p y r i g h t :  A  s i g n e d  J O U R N A L 
PUBLISHING AGREEMENT (JPA) must 
be provided by post, fax, or as a scanned file 
before acceptance of the article. Only forms 
with a hand-written signature are accepted. 
This copyright will ensure the widest 
possible dissemination of information. A 
form facilitating transfer of copyright can be 
downloaded by clicking the appropriate link 
and can be returned to the e-mail address or 
fax number noted on the form (Please visit 

Download Centre). Please note that your 
manuscript will not proceed to the next step in 
publication until the JPA form is received. In 
addition, if excerpts from other copyrighted 
works are included, the author(s) must obtain 
written permission from the copyright owners 
and credit the source(s) in the article.

Suggested Reviewers: A list of up to 3 
reviewers who are qualified to assess the 
scientific merit of the study is welcomed. 
Reviewer information including names, 
affiliations, addresses, and e-mail should be 
provided at the same time the manuscript 
is submitted online. Please do not suggest 
reviewers with known conflicts of interest, 
including participants or anyone with a stake 
in the proposed research; anyone from the 
same institution; former students, advisors, or 
research collaborators (within the last three 
years); or close personal contacts. Please 
note that the Editor-in-Chief may accept one 
or more of the proposed reviewers or may 
request a review by other qualified persons.

Language Editing: Manuscripts prepared 
by authors whose native language is not 
English should have their work proofread by 
a native English speaker before submission. 
If not, this might delay the publication of 
your manuscript in Drug Discoveries & 
Therapeutics.
 The Editing Support Organization can 
provide English proofreading, Japanese-
English translation, and Chinese-English 
translation services to authors who want to 
publish in Drug Discoveries & Therapeutics 
and need assistance before submitting 
a  manuscript .  Authors  can vis i t  this 
organization directly at http://www.iacmhr.
com/iac-eso/support.php?lang=en. IAC-
ESO was established to facilitate manuscript 
preparation by researchers whose native 
language is not English and to help edit works 
intended for international academic journals.

4. Manuscript Preparation

Manuscripts should be written in clear, 
grammatically correct English and submitted 
as a Microsoft Word file in a single-column 
format. Manuscripts must be paginated and 
typed in 12-point Times New Roman font 
with 24-point line spacing. Please do not 
embed figures in the text. Abbreviations 
should be used as little as possible and should 
be explained at first mention unless the term 
is a well-known abbreviation (e.g. DNA). 
Single words should not be abbreviated. 

Title page: The title page must include 1) the 
title of the paper (Please note the title should 
be short, informative, and contain the major 
key words); 2) full name(s) and affiliation(s) 
of the author(s), 3) abbreviated names of 
the author(s), 4) full name, mailing address, 
telephone/fax numbers, and e-mail address 
of the corresponding author; and 5) conflicts 
of interest (if you have an actual or potential 
conflict of interest to disclose, it must be 
included as a footnote on the title page of the 
manuscript; if no conflict of interest exists 
for each author, please state "There is no 
conflict of interest to disclose"). Please visit 
Download Centre and refer to the title page 
of the manuscript sample. 



Abstract: The abstract should briefly state 
the purpose of the study, methods, main 
findings, and conclusions. For article types 
including Original Article, Brief Report, 
Review, Policy Forum, and Case Report, 
a one-paragraph abstract consisting of no 
more than 250 words must be included in the 
manuscript. For News and Letters, a brief 
summary of main content in 150 words or 
fewer should be included in the manuscript. 
Abbreviations must be kept to a minimum 
and non-standard abbreviations explained in 
brackets at first mention. References should 
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be included in the Abstract page.
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Materials and Methods: The description 
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enable others to reproduce the experiments. 
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