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ABSTRACT

Phytotherapy constitutes an emerging alternative strategy for the treatment of inflammatory
bowel disease (IBD) that combine efficacy and an adequate safety profile. Although
medicinal plants are integral part of Colombian culture, only few of them have been studied
deeply. One example is Physalis peruviana (Cape gooseberry), which has previously
demonstrated anti-inflammatory activity. This doctoral thesis aimed to investigate the
therapeutic potential of P. peruviana calyces to treat IBD, using trinitrobenzenesulfonic
acid (TNBS)-induced rat colitis, a well characterized experimental model with some
resemblance to human IBD. In order to do so, the study started with the isolation and
identification of the main anti-inflammatory compounds of the total ethereal extract using
column chromatography and spectroscopy, and continued with the evaluation of the effect
of total extract and pure compounds on TNBS-induced colitis after 3 days (preventive set-
up, acute model) and 15 days (therapeutic set-up, chronic model) of colitis induction. At the
end of each experiment, colonic inflammation was evaluated measuring
macroscopic/histologic damage, MPO activity, changes in cytokines levels, and gene or
protein expression. In addition, the safety of long-term administration of isolated
compounds was evaluated using a toxicity study in mice, including necropsy, histology,
hematology, serum biochemistry, gene expression, micronucleated erythrocytes, and DNA
damage, as toxicological endpoints. The chemical study of the total extract of P. peruviana
led to the purification of a mixture of two new sucrose esters: Peruviose A and B, which
only differ in the substituent at the C3 position of fructose: isobutyryl and 3-methyl-
butanoyl, respectively. Pharmacological studies demonstrated the intestinal anti-
inflammatory activity of P. peruviana total extract with a significant improvement in the
colonic tissue at both macroscopic and histological levels, along with a significant
reduction of IL-1p and TNF-a. Similarly, peruviose A and B, when administered for two
weeks, remarkable ameliorated TNBS-induced colitis, promoting the inhibition of
inflammatory mediators (MPO, NO, TNF-a, IL-18, IL-6, IL-10, IL-17), gene (iNOS, COX-
2, NF-kB), and protein (nuclear NF-kB and iNOS) expression, while increasing MUC-2
mRNA expression. Although the 3 days treatment with total extract or sucrose esters from
P. peruviana did not produced a potent anti-inflammatory effect, it was sufficient to
significantly reduce the extent and severity of tissue damage as well as microscopic
disturbances. Taken together, these results provide the first evidence of intestinal anti-
inflammatory activity of P. peruviana calyces positioning sucrose esters as the main
bioactive compounds to effectively treat IBD. With regard to toxicological evaluation, the
results showed no significant differences between treated animals and control group in any
evaluated parameter. Thus, peruvioses A and B can be safely employed at therapeutic
dosage levels. Overall, this doctoral thesis provides encouraging and sufficient evidence to
start a clinical study to demonstrate the efficacy of P. peruviana as individual or adjuvant
treatment for IBD.
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1 CHAPTER ONE. Thesis Overview

Inflammatory Bowel Disease (IBD) represents a group of chronic, relapsing, and remitting
inflammatory disorders of the gastrointestinal tract, that affect millions of people
worldwide.[1] Because of the lack of efficacy and poor tolerability of conventional drugs,
the employment of complementary and alternative medicines, especially herbal drugs for
the management of IBD is increasing.[2] In this chapter, the conception of the thesis
project, including the hypothesis and objectives are presented. Since this research is based
on the rationale for P. peruviana to have a positive impact on intestinal inflammation,
chapter 2 will discuss the pathogenesis and treatments available for IBD, together with a
brief description of botanical aspects and ethnopharmacological employment of P.
peruviana. The chemical, pharmacological, and toxicological study of P. peruviana was
developed in several stages and results are described in separate chapters (3-6). Such
chapters are the center of attention in this document and were prepared using the general
format acceptable for most scientific publications (abstract, introduction, methods, results,
discussion, and conclusion). In chapter 3, the isolation, purification, and structural
elucidation of the major bioactive compounds of P. peruviana calices is described, as well
as the evaluation of their acute toxicity and biological effect in a model of general
inflammation (A-carrageenan paw edema). Subsequently, the beneficial effect of total
extract (chapter 4) and sucrose esters (chapter 5) from P. peruviana in the rat model of
colitis induced by (TNBS), and the molecular targets involved in their bioactivity are
discussed. Results in chapter 6 demonstrate the safety of sucrose esters from P. peruviana
in a 28-day repeated-dose study in mice. Finally, a general discussion about the main
contributions of this thesis is presented in chapter 7, in addition to a section for concluding
remarks and future perspectives. The Appendix includes a list of publications related to this
doctoral thesis; a copy of the IR, FAB-MS, and NMR spectra used for structural
elucidation; proof of the approval by the Ethics Committee; as well as 2 tables describing
the histological analysis and primers used to evaluate gene expression.

1.1 Study Conception and Pertinence

IBD is classified in two major forms, Crohn's Disease (CD) and Ulcerative Colitis (UC),
which are distinguished by their clinical, histological, immunological and genetic
features.[3, 4] CD develops mostly in the terminal ileum and colon but can affect different
portions of the gastro-intestinal tract; the lesions are patchy and segmental, and
inflammation typically transmural with formation of deep fissuring ulcers, non-caseating
granulomas, fistulae or intestinal strictures.[5, 6] Inflammation is oriented to a T helper
(Th)1 and Th17 immune response, characterized by an enhanced expression of interleukin
(IL)-12/IL-23 and interferon (IFN)y/IL-17 [7, 8]. In contrast, key features of UC include a
purely mucosal and continuous inflammation restricted to colon and rectum. Histologically
UC is characterized by depletion of goblet cells and the presence of a significant number of
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neutrophils within the lamina propria and the crypts, where they form crypt abscesses.[6]
Unlike CD, inflammation is oriented to a Th2 response with excess of IL-5 and IL-13
production.[8, 9] However, regardless of these differences both UC and CD patients have
increased levels of tumor necrosis factor (TNF)-a and several pro-inflammatory cytokines
involved in innate and adaptive immune responses such as IFN-y, IL-1f, IL-6, IL-12 and
IL-17.[6, 7] Cytokines have been directly implicated in the pathogenesis of IBD in recent
genetic and immunological studies, and they seem to have a crucial role in controlling
intestinal inflammation and the associated clinical symptoms of IBD.[10]

IBD Features of inflammation

High expression of TNF-a, IL-1B, IL-6, IL-12, IL-17, IFN-y;
Neutrophil infiltration; general tissue damage/dysfunction.

Enhanced mucosa permeability

Oxidative Stress

Genetic Polymorphisms (110 shared variants): NOD2, TLR4,
IL23R, IL12B, JAK2, STAT3, XBP1, etc.

Ulcerative Colitis

Affects the whole Gl tract.
Inflammed areas are discontiguous.
Stenosis

Fistulas (50%).

¢ Limited to colon and rectum.

¢ Inflammed areas are continous. Macroscopic
* Frequent Inflammatory polyps. —

* Cancer (30%)

* Limited to mucosal layer. ¢ Transmural inflammation.
« Depletion of goblet cells (impaired Histology * Mucin secretion preserved.

mucin secretion). — * Granulomes/Fisures.

Tu2
,@ Immunology Q
(©) T2 " T1/Ta17 ©
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23 important variants 30 important variants @

IL-10, ARCP2, RORC, etc. NOD2, ATG16L1, NLRP3, CEBP4, etc.
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Figure 1.1. Main pathophysiological features of IBD. In the upper part, general features of IBD
are presented; cytokine/chemokine unbalance, leaky gut, and oxidative stress are important targets
for pharmacological intervention. The lower part summarizes specific features of ulcerative colitis
(UC) and Crohn’s Disease (CD). Although UC and CD are defined clinicopathological subtypes,
specific immunological differences are still debatable. Abbreviations; ARPC2, actin related protein
2/3 complex, subunit 2; ATGI16L1, autophagy related 16-like 1; CEBP4, Cytoplasmic
polyadenylation element binding protein 4; IL-12B, IL-12 beta; IL-23R, IL-23 receptor; JAK2,
Janus kinase 2; NLRP3, NLR family pyrin domain containing 3; NOD2, Nucleotide-binding
oligomerization domain-containing protein 2; RORC, RAR related orphan receptor C; STAT3,
signal transducer and activator of transcription 3; TLR4, toll like receptor 4; XBP1, X-box binding
protein 1. Adapted from [8]

Both disorders are associated with marked morbidity and no medical cure.[11] Current
pharmacological strategies to reduce the chronic inflammation in the intestinal mucosa
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include aminosalicylates, corticosteroids, thiopurines, methotrexate, cyclosporine, and
biologics such as anti-TNFa.[12] A huge drawback is that long-term employment of these
agents produce systemic immunosuppression with serious clinical complications, [13]
which highlights the need for optimized anti-inflammatory therapy.

In this context, the employment of alternative therapies, including herbal medicines, is
increasing and gaining popularity worldwide [14], since their effectiveness and safety are
presumed. In parallel, the raised interest in the scientific community to evaluate alternative
IBD drugs has led to studies showing natural products with the ability to neutralize pro-
inflammatory cytokines/pathways to prevent and treat intestinal inflammation at both pre-
clinical and clinical levels.[15-17] As a consequence, the investigation of herbal extracts
and secondary metabolites from plants used in folk medicine constitutes an invaluable
strategy to develop new therapies for IBD. Nevertheless, the success in this field has been
significantly limited by questionable research with poor chemical characterization of active
compounds, insufficient pre-clinical studies using animal models, unclear mechanism of
action, small size of tested patients and short time of evaluation.[12]

The laboratory of Biological Evaluation of Promising Substances recently started a
program to study anti-inflammatory extracts and compounds from Colombian medicinal
plants. As a result, we identified Physalis peruviana L. calyces as an important source of
immunomodulatory compounds.[ 18] Indeed, this species is widely used in South American
folk medicine to treat malaria, asthma, hepatitis, dermatitis, and rheumatoid arthritis.[19]
Considering this background, this doctoral thesis was conceived to investigate the effect of
P. peruviana calyces during intestinal inflammation trough the employment of animal
models and in vitro studies. This knowledge will add value to P. peruviana crops and will
give a function to calyces which are currently treated as a waste product.

1.2 Hypothesis

Extract and compounds from the calyces of P. peruviana L. have immunomodulatory
effects at intestinal level, and might constitute an effective and safe new strategy for the
treatment of IBD.

1.3 Objectives

The main objective of this doctoral thesis was to study P. peruviana calyces to provide
sufficient evidence of their efficacy to treat experimental IBD. Thus, our study was
designed to accomplish the following specific objectives:

e To isolate, purify, and identify the major anti-inflammatory compounds from P.
peruviana calyces using chromatography and spectrometry.
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To investigate the effect and protective mechanisms of the total extract and sucrose
esters from P. peruviana calyces on TNBS-induced colitis in rats, at macroscopic,
histologic, and biochemical level.

To assess the toxicological effect of sucrose esters from P. peruviana following
protocols for single and repeated dose administration.
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2 CHAPTER TWO. General Introduction

2.1 Inflammatory Bowel Disease (IBD)

2.1.1 Definition and Epidemiology

IBD is a heterogeneous group of illnesses, including ulcerative colitis (UC) and Crohn’s
Disease (CD), characterized by chronic and relapsing inflammation of the gastro-intestinal
tract, which is mediated by a dysfunctional interaction of the tightly regulated crosstalk
between lumen microbiota and mucosal immune system.[1, 2] The complex nature of IBD
pathogenesis involves the interaction of genetic, environmental, microbial and
immunologic factors that could intersect in several ways, altering intestinal homeostasis.[3,
4] Despite of this currently well-established view, our understanding of the disease is still
limited, which is reflected in the uncertainty to what extent each factor contributes to the
disease progression, and whether some are more important than others.[5, 6] Taking into
account the objectives of this doctoral thesis, only a brief discussion of immunobiology of
IBD will be presented in the next section of this chapter.

The incidence of IBD is dramatically increasing worldwide both in adults and pediatric
patients.[7] The burden of this disease varies in different countries and populations,
showing traditionally high-incidence in northern Europe, United Kingdom and North
America.[8, 9] However, recent trends indicate a change in the traditional patterns of IBD
epidemiology, with previously low-risk areas now reporting a continuous rise in incidence,
including regions such as Asia, South America and southern and eastern Europe [10-12];
suggesting that changes in lifestyle, diet, urbanization and other environmental factors play
an important etiological role in IBD. Indeed, disease incidence appears to increase in
parallel to per capita income.[13]

Despite data from developing countries are generally scarce and lack methodological
quality, most suggest low incidence rates. In the case of Colombia, there is not consistent
data showing the current epidemiological situation of the country. Nonetheless, some
studies suggest a similar trend with increasing incidence of IBD.[14, 15]

2.1.2 Immunobiology of IBD
In health, the intestinal immune system is tightly controlled, while in patients suffering

from IBD, immune regulation is disturbed resulting in elevated expression of pro-
inflammatory cytokines.[16] Available evidence suggests that dysregulated innate and
adaptive immune pathways play a pivotal role in disease onset and maintenance.[17] In this
section we attempted to describe the major perturbations that produce IBD, at both levels.
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Figure 2.1. Intestinal Immune Homeostasis and Inflammation. From the immunological
perspective, the intestinal mucosa has two remarkable features. First it has an extensive surface area
(approx. 200 m®) that allows maximum absorption of nutrients, water and electrolytes. Second the
gut lumen is challenged with perpetual presence of commensal microbes. (A) In the presence of a
balanced microbiota (eubiosis), the intestinal immune system induce and maintains tolerance to
food microbes and food antigens through a complex set of innate and adaptive recognition strategies
and effector mechanisms. Intestinal epithelial cells are essential for immune response with secretion
of mucin (produced by goblet cells), antimicrobial peptides (AMPs — produced by Paneth Cells),
epithelial cytokines (TSLP, IL-33, IL-25, BAFF, and APRIL) that promote development of
tolerogenic dendritic cells (DCs; CD103"CX3CR1") and macrophages (M¢). Tolerogenic DCs and
Mg, in turn, induce the development of induced regulatory T cells (iTreg) through processes
dependent on TGF-B and retinoic acid, or IL-10. Additionally, TGF-B from Tregs, as well as
epithelial-derived BAFF and APRIL, promote generation of IgA plasma cells. Immune system also
participates in the maintenance of epithelium integrity with secretion of PGE2 (M¢ and IEC) and
IL-22 (yd intraepithelial lymphocyte) (B) The equilibrium between tolerance Vs. Immune response
is complex and fragile. In the case of IBD, alterations of the microbiota (dysbiosis), injury or
xenobiotics, stimulate the production of pro-inflammatory cytokines that promotes intestinal
inflammation and lack of resolution in genetically predisposed individuals. Abbreviations; APRIL,
a proliferation-inducing ligand; BAFF, B-cell-activating factor of the TNF family; IBD,
Inflammatory Bowel Disease; IgA, immunoglobulin A, PGE2, Prostaglandin E2; TGF- B,
transforming growth factor; TSLP, thymic stromal lymphopoietin. Adapted from [18].

Homeostasis
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2.1.2.1 Innate immunity in IBD

The first physical barrier that intestinal bacteria and food antigens encounter on the
mucosal surface is represented by the intestinal epithelium covered by a mucous layer.[19]
An important characteristic shared by IBD patients is a dysfunctional intestinal epithelial
barrier, which in turn facilitates translocation of harmful substances and pathogens to the
lamina propria, promoting inflammation.[20] Alterations in the intestinal epithelium also
promotes aberrant secretion of mucin compromising the thickness and activity of mucus
layer.[21] In fact, experiments using MUC2”" mice demonstrated an increased sensitivity to
dextran sodium sulfate (DSS) when compared to wild type animals.[22]

Similarly, the expression of Toll Like Receptors (TLR), especially TLR4, is significantly
increased in epithelial cells and lamina propria mononuclear cells (LPMNCs) during active
IBD.[23, 24] Indeed, mutations of TLR4 are strongly associated to IBD development,
particularly if they coexist with mutations of the nucleotide oligomerization domain 2
(NOD2) gene. Activation of TLR4 promotes the expression of nuclear transcription factor-
kappa B (NF-kB), signal transducer and activator of transcription 1 (STATI), mitogen-
activated protein kinases (MAPKs), or Peroxisome proliferator-activated receptor gamma
(PPARY), promoting pro- as well as anti- inflammatory effects. Studies in mice support the
hypothesis that mutations over-activating the TLR4 signaling promote intestinal
inflammation via excessive production of cytokines (TNF, IL-1B, and IL-6).[25] On the
other hand, mutations leading to functional loss of TLR4, or its downstream signaling,
worsen DSS-induced colitis by disturbing intestinal homeostasis.[26, 27] Thus, dysfunction
of TLR4 in both directions aggravates intestinal inflammation.[28]

NOD2 was the first susceptibility gene identified for CD and represents the best
investigated and most well-established susceptibility gene for this disease.[29] Mutations
within the NOD2 gene have only been associated with CD, but not UC, and are present in
about 40% of CD patients.[28] These mutations are located in the C-terminal leucine-rich
repeat domain (LRR), which is responsible for muramyl dipeptide (MDP) recognition.[30]
In addition to the common NOD?2 variants associated with CD [SNP8 (R702W), SNP12
(G908R) and SNP13 (1007fs)], other infrequent variables that are also localized to LRR
have been discovered.[31]

Although the specific mechanisms by which disease-associated NOD2 polymorphisms
contribute to the increased susceptibility to develop CD remains incompletely understood;
some models have been proposed. First, it has been suggested that NOD2 negatively
regulates TIR signaling, and hence NOD2 deficiency would promote excessive response to
TLR ligands. Alternatively, the frame-shift variant (SNP 13) has been suggested to actively
suppress IL10 transcription via inhibiting the nuclear ribonucleoprotein hnRNP-A1.[31]
Finally, a third model proposes that mutated isoforms of NOD2 impair the production of a-
defensins by Paneth cells, promoting alterations in gut microbiota composition.[30] This is
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supported by Wehkamp et al., which reported a remarkable reduced expression of a-
defensins in patients with ileal CD featuring NOD2 mutations (SNP13), when compared to
control patients.[32]

Interestingly, recent evidence indicates that NOD2 is directly involved with autophagy
trough physical interaction with autophagy-related protein 16-1 (ATG16L1), another CD
susceptibility gene associated with Paneth cell dysfunction.[33] Indeed, gene variants of
NOD2 and ATG16L1 are defecting in implementing proper autophagy.[34] Particularly,
CD patients with T300A polymorphism of ATG16L1 display a large proportion of Paneth
cells with abnormal granules; these abnormalities resemble those in mice with deficient
expression of this protein.[35]

Another homeostatic cellular pathway essential for secretory cells, including Paneth cells
and goblet cells, is the Unfolded Protein Response (UPR) that is triggered by Endoplasmic
Reticulum (ER) stress to control proper folding of synthetized proteins.[29] UPR response
might be mediated through IRE1/XBP1, ATF6p90/ATF6p50 and PERK/ATF4 pathways.
In any case, this response reduces the rate of protein synthesis, decreases the load of
proteins entering the ER, and increases the capacity of ER to handle unfolded proteins.[36]
Recent genome wide associated studies (GWAS) showed a significant association of IBD
with X-box-binding protein 1 (XBP1) polymorphisms. Kaser et a/ demonstrated that
specific deletion of XBP1 in intestinal epithelial cells caused severe depletion of Paneth
cells and goblet cells, whereas enterocytes remained completely intact.[37] XBPI
malfunction not only promotes dysbiosis by inhibiting the production of antimicrobial
peptides, it also restrain the immune response to pathogens. As shown by Martinton et al,
XBP1 is fundamental for the optimal response of TLR4 to its ligands, since UPR response
allows the survival of inflammatory cells to the stress promoted by immune activation and
cytokine production. Thus, XBP1 deficient mice developed spontaneous intestinal
inflammation with ulceration, neutrophils infiltration, and crypt abscesses- main features of
human IBD.[38]

2.1.2.2 Adaptive immunity in IBD

Although innate immune responses seem to be a prerequisite for the excessive activation of
adaptive immunity, the latter undoubtedly drives the major tissue damage that is displayed
in IBD patients.[39] Based mainly on the levels of T cell-derived cytokines detected in IBD
mucosa, several studies have associated active disease with low proportion of regulatory T-
cells (Treg) and abnormal development of activated T cells. It is classically considered that
naive CD4+ T cells are differentiated to T helper cell type (Th)l in CD whereas UC is
mediated by Th2 immune responses.[40] However, the notion that UC is a Th2-mediated
disease remains controversial. For instance, UC patients produce low levels of IFN-y
instead of high expression of IL-4. Similarly, lower levels of IL-13 were found in the
colonic mucosa of UC patients compared to CD patients and control subjects.[41]
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CD Thl cells, triggered by increased mucosal level of IL-12, produce high amounts of IL-
2, IL-18, IFN-y, and TNF-0, which in turn enhances the activation of intestinal
macrophages.[17] Although CD has historically been considered a Thl mediated disease,
recent discovery of Thl7 pathway has prompted to reconsider this paradigm, as key
molecules associated with the development, function, and maintenance of Th17 cells are
up-regulated in CD patients compared to healthy subjects.[40]

The pivotal role of Th17 cells in intestinal inflammation is not exclusive to CD. Indeed,
recent data from GWAS have revealed several Th17 risk genes for IBD. The meta-analysis
published by Jostins et al. demonstrated that variants of CCR6, STAT3, JAK2, IL-23R, and
IL12B are associated to both UC and CD phenotypes and hence are included in the IBD
genome.[42, 43] Th17 cells are characterized by the production of large amounts of IL-
17A, IL-17F, IL-21 and IL-22, induced by IL-6 and transforming growth factor (TGF)-p3,
with expansion promoted by IL-23.[43] Following engagement of IL- 23R by IL- 23,
Janus kinase 2 (JAK2) is activated, resulting in JAK2 autophosphorylation and
phosphorylation of IL- 23R. This in turn results in the recruitment, phosphorylation,
homodimerization and nuclear translocation of STAT3.[44] The variant R381Q of IL-23R
has shown a high level of association to IBD susceptibility, probably by affecting JAK2
activity. Moreover, JAK2-STAT3 signaling is also related to IL-10 signaling, that is also
involved in IBD pathogenesis.[45] An additional important gene is CCR6, expressed by
various immune cells, mainly Th17 cells, promoting gut homing.[46] Overall, these
evidence strongly implicate the IL-23 pathway and Thl7 cells as central players in
intestinal inflammation.

Intestinal homeostasis relays in Treg (CD4'CD25"¢"FOXP3") and their ability to suppress
abnormal immune response in the gut environment filled of microbiota and dietary
antigens.[47] Interestingly, Treg cells are depleted in peripheral blood of patients with
active IBD when compared to quiescent IBD and control subjects. Additionally, Treg exert
a potent anti-inflammatory action in experimental colitis.[48]

Although, several mechanisms are involved in Treg immune suppression, the production of
anti-inflammatory cytokines (IL-10 and TGF-p) is probably the most notorious.[47] Studies
in mice highlight the importance of IlI-10 and TGF-B expression during intestinal
inflammation. However, L-10 has particular significance in IBD because IL-10 and IL-
10R2 deficient mice do not develop lethal systemic autoimmunity, as seen in TGF-B1
deficient mice, but instead develop colitis. Moreover, established intestinal inflammation in
mice can be ameliorated via treatment with recombinant IL-10 protein, IL-10 expressing
transgenic T cells, or intestinal bacteria engineered to produce 1L-10.[49]
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Nevertheless, Treg implication in human IBD remains controversial since Treg are
increased in the intestinal mucosa of IBD patients, and their function is normal, as
demonstrated by the ability to suppress the proliferation of effector T cells. Recent studies
suggest that the intestinal milieu in IBD patients alters Treg functional properties rendering
them to a non-suppressive or even pathogenic phenotype. These hypothesis is supported
from the observation that elevated production of IL-1, IL-6 and IL-23 in IBD mucosa,
together with TGF-B, promotes the differentiation T cells into effector cells that sustain
chronic inflammation.[47]
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Figure 2.2. Pathogenesis of Inflammatory Bowel Disease. Although the exact etiology of IBD
remains elusive, it is well recognized that genetic and environmental factors induce impaired
barrier function, along with inadequate immune response. Initiating triggers that cause structural
changes to the intestinal epithelium subsequently induces the translocation of bacteria and
microbial products from the lumen to the lamina propria, which leads to innate immune cells
activation in particular dendritic cells and macrophages, amplification of adaptive response by
Thl, Th2, or Thl7, and elevated pro-inflammatory molecules (NO and PGE2),
cytokines/chemokines (IL-1B, IL-5, IL-6, IL-12, IL-13, IL-15, IL-17A/F, IL-18, IL-22, IFN-y),
and growth factors (TGF-B). If acute inflammation cannot be resolved by anti-inflammatory
mechanisms, then chronic inflammation is developed with promotion of tissue destruction and
causing complications such as fibrosis, stenosis, fistulas, cancer, and/or extraintestinal
manifestations, which are common to all types of IBD. Abbreviations; AMP, antimicrobial
peptides; IBD, inflammatory bowel disease; NSAIDs, non-steroidal anti-inflammatory drugs; NO,
nitric oxide; PGE2, prostaglandin E2; mucosal effector T cells (T helper 1 (Th1), Th2 and Th17);
UPR, unfolded protein response. Adapted from [16]

2.1.3 1IBD Treatment
The primary goal of medical therapy for IBD patients is to suppress intestinal inflammation

to provide relief of symptoms and achieve mucosal healing.[50] Routinely, treatment is
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dependent on disease severity, localization, and associated complications. Regardless of
this, medical management relays in pharmacological therapy and/or surgery to induce and
maintain remission, while preventing complications (megacolon, abscesses, and
fistula).[51]

Standard pharmacological therapy includes the use of aminosalicylates (5-aminosalicylic
acid), steroids (prednisone and prednisolone), and immunosuppressants (cyclosporine,
tacrolimus, azathioprine, and methotrexate).[51] Notwithstanding the cost of the treatment,
these drugs do not induce complete clinical remission while producing serious secondary
effects.[52] Under these circumstances, biological drugs appeared as a hopeful strategy for
IBD management. Infliximab, a chimeric anti-TNF antibody, was the first biologic agent
approved by the Food and Drugs Administration (FDA) in August of 1998. Subsequently,
Adalimumab and Certolizumab pegol were approved. Since then, biological therapy has
been increasingly employed in the treatment of IBD, showing a significant improvement
for patient’s clinical condition.[53] However, the evidence indicates that treatment with
these molecules has not reduced the need of emergency surgery for patients with severe
disease; instead it involves several risks and side effects. Renal complications, delayed
hypersensitivity-like reaction, new onset of autoimmunity, and opportunistic infections are
some examples of complications resulting from the immunosuppression induced by
biological therapy.[52, 53] All these evidence, combined with the significant cost of
biologic therapy compared to traditional drugs (236.370 Vs. 147.763 USD/patient),
indicates the need for new therapies.[54]

Given the low efficacy and safety of standard therapies, the use of herbal medicines is
rising globally. IBD patients favor the use of phytotherapy for two fundamental reasons: the
desire of ending steroid consumption and the lack of confidence in their physician due to
the unsatisfactory treatment.[55] In spite of the great potential of traditional herbal
medicines, few high-quality investigations have been developed.[56, 57] At basic level, the
claim that herbal medicines are useful to treat IBD is often exaggerated. Most of the studies
are performed using plant extracts without any chemical characterization and conclusions
are often based on results of in vitro experiments to evaluate antioxidant or anti-
inflammatory activity. When animal studies are used, researchers often employ a single
acute model of rodent IBD, frequently chemically induced (TNBS/DSS). Similarly, clinical
investigations have serious drawbacks regarding number of patients, short time frames of
administration without long-term follow- up, lack of placebo group, standardized scores for
endoscopic and histologic evaluation, and poor biochemical characterization. In agreement,
Meta-analysis by Rahimi et a/ showed that herbal medicines may induce clinical efficacy in
patients with IBD, but the evidence is too limited to make any confident conclusion.[58] As
a result, the application of medicinal plants to treat IBD is significantly restricted.[55]
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2.2 Physalis peruviana L.

2.2.1 Botanical description
Physalis is a genus of herbaceous plants in the Solanaceae family. The genus comprises

about 120 species distributed throughout the tropical and subtropical regions of the world,
naturally found in America, with a few introduced species in Europe and the countries of
the Southwest and Center Asia.[59, 60] Typical Physalis species are herbaceous and
possess solitary flowers, a yellow corolla, and an accrescent and inflated fruiting calyx.[59]

Physalis peruviana L. [Synonyms: Alkekengi pubescens Moench, Boberella peruviana (L.)
E.H.L. Krause, Physalis esculenta Salisbury, Physalis latifolia Lam., Physalis peruviana
var. latifolia (Lam.) Dunal, Physalis tomentosa Medik][61], is probably one of the best
known species of this botanical genus due to its economic importance.[62] This plant is
indigenous to South American Andes, in the high altitude of tropical Colombia, Chile,
Ecuador and Peru, where the plant grows wild. Currently it can be found in tropical and
subtropical regions including Malaysia, China and the Caribbean, where is grown from sea
level (New Zealand) to 3000 m. elevations (Andes).[63]

Kingdom: Plantae
Phylum: MAGNOLIOPHYTA
Class: Magnoliopsida
Order: Solanales

Family: Solanaceae
Genus: Physalis

Species: peruviana

-\ £ |

Figure 2.3. Images of Physalis peruviana L. The upper part describes the complete taxonomical
classification of cape gooseberry/uchuva (P. peruviana). Pictures of (A.) Leaves and flowers; (B.)
Close-up of flowers; (C.) Fruits enclosed in the parchment-like husk (calyces); and (D.) Fruit with
calix removed. Adapted from [63].

P. peruviana is an herbaceous or soft-wooded, semi-shrub, upright, perennial plant,
profusely branched, with densely pubescent and ribbed, often purplish branches. In natural,
non-managed conditions, plant is known to reach 1.0 to 1.5 m in height.[64] The vegetative
stage is characterized by the occurrence of simple, petiolated, alternate, heart-shaped leaves
that are densely pubescent, with dimensions ranging from 5 tol5 cm long and 4 to 10 cm
wide.[64] Flowers (1.2-1.5 x 1.2-2 cm) occur in leaf axils on 1.5 cm pedicel with bell-
shaped purplish-green pubescent calyx, yellow corolla and purple spotted in throat.[63] The
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flower can be easily pollinated by insects, wind and also by auto-pollination. After
fertilization, the calyx (or husk), which is small at the beginning of fruit development,
grows to a bladder-like, papery organ, which completely encloses the ripening fruit.[64, 65]
This unique structure protects the fruit against insects, birds, disease and adverse climatic
situations. Moreover calyces represent an essential source of carbohydrates during the first
20 days of growth and development.[65] The fruit is a juicy berry, 1.25-2 cm diameter that
turn from green to yellow upon ripening, with numerous flat seeds (2 mm diameter)
embedded in the pulp.[63] When fully ripe the fruit is sweet but with a pleasant grape-like
tang. The calyx is bitter and inedible.

2.2.2 Ethnopharmacology
Most species of the genus Physalis have been used for a long time in the medicinal folk

traditions of Asian and American populations to treat different illnesses, such as malaria,
asthma, hepatitis, dermatitis, rheumatism, liver disorders, and as an anti-mycobacterial,
anticancer, anti-leukemic, antipyretic, and immunomodulatory agents.[60]

P. peruviana is a valued medicinal plant widely used in folk medicine of South America
and Africa. The traditional uses reported for this species are presented in Table 2.1.

Table 2.1 Traditional Medicinal uses of Physalis peruviana L.
Part of the

Slant Traditional Use Preparation  Country Ref
Diuretic and anti-asthmatic Decoction Colombia
Inflammation Poultice South
Enema for abdominal ailments Infusion Africa
Parasites and bowel complaints Juice Southern
Africa
LEEGE Diarrhea Decoction South 6501
Africa
Diabetes, Malaria, Pneumonia Decoction Kenya
Skin fungal infections Juice Tanzania
Labor Inducer Juice Uganda
Cough medicine Decoction Colombia
Flower Skin infections/problems. . Ecuador [72-74]
. Decoction
Promote wound healing Uganda
Inflammation
Calyces Cancer Poultice Colombia [75]
Diuretic
. Pteryglum,‘Catgracts Juice Colombia  [65, 72,
Fruit Albuminuria Peru 76, 77]
Diabetes Daily intake ’
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2.2.3 Anti-inflammatory activity
The majority of bioassay data describing the pharmacological activity of P. peruviana L.

indicates an important antimicrobial, cytotoxic, antioxidant and anti-inflammatory effect.
This section focuses on the studies related to inflammation.

Wu et al reported that a supercritical carbon dioxide extract from P. peruviana leaves
(SCEPP-5; 30 pg/mL) possessed a strong inhibitory activity in lipopolysaccharide (LPS)-
activated RAW264.7 cells, reducing nitric oxide (NO) and prostaglandin E2 (PGE2) levels
through attenuation of nitric oxide synthase (iNOS) and cyclooxygenase-2 (COX-2) protein
expression.[78] Recently, Sang-ngern et al described the isolation of 4-
hydroxywhitanolide E from aerial parts of P. peruviana, which inhibited TNF-a induced
NF-kB activity in stably transfected human embryonic kidney cells NF-kB Luc293. This
effect correlated with a strong inhibition of NO production by LPS-induced RAW264.7
macrophages.[79]

The bioactivity of P. peruviana fruit juice has also been studied. Pardo et al/ found a mild
anti-inflammatory effect of the juice in a rabbit eye inflammatory model. In addition,
authors established a concentration-dependent cytostatic effect on cultured fibroblasts.
Overall, the evidence might correlate with the traditional employment of P. peruviana to
treat pterygium.[76]

In agreement with the traditional employment of P. peruviana calyces, several studies have
demonstrated a strong anti-inflammatory activity in vivo and in vitro. The ethereal extract
and various fractions from P. peruviana calyces were found to potentially inhibit the ear
edema induced by 12-O-tetradecanoyl-phorbol-13-acetate (TPA). Authors highlighted the
activity of fraction Pp-D28-LF, which demonstrated a dose-dependent activity as well as
easy isolation and good yield.[75] In another study, this fraction was shown to exert a 40%
inhibition of the acetic acid induced writhing (acute visceral nociception) and the licks
during phase II (acute inflammatory nociception) of the formalin test; which suggests that
anti-nociceptive effect of P. peruviana calyces might be related to NSAID-like
mechanisms.[80] A complementary work from the same research team, showed the
bioguided isolation of rutin and nicotoflorin from the ethanolic extract of P. peruviana
calyces, using TPA-induced ear edema.[81]

Furthermore, a strong immunomodulatory effect of ethereal extract and fractions from P.
peruviana calyces was demonstrated by Martinez et al when studying Leishmania
panamensis infection to murine macrophages. In this study, extracts and fractions increased
the proportion of infected cells with parasites by down-regulating macrophage activation,
and a strong inhibition of pro-inflammatory cytokines (IL6, TNF-a, and MCP-1).[82]
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3.1 Abstract

Physalis peruviana L. is a native plant from the South American Andes that is widely used
in the traditional medicine of Colombia as anti-inflammatory medicinal plant, specifically
the leaves, calyces, and small stems in poultice form. Previous studies performed by our
group on P. peruviana calyces showed potent anti-inflammatory activity in an enriched
fraction obtained from an ether total extract. The objective of the present study was to
obtain and elucidate the active compounds from this fraction and evaluate their anti-
inflammatory activity in vivo and in vitro. The enriched fraction of P. peruviana was
purified by several chromatographic methods to obtain a mixture of two new sucrose esters
named peruviose A (1) and peruviose B (2). Structures of the new compounds were
elucidated using spectroscopic methods and chemical transformations. Acute toxicity was
assessed to define the dosage levels for bioactivity evaluation. The anti-inflammatory
activity of mixture of peruvioses was evaluated using A-carrageenan-induced paw edema in
rats and LPS-activated peritoneal macrophages. Results showed that peruvioses have toxic
effects at doses above 200 mg/Kg without producing toxicity on liver and kidney. On the
other hand, peruvioses significantly attenuated the inflammation induced by A-carrageenan
in a dosage-dependent manner, probably due to an inhibition of NO+ and PGE2, which was
demonstrated in vitro. To our knowledge, this is the first report of the presence of sucrose
esters in P. peruviana, which showed potent anti-inflammatory effect. These results suggest
the potential of sucrose esters from Physalis genus as a novel natural alternative to treat
inflammatory diseases.

Key words: Sucrose esters, Physalis peruviana, Solanaceae, NO, PGE2, TNF-a

3.2 Introduction

Inflammation is a frequent and immediate response to external and internal injurious
stimuli including: infections, chemicals, physical stress, and immune pathologies. It is a
complex phenomenon that involves many cell types and cellular pathways.[1] Molecules
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produced during inflammation trigger pain receptors, induce local vasodilatation and recruit
phagocytic cells, especially neutrophils and macrophages, which then activate other
immune system components.[2] Excessive or persistent inflammation leads to
overproduction of mediators, that are a key factor for the development of severe
pathologies such as rheumatoid arthritis [3], bacterial sepsis [4], asthma [5], atherosclerosis
[6], inflammatory bowel disease [7], and cancer [8], which represent an important cause of
morbidity worldwide. Thus, reduction or elimination of the persistent inflammatory
response and/or the overproduction of pro-inflammatory mediators, is an important target to
prevent or treat these diseases.[9]

Plants represent an excellent source to obtain new drugs, as they constitute an immense
reservoir of structurally diverse secondary metabolites that might potentially inhibit the
inflammatory process by affecting different molecular targets.[4] In this sense, Physalis
peruviana L. (Solanaceae) widely used in traditional medicine as a diuretic and
hypoglycemic agent and to treat malaria, asthma, hepatitis, dermatitis, rheumatoid arthritis
[10], represents a promissory source of bioactive compounds. This has been experimentally
validated, with extracts showing relevant antioxidant [11, 12], antiproliferative [13-15],
cytotoxic [16], anti-hepatotoxic [17], hypoglycemic [18], immunomodulatory [19], and
anti-inflammatory activities [20, 21].

P. peruviana also known as “uchuva” in Colombia or “gooseberry” in English speaking
countries, is native from tropical South America and characterized because the fruit grows
enclosed in a papery husk or calyx, which is one of the best-known examples of persistent
sepals due to its conspicuous post-floral growth and enlargement.[22-24] P. peruviana
calyx protects the fruit against insects, birds, diseases, and adverse climatic situations; this
structure represents an essential source of carbohydrates during the first 20 days of growth
and development of the fruit, and conserve it even after harvest, allowing a shelf life of one
month with it, whereas without calyx is 4 to 5 days or so0.[23, 24] Three varieties of P.
peruviana are currently grown, originating from Colombia, Kenya and South Africa. The
ecotype Colombia, which has a great demand on the international markets, presents small
and colorful fruits and different morphological characteristics in the calyx.[25] Although
the fruit is highly appreciated for its commercial value, the calyx constitutes a waste
generated in fruit production as well as an unexplored source of bioactive molecules.

The experimental studies in P. peruviana have been focused in the chemical and biological
characterization of the whole plant, stems, leaves, and fruits, with only few reports for
calyces. Chemical studies on P. peruviana, mainly in the aerial parts, showed presence of
withanolides, steroids, alkaloids, and glycosides.[15-17, 23, 26] Phytochemical studies
made in our research group on P. peruviana calyces indicated presence of flavonoids,
steroids and/or triterpenes, and lactones a-f unsaturated. Our previous studies, also
demonstrated that the major fraction obtained from the ether extract of P. peruviana
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calyces, showed potent anti-inflammatory activity in a TPA-induced ear edema model, with
inhibition nearly to 70%.[20] In this work we elucidated the structure of two new sucrose
esters from this major fraction, and evaluated their anti-inflammatory activity in vivo in the
A-carrageenan-induced paw edema model and the in vitro effect on nitric oxide (NO¢),
prostaglandin E2 (PGE2), and tumor necrosis factor alpha (TNF-a) production from LPS-
stimulated murine macrophages. Sucrose esters have been isolated from Physalis species in
fruits, flowers, and stems.[27-29] To our knowledge, this is the first report on the presence
of sucrose esters in calyces of Physalis genus.

3.3 Material and Methods

3.3.1 Experimental Instrumentation and Chemicals
Melting points were determined by Differential Scanning Calorimetry-DSC7 (Perkin-

Elmer, USA) and are uncorrected. IR spectrum was recorded on a FTIR (Perkin Elmer
1600 series). NMR spectra were obtained on a Bruker AMX-500 spectrometer, with TMS
as internal standard. FAB-MS were obtained on Kratos MS80-RFA mass spectrometer. A
Hitachi-LaChrom Elite® apparatus equipped with photodiode array detector (PDA) was
used for analytical HPLC separations. Reversed-phase chromatography was performed with
a 100 x 4.6 mm Chromolith® C-18 column (Merck, Germany). TLC was performed on
silica gel 60 F254 plates (250 um thickness; Merck, Germany). Silica gel 60 (0.063-0.200
mm) and ammonium hydroxide (NH4OH) were also obtained from Merck. All solvents
were of analytical grade and purchased from Merck. A plethysmometer (model 7140 Ugo
Basile, Italy) was used to determine paw volume in rats.

3.3.2 Plant Material
Calyces of Physalis peruviana L. were collected in La Mesa, Colombia (4° 37 49.22°" N;

74° 27" 45.60°° W; elevation 1198 m.a.s.l.), in November 2003. Taxonomic identification
was performed by Clara I. Orozco at Herbario Nacional Colombiano (Instituto de Ciencias
Naturales, Universidad Nacional de Colombia), Bogotd, Colombia, where a voucher
specimen (COL-512200) has been deposited.

3.3.3 Extraction and Isolation
Dried calyces (2 kg) were powdered and extracted with petroleum ether by percolation at

room temperature, until exhaustion of the material. The concentrated extract (271.6 g) was
partitioned with ether and methanol-water (9:1) to give a polar fraction (223.3 g). This
fraction (22 g) was subjected to column chromatography (CC, 14x30 cm columns
dimension) on silica gel (600 g, 0.063-0.200 mm) and eluted with petroleum ether,
dichloromethane, ethyl acetate, and methanol mixtures gradually increasing polarity.
Fractions were combined based on TLC examination using a proper mobile phase and
visualized by heating after spraying with Godin reagent [30] to obtain 38 main fractions
with a 94.77% of efficiency. The major fraction (8.23 g), named Pp-Das-LF [20], was
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subjected to analytical HPLC analysis using a mixture of methanol and 0.07M monobasic
potassium phosphate buffer (6.5:3.5, pH 4.0) as mobile phase, 1 mL/min flow rate and
operating temperature of 25 °C; to show one component that constituted nearly 82% of the
mixture. This major fraction (2 g) was purified by CC (gradient elution CH,Cl, to EtOAc)
followed by two successive preparative TLCs (eluent CH,Cl,-EtOAc 4:6) to yield 293 mg
of an inseparable mixture of two new sucrose esters: Peruviose A (1) and Peruviose B (2).
Their structures were elucidated trough IR, FAB-MS and extensive 2D NMR methods
including, '"H-NMR, C-NMR, Dep90, Dep135, HMBC, and NOESY (Appendix 2).

Peruviose A and B (1 and 2). Light yellow gummy solid mixture of (1) and (2); Rf 0.489
on silica gel 60 F-254 (CH,Cl,/EtOAc, 4:6); Purity (HPLC): 99.05% (trx 2.35 min;
CH3;OH/KH,PO; (0.07 M), 6.5:3.5, pH 4.0); mp 20-22 °C (uncorrected); UV (EtOH) Amax
220 nm; [o]p™ “=+52.08, IR (KBr) vmex 3411, 2927, 2858, 1746, 1191, 1155, 1063, 1017
cm™; 'H-NMR (500 MHz, CDCl;), C-NMR, HMBC and NOESY (125 MHz, CDCls)
spectra. FAB-MS: (1) m/z 729 [M+Na]+ (calcd. for C34HsgOy5Na), m/z 233 [C1oH70¢], m/z
155 [C1oH90], and m/z 71 [C4H70]; (2) m/z 743 [M+Na]", (calcd. for C35sHgO5Na), m/z
247 [C11H1906], m/z 155 [C10H190], m/z 85 [CngO], and m/z 71 [C4H70]

3.3.4 Chemical modifications
To verify the presence of glycosylated esters and the absolute configuration of the sugar

moiety, the mixture of peruviose A and B (10 mg) was hydrolyzed with 2 mL of NH,OH
2M for 4 hours at 50 °C. The reaction mixture was adjusted to pH 3 by addition of formic
acid 2M, and subjected to successive liquid-liquid extraction with ethyl acetate (3x3 mL).
The aqueous solution was used to determine the absolute configuration of glycosides.
Additionally, 90 mg the mixture of compounds were acetylated by usual procedure with
acetic anhydride and pyridine (5:1 per gram of the compound), to yield 90.9 mg of the
acetylated material (efficiency 81.9%), after usual work-up. Acetylated peruviose A and B
(3 and 4), were submitted to 'H-NMR, “C-NMR, Dep90, Dep135, HMBC, NOESY and
FABMS, to confirm the elucidation of their structure.

Acetylated peruviose A and B. Light yellow gummy solid; NMR (500 MHz, CDCl;)
FAB-MS: m/z 897 [M+Na]" (calcd. for C4,HesO19Na), and m/z 911 [M+Na]" (caled. for
C43HssO19Na).

3.3.5 Experimental animals
Female Wistar rats (140-170 g) and ICR mice (20-25 g) were provided by Instituto

Nacional de Salud, Colombia. Animals were allowed to acclimatize for 10 days before use
and fed with standard rodent food and water ad libitum. They were housed in filtered-
capped polycarbonate cages and kept in a controlled environment at 22+3 °C and relative
humidity between 65 to 75%, under a cycle of 12 h light/darkness. Animals were sacrificed
by cervical dislocation at the corresponding time of each experiment. All experiments were
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designed and conducted in accordance with the guidelines of the Ethics Committee of
University of Cartagena (Minutes of October 14 of 2010, Appendix 3) and the European
Union regulations (CEC council 86/809).

3.3.6 Acute toxicity
The acute toxicity test was carried out to evaluate any possible toxic effect exerted by the

mixture of peruviose A and B from P. peruviana calyces. Mice were randomly divided into
ten groups of six animals per group, and treated intraperitoneally with graded doses of
sucrose esters ranging from 0 (control) to 300 mg/Kg. Mice were observed for 24 h post-
treatment for mortality, behavioral changes and signs of toxicity. Lethal dose 50 (LDs)
value was determined by the Miller and Tainter method.[31] At the end of experiment, all
animals were sacrificed and kidney and liver were carefully excised for histological
examination, fixed in 4% buffered formaldehyde, embedded in paraffin, and stained with
hematoxylin and eosin using standard techniques. All slides were coded and evaluated in a
blinded manner by a pathologist observer according to the parameters described in
Appendix 4.

3.3.7 A-Carrageenan paw edema
The anti-inflammatory activity was evaluated according to the method described by Winter

et al.[32] Edema was induced by sub-plantar injection of A-carrageenan (0.1 mL of a 2%
solution) in the right hind paw of each animal. Rats were randomly divided into five groups
of six animals each, and Saline (Control), Indomethacin 10 mg/Kg (positive control), or the
mixture of peruviose A and B (100, 50 and 25 mg/kg) was prophylactically administered
(i.p.), 1 h before administration of A-carrageenan. Paw volume was determined by means of
a volume displacement method using a plethysmometer immediately prior to the injection
of A-carrageenan and thereafter 1, 3, and 5 h. Edema was expressed as the increase in paw
volume (mL) after A-carrageenan injection relative to the pre-injection value for each
animal.

3.3.8 MTT assay
The mitochondrial-dependent reduction of MTT to formazan was used to assess the

cytotoxic effect of test compounds.[33, 34] Cells (1x10° cells/mL) were cultured at 37°C
with various concentrations of peruviose A and B (0.1-100 pg/mL). Triton X-100 (20 %)
was used as positive control. After 24 h, the medium was removed and cells incubated with
MTT solution (3 mg/mL). Four hours later, the medium was carefully aspirated and
formazan crystals were dissolved in DMSO (100 pL). ODssyp was measured using a
microplate reader (Multiskan EX Thermo®).

3.3.9 NO production
NOe release was determined spectrophotometrically by the accumulation of nitrite (NO,),

stable metabolite of the reaction of NOe¢ with oxygen, using the Griess reaction [35].
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Briefly, 100 pL of cell culture supernatant was mixed with 100 pL of Griess reagent (1:1
mixture of 0.1% N-(1-naphthyl) ethylenediamine dihydrochloride and 1% sulfanilamide in
5% H3PO4), and incubated at room temperature for 5 min. The ODssy of the samples was
measured using a microplate reader and compared with a standard curve prepared with
NaNO, (1-200 uM). Additionally, a direct NOs-scavenging effect of peruviose A and B,
was determined as described in Supporting Information.

3.3.10 TNF-a and PGE?2 release
Levels of TNF-a and PGE2 in culture supernatants were determined using commercially

available ELISA kits (R&D Systems) according to the manufacturer’s instructions. Final
results were expressed as ng/mL.

3.3.11 Statistical Analysis
Data are presented as Mean + Standard Error of the Mean (SEM). Concentrations that

inhibited cell survival (LCsp) and inflammatory mediators (ICsp) by 50% were calculated
employing non-linear regression. Statistical comparisons between groups were established
using analysis of variance (ANOVA), followed by Dunnett test post hoc analysis. P values
less than 0.05 were considered statistically significant.

3.4 Results and Discussion

Colum chromatographic purification of the methanol-water soluble fraction, obtained by
liquid/liquid partition from the total ether extract of P. peruviana calyces, provided a major
fraction which constituted 3.03% of the initial material and was subjected to preparative
TLC to lead the isolation of one spot that showed a single peak on reversed-phase HPLC.
However, spectroscopic signals of this fraction revealed a mixture of two new sucrose
esters: Peruviose A (1) and B (2), occurring in a 6:4 ratio, respectively. All attempts at the
separation of the components with several combinations of solvent systems using
preparative TLC and HPLC were ineffective. Therefore, we elucidate their structures by
analyzing the spectroscopic data of the mixture.

'H-NMR and "C-NMR signals and the connectivities observed in the HMBC and NOESY
spectra for (1), revealed the presence of one pyranose and one furanose units as the
monomers of a disaccharide structure, as well as four acyl substituents: three isobutanoyl
and one decanoyl chains (Table 3.1 and Figure 3.1). The relative configuration of the
sugars was determined using comparisons of 'H-NMR coupling constants and *C-NMR
chemical shifts with literature values.[26-29] The pyranose was identified as a-D-
glucopyranose by the observed coupling constants (J1, = 3.7 Hz, J,3 = 10.4 Hz, J34 = 9.4
Hz) that also established H-1 as equatorial, whereas the strong coupling observed between
H-2 and H-3, H-3 and H-4, and H-4 and H-5 established these protons as axial. On the
other hand, the furanose was identified as f-D-fructofuranose showing the following
coupling constants (J3-4(H3")=/54(H4")=8.2 Hz). The NOE contact between glucose H-1
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to H-1a" and H-1b" of the fructose ring, confirmed the glycosidic linkage with a- and B-
orientation on the anomeric carbon for D-glucose and D-fructose, respectively. Moreover,
HMBC signal between H-1 and C-2" unequivocally indicates the 1,2 linkage between D-
glucose and D-fructose.

Figure 3.1. Structure of Peruviose A
(1) and B (2) isolated from calyces of
Physalis peruviana.

1 2
R1 Isobutyryl Isobutyryl
R2 Isobutyryl Isobutyryl
R3 Isobutyryl 3-methylbutanoyl

Compounds (1) and (2) were isolated as a gummy solid, 99.05% purity based on HPLC,
that exhibited in the IR spectrum strong absorption bands for hydroxyl (v=3411 c¢m™) and
saturated ester functions (v=1746 cm™"). Despite the fact that it was a mixture, NMR spectra
displayed many duplicated peaks slightly displaced and MS showed similar but
distinguishable fragmentation pathways, which allowed the elucidation of both compounds
separately.

The positions of all substituents in the disaccharide structure were determined from the
analysis of the HMBC spectrum, which showed correlations between H-2 and the
carboxylic carbon C-1"". This data evidences that the aliphatic decanoyl chain is placed in
the position 2 of the glucose unit. On the other hand, HMBC spectrum showed correlations
between H-3 of the glucopyranose and C-1""" of an isobutanoyl group, which in turn is
coupled with H-3""’. The same bidimensional spectrum showed connectivities of H-4 with
C-1"""’ of another isobutanoyl group, which is coupled with H-3""". In the furanose moiety
a clear correlation between H-3 and carboxylic C-1°"""" was found, indicating that another
isobutanoyl substituent was located in position 3 of this unit.

This analysis led us to elucidate the structure of the new compound 2-O-decanoyl-3,3",4-
tri-O-isobutanoylsucrose named Peruviose A (1), C;,Hs,O,5. The adduct ion peak at m/z 729
[M+Na]" obtained by FABMS, as well as fragments at m/z 155 (decanoyl) and m/z 71
(isobutanoyl), are in agreement with the proposed molecular formula and structure.
Additionally, the ion peak at m/z 897 [M+Na]® (caled. for C,HO,Na) of the
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corresponding acetylated derivate confirmed the presence of the four ester groups, while
the fragment at m/z 233 supported the proposed substitution of the furanose moiety.

Table 3.1. NMR spectroscopic data for Peruviose A (1) in CDCl; (500 MHz for 'H and

125 MHz for °C)
Number "H [6(ppm), m,*J (Hz)] “C (3, ppm)/DEPT  NOESY HMBC
Glucose-1 5.59.d, 3.7 89.40/CH H-2,H-1’a, H-I'b  C-5,C-2’
2 4.96-4.90 * 70.06/CH H-1’a C-3,C-17
3 5.48, dd, 10.4, 9.4 69.02/CH H-5 C=2, €4y, C=17"
4 4.90-4.96 * 68.25/CH H-6 gf 0 S
5 4.12-4.19 * 72.18/CH H-6
6 3.60, m 61.60/CH, H-4’
Fructose-1’a 3.58,d,12.0 H-3’, H-5°
I’b 3.45,d,12.0 SEAEE D H-3°
2 — 103.81/C
3 5.20,d, 8.2 79.26/CH H-5’ g} ot
4 4.56,1, 8.2 71.19/CH H-6’a, H-6’b C-3°,C-5,C-6°
5 3.94, m 82.55/CH c-4
6’a 3.90, m c-4
vy S 59.73/CH,
1 — 172,88/C=0
2° 225, m 33.85/CH, H-37, H-4” c-3”
37 1.54, m 24.55/CH, H-4” =2
AP~ 1.24, s wide 29.33-29.06/CH,
8" 1.24, s wide 31.82/CH,
9 1.24, s wide 22.63/CH,
10> 0.87,1,7.0 14.06/CHj C-8°’,C-9”
199 — 175.74/C=0
20 245,m,7.0 33.89/CH H-3"a, H-3"’b
3a 1.07,d, 7.0 C=2*
o 15 7 18.79-18.70/CH; .
199 — 175.98/C=0
D 251,m, 7.0 33.93/CH H-377a,H-37"’b  C-377
377 1.13,d, 7.0 =27

o 18.79-18.70/CH

377 1.06,d, 7.0 79-18.70/CH; =27
19999 — 177.87/C=0
2P 2.75,m, 7.0 34.02/CH H-3"7a, H-3"’b  C-377”
377 1.32,d,7.0 18.87/CHj CAP
3777 1.29,d, 7.0 18.87/CHj CAP

* The multiplicity could not be determined.

Compound (2) was identified on the basis of 1D and 2D NMR analysis and FABMS
spectra in a similar manner. This analysis pointed out that both compounds shared an
almost identical structure with an esterified sucrose core with four acyl groups (Table 3.2
and Figure 3.1). The only difference between these compounds was observed in the HMBC
correlations of (2) with the presence of a connectivity signal between H-3" and C-1""""’
corresponding to a 3-methylbutanoyl substituent. The quasimolecular ion peak m/z 743
[M+Na]" obtained by FABMS, as well as fragments at m/z 155 (decanoyl), m/z 71

b
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(isobutanoyl), and m/z 85 (3-methylbutanoyl), supported the structural characteristics of the

acyl groups. Peak at m/z 247 also corroborates the difference on the furanose moiety

substitution and confirms the structure of the new sucrose ester derivative 2-O-decanoyl-

3,4-di-O-isobutyryl-3"-O-(3-methylbutanoyl)sucrose, named Peruviose B, C;sH,O,5. After
acetylation of this compound, the ion peak at m/z 911 [M+Na]" (calcd. for C,;HO,9Na)
also confirmed the presence of the four original ester groups on the sugar moiety.

Table 3.2. NMR spectroscopic data for Peruviose B (2) in CDCl; (500 MHz for 'H and

125 MHz for “C)
Number 'H [6(ppm), m, *J (Hz)] 3C (3, ppm)/DEPT NOESY HMBC
Glucose-1 5.60,d, 3.8 89.42/CH H-2, H-1’a, H-1’b C-5,C-2
2 4.96-4.90 * 70.13/CH H-1’a Cc-3,C-17
3 5.46, dd, 10.3, 9.4 69.05/CH H-5 C-2,C-4,C-1"”
4 4.90-4.96 * 68.30/CH H-6 gf ’,,(,:,'5 » C-6,
5 4.12-4.19 * 72.01/CH H-6
6 3.60, m 61.55/CH, H-4°
Fructose-1’a 3.58,d,12.0 H-3’, H-5°
I’b 3.45,d, 12.0 Sad(Clb H-3’
2 — 103.89/C
3’ 5.23,d 8.2 79.12/CH H-5° g:},:,?,"‘ ’
4 4.56,1, 8.2 71.15/CH H-6’a, H-6’b C-3°,C-5°, C-6°
5 3.96, m 82.55/CH c-4
6’a 3.92, m c-4
’ 59.79/CH
6’b 371, m 9.79/CH,
1 — 172,88/C=0
2” 225, m 33.85/CH, H-3"’, H-4” Cc-3”
37 1.54, m 24.55/CH, H-4” C2
477 1.24, s wide 29.33-29.06/CH,
8 1.24, s wide 31.82/CH,
9” 1.24, s wide 22.63/CH,
10> 0.87,1, 7.0 14.06/CH; C-8,C-9”
> — 175.64/C=0
2 2.45,m, 7.0 33.88/CH H-3""’a, H-3"’b
3’a 1.08, d, 7.0 c-2”
o 18.79-18.70/CH
3"’b 1.07,d, 7.0 79-18.70/CH, c-2”
17 — 176.06/C=0
27 2.52,m, 7.0 33.91/CH H-3"a, H-3">"’b C-5®
377a 1.144,d, 7.0 c-2”
> 18.79-18.70/CH
3°b 1.119,d, 7.0 79-18.70/CH, 27"
1 — 174.06/C=0
2 ?’jg) ABX-SyStem7 70! 4314/CH2 H-4””’a, H_4nn9b C_4nnaa
37 220, m 25.86/CH H-47a, H-4>7"b  C-27
4700y C2 C3,
1.05,d, 6.7 22.42/CH, Cah
47’7’7b C_2’7”” C'3””’7
1.04,d, 6.7 22.29/CH; T

* The multiplicity could not be determined.
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Determination of the absolute configuration of the sugar moiety was performed by alkaline
hydrolysis and comparison with a sucrose authentic standard. The product of the hydrolysis
of peruviose A and B (1 and 2) with NH,OH (2M) yielded a product with identical absolute
configuration ([o]p" © product = +62.2) in respect to sucrose standard [a]p™’ © standard =

+60).

Acylsucroses are considered the main protective constituents of the resin covering the inner
parts of the calyces of several Physalis species, since other known sucrose esters exhibit
aphicidal, molluscidal, and antifeedant activities.[29] Consequently, we performed an acute
toxicity evaluation of the mixture of peruviose A and B, which did not produce mortality or
visible signs of toxicity within 24 h when administered intraperitoneally (i.p.) at doses
below to 100 mg/Kg. Doses higher than 200 mg/Kg produced toxic effects in a dose
dependent-manner with slight hypoactivity, weakness, and labored breathing before animal
death, accompanied by permanent piloerection (Table 3.3). The LDsy was estimated to be
223.59 (95% confidence interval 209.91-234.52) mg/kg.

Table 3.3. Acute toxicity in mice after 24 h of administration of a mixture of Peruviose
A and B isolated from Physalis peruviana calyces.

Dose D/T®  Mortality Signs of Toxicity observed
(mg/Kg)* Latency®
0 06 - No toxic changes observed

100 06 - No toxic changes observed. Abdominal contractions.
150 06 - Abdominal contractions. Slight hypoactivity in the first
175 06 - 30 min.

200 06 - Abdominal contractions. Slight hypoactivity in the first 2 h.
215 3/6  >5h,<24h Abdominal contractions. Piloerection. Slight hypoactivity in

the first 2 h. Marked hypoactivity, peripheral cyanosis and
respiratory arrest before death.

230 4/6  >5h,<24h

240 5/6  >3h,<24h Abdominal contractions. Piloerection. Marked hypoactivity.

250 5/6  >5h,<24h Peripheral cyanosis and respiratory arrest before death.

300 6/6 3-10 h
a.) The mixture of peruviose A and B was co-precipitated with PVP K-25, dissolved in saline and
administered as a single i.p. dose to groups of six mice, which were carefully examined for any
signs of behavioral changes and mortality for 24 h. b.) D/T refers to number of mice deaths/total
number of mice; c.) Mortality Latency refers to the time to death (in hours) after the injection. d.)
Abdominal contractions were noted only after the administration of treatments (10-20 min).

The toxicity of peruviose A and B was significantly high as expected, not only because of
the known toxicity of sugar esters [36], but also because of the nearly complete access of
tested compounds to general circulation. However, sub-chronic and chronic toxicological
evaluations, employing several routes of administration, are needed before further studies
with these molecules.
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During necropsy, macroscopic examination did not show detectable changes in the shape,
color, and size of liver and kidney due to the administration of peruviose A and B. In
addition, histopathological evaluation did not reveal significant changes in tissue
architecture, inflammatory cell infiltration, swelling or necrosis, in comparison to control
group (Figure 3.2). Our results directly demonstrated that toxicity induced by peruviose A
and B is not mediated through effects on liver or kidney function. Future studies should
include examination of other vital organs like brain, heart, lung, and spleen.

Liver Kidney

A Control 230 mg/Kg B Control 230 mg/Kg

215 mg/Kg

s I

Total Score (0-27)
Total Score (0-24)

Control 200 215 230 250 300 Control 200 215

Peruviose A and B (mg/Kg) Peruviose A and B (mg/Kg)

Figure 3.2. Peruviose A and B isolated from Physalis peruviana calyces did not produced
an effect on the histological structure of liver (A) and kidney (B) of mice treated i.p. with
doses of the mixture of sucrose esters ranging from 0 (control) to 300 mg/Kg for 24 h.
Micrographs are representative of histological section of organs stained with hematoxylin and
eosin (Magnification 10X). A blinded pathologist assigned a score according to the
parameters described in Appendix 4. Each value represents the mean+S.E.M (n=6).

Based on the experimental LDs, it was decided to select lower doses than 200 mg/Kg to
evaluate the anti-inflammatory effect of sucrose esters employing the A-carrageenan paw-
edema test, a classical model of acute inflammation for the discovery of anti-edematous
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agents.[37] Sub-plantar injection of A-carrageenan generated an increase in paw volume of
rats in control group, which intensify progressively to reach a maximum peak at 5 h
(134.15% of increase). As can be seen in Figure 3.3, peruviose A and B mixture (25, 50,
and 100 mg/Kg, i.p.) significantly inhibited the edema induced by A-carrageenan in a dose-
dependent manner as early as 1 h after induction of inflammation. The highest effect of the
mixture was produced at 3 h by the dose of 100 mg/kg (62.58+3.35% of inhibition).

cin (10 mg/K g)
A and B (25 mg/Kg) T
A and B (50 mg/Kg)
Peruviose A and B (100 mg/Kg)

tihow

 Peruviose A and B (mg/Kg) |
k !

w4
T

Delta volume (mL)
Area Under Curve (AUC)

0 2 4 p Control 25 50 100 Indomethacin

Time Following Carrageenan Injection (Hours)
A-Carrageenan

Figure 3.3. Anti-inflammatory effect of the mixture of Peruviose A and B on A-
carrageenan induced paw edema. Six rats per group were administered with sucrose esters
(25, 50 and 100 mg/kg, i.p.) or Indomethacin (10 mg/kg, i.p.), 1 h before A-carrageenan
injection. Paw volume was measured at 1, 3 and 5 h intervals, after irritant agent
administration, and data expressed as: (A) delta volume (mL), which denotes the degree of

swelling after A-carrageenan treatment or (B) area under curve (arbitrary units). Each value
represents the mean+S.E.M. *P<0.05, **P<0.01, ***P<0.001, ANOVA followed by Dunett
test, statistically significant compared with control group.

In vivo anti-inflammatory activity of four related sucrose esters isolated from Physalis
sordida Fernald (Cls0=0.24-0.35 umol/ear), has been recently described.[38] We have also
demonstrated the effect of the major glycosidic fraction from P. peruviana calyces, which
includes peruviose A and B among its constituents, using the TPA-induced ear edema
model.[20] These experimental evidences suggest that the presence of sucrose esters can be
highly related to the anti-inflammatory activity exerted by some plants of this genus.[38]
However, the mechanism underlying this pharmacological activity has not been described.

Edema is an essential feature of acute inflammation caused by increased vascular
permeability.[39, 40] The effect induced by A-carrageenan is a biphasic response with
multiple mediators acting in sequence. The first phase (0-1 h) is triggered through the rapid
release of histamine, serotonin, and bradykinin. The more pronounced second phase (1-6
h), is elicited by the production of prostaglandins and NOe¢ by inducible isoforms of
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cyclooxygenase (COX-2) and nitric oxide synthase (iNOS), respectively.[39, 41] Since our
results suggest that the anti-inflammatory effect produced by the mixture of peruviose A
and B is due to the inhibition of the synthesis or release of the pro-inflammatory mediators
from the second phase, and considering a previous study which reported inhibition of LPS-
induced NOe< and PGE2 generation on RAW 264.7 macrophages by a supercritical fluid
extract of P. peruviana leaves [21], we decided to further evaluate the effect of the mixture
of sucrose esters from P. peruviana calyces, in the production of some of the major
mediators of acute inflammation: NOe, PGE2 and TNF-a, by LPS-stimulated mouse
peritoneal macrophages.

Macrophages play a pivotal role in host defense against bacterial infection, being the
principal cellular target for LPS, the major component in the outer membrane of Gram
negative bacteria cell walls, which stimulates the secretion of NO+ and PGE2 as well as
pro-inflammatory cytokines including TNF-a, interleukin (IL)-1f, and IL-6.[42] To verify
whether peruviose A and B are able to inhibit the production of NO« and PGE2, we first
evaluate their effect on cell viability, employing MTT assay. As shown in Figure 3.4A, the
mixture of Peruvioses inhibited the cell viability in a concentration-dependent manner,
LCso 25.41 (15.28-40.24) pg/mL, without exerting significant toxicity at 10 pg/mL.
Therefore, concentrations employed in the subsequent experiments were equal or less than
this concentration.

NOe is a gaseous signaling molecule that plays a crucial role in host defense mechanisms,
via its antimicrobial and cytoprotective activities. Stimulation of murine macrophages by
LPS results in the increased expression of iNOS, which catalyzes the production of large
amounts of NOs. We found that peritoneal macrophages produced considerable amount of
nitrite under basal conditions, 21.82+1.25 uM. However, after stimulation with LPS, nitrite
production was increased significantly to a concentration of 65.44+3.42 uM. Non-toxic
concentrations of the mixture of peruviose A and B produced a significant reduction of
nitrite production dependent on the concentration, 1Csy=2.317 (1.368-4.055) pg/mL,
showing a similar activity for that presented by 1400W (Figure 3.4B), without exerting an
important scavenging effect of NO+ (Data not shown), indicating that suppression of its
release can be directly attributed to a blocked production by stimulated macrophages.

PGE2 is known to be a key mediator of immunopathology in chronic inflammatory
diseases and cancer [43]. As it can be seen in Figure 3.4C, LPS produced a significant
increase of PGE2 levels in cell culture, changing its concentration from 4.18+0.38 ng/mL to
27.43+0.61 ng/mL. The mixture of peruviose A and B exhibited a potent inhibitory effect
on PGE2 release in cell culture in a concentration-dependent manner, with 1Cs,=0.072
(0.019-0.293) pg/mL. The effects of the mixture of sucrose esters are comparable to those
of Rofecoxib, which is a selective COX-2 inhibitor.
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Figure 3.4. Effect of the mixture of peruviose A and B on LPS-induced mouse peritoneal
macrophages viability and pro-inflammatory mediators production. Macrophages were
treated with various concentrations of the mixture of sucrose esters (0.01-100 pg/mL) for 30
min, and activated with LPS (10 pg/mL) for 24 h. After incubation cell viability was
determined by MTT assay (A) or culture supernatants were collected. Nitrite production was
assessed using Griess reaction (B) and ELISA was employed to quantify PGE2 (C) and TNF-
a release (D). Triton X-100" (20%), 1400W (2.50 pg/mL), Rofecoxib (6.29 pg/mL), and
Dexamethasone (7.85 pg/mL) were employed as positive controls, respectively. Results are
expressed as the mean+SME of at least two independent experiments. *P<0.05, **P<0.01,
**%P<0.001, ANOVA followed by Dunett test, compared with LPS treated group.

50



Interestingly, In vitro anti-inflammatory activity through inhibition of PGE2 production, of
LPS-induced RAW 264.7 macrophages, by three sucrose esters isolated from Bidens
parviflora Willd was also described.[44] Taken together, these results suggest that the anti-
inflammatory activity of sucrose esters might be related with inhibition of this important
prostanoid.

TNF-a is a potent pro-inflammatory cytokine released primarily from stimulated
macrophages playing a critical role in the host response to infection and injury.[45] LPS-
stimulated macrophages significantly increased TNF-o production in 2.93-fold (Figure
3.4D). Unexpectedly, the mixture of peruviose A and B did not affect the production of
TNF- a, even at the highest tested concentration, which suggests that the anti-inflammatory
activity of these sucrose esters is mediated through selective downregulation of iNOS and
COX-2, independently of common pathways or transcription factors with TNF-a.

It has been suggested that NOe play a key role in the modulation of PGE2 synthesis in
macrophages. In fact, a large body of evidence suggests that there is significant cross talk
between iNOS and COX-2 biosynthetic pathways, especially in biological systems like
LPS-stimulated peritoneal macrophages.[46] However, the final effect of these interactions
is often unclear, varying between different kinds of cells and tissues.[47, 48] Further studies
are needed to clarify the effect of peruviose A and B on iNOS and COX-2 in peritoneal
macrophages.

In conclusion, we described the isolation of a mixture of two new anti-inflammatory
sucrose esters from the calyces of P. peruviana. Overall, our results suggest that sucrose
esters are important anti-inflammatory compounds of Physalis genus, mainly through
down-regulation of NO« and PGE2 production.
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4.1 Abstract

Physalis peruviana (Cape-Gooseberry) is highly appreciated for its commercial value; the
ecotype Colombia has a great demand on the international markets and unique
morphological characteristic in the calyx, which has extended use as a traditional herbal
remedy in Colombia for its anti-inflammatory properties. In this work, we evaluated the
anti-inflammatory activity of the total ethereal extract of P. peruviana calyces in preventive
and therapeutic protocols in a TNBS acid-induced colitis rat model. Colitis was induced by
intrarectal administration of TNBS. An evaluation of macroscopic and histological
parameters in colonic tissue was performed; along with the determination of
myeloperoxidase enzyme activity, gene expression, and cytokine levels. Additionally,
effects on NO release by LPS-stimulated RAW 264.7 macrophages and the scavenging
activity of DPPH and ABTS free radicals were determined. The treatment with the P.
peruviana extract produced a significant improvement in the colonic tissue at both
macroscopic and histological levels. IL-1p and TNF-a production was reduced by the
extract in both experimental approaches. The groups treated with P. peruviana showed a
tendency to MUC2 up-regulation and down-regulation of COX-2, iNOS, NLRP3, IL-1p,
IL-6 and IL-10 expression. NO release in RAW 264.7 macrophages was significantly
inhibited. The P. peruviana extract showed intestinal anti-inflammatory activity in the
TNBS-induced colitis model, placing this species’ calyx, a natural derivative, as a
promising source of metabolites that could be used as a natural product derived treatment
for inflammatory bowel disease.

Keywords: Physalis peruviana, Inflammatory Bowel Disease, TNBS.

4.2 Introduction

Inflammatory bowel disease (IBD) is a chronic inflammatory disorder of the
gastrointestinal tract that comprises Crohn’s disease, ulcerative colitis, and indeterminate
colitis.[1, 2] Although IBD etiology is still not clear, it is known that its appearance implies
the interaction of genetic and environmental factors, along with alterations on the immune
response of the host.[3, 4] It is characterized by the infiltration of lymphocytes,
macrophages, neutrophils, and dendritic cells capable of destabilize the integrity of the
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mucosa and generate histologic lesions through the synthesis and liberation of a variety of
pro-inflammatory mediators that include reactive oxygen species, eicosanoids, platelets
activation factor, nitrogen metabolites, and cytokines, which actively contribute to the
pathogenic cascade that starts and maintains the chronic inflammatory response in the
gut.[5, 6] There is no cure for this pathology, partially because the triggering factors have
not been properly identified, thus the therapeutic strategies have aimed to interfere on
different stages of the inflammatory process and regulate the overactive immune system.
Nevertheless, these therapeutic approaches are limited by their low efficacy and multiple
secondary effects.[7] Therefore, the development of safer and more effective therapeutic
alternatives to treat this disease has become a priority. In this sense, plants may be a
promising source of new therapeutic agents for the treatment of IBD. Several studies report
plant extracts with anti-inflammatory activity exerted through the modulation of various
inflammatory mediators including IL-1B, IL-6, IL-10, TNF-a, nitric oxide (NO), and
prostaglandin E2 (PGE-2). Some of these extracts are clinically used due to their beneficial
effects.[8, 9]

Physalis peruviana L., (Solanaceae) native from the South American Andes, is one of the
most known species of this genus. This plant grows in areas about 2200 m above sea levels,
and is currently found in almost every tropical and some subtropical meadow including
Malaysia, China, and the Caribbean.[10, 11] Most of the organs from this species are
widely employed in folk medicine due to their diuretic, antiseptic, antifungal, antibacterial,
anti-carcinogenic, antimalarial, and anti-inflammatory effects.[10-13] Regarding the study
of the calyces of P. peruviana, there are only a few reports of its anti-inflammatory
activity;[14-17] and to our knowledge, this is the first work in which this organ is studied
using an animal model of IBD. In this study, the protective and curative effect of the total
ethereal extract of the calyces of P. peruviana L. in a TNBS-induced colitis model in rats
was evaluated. Colonic tissue obtained from the animals was submitted to macroscopic and
histologic analysis. Myeloperoxidase (MPO) enzyme activity was determined, as well as
the levels of TNF-a, INF-y, IL-1B, IL-4, IL-6, and IL-10; and the differential expression of
the COX-2, iNOS, MUC2, NLRP3, IL-1p, IL-6, IL-10 and IL-17 genes. Complementarily,
the effect of the extract of P. peruviana on the NO production was evaluated in vitro on
RAW 264.7 macrophages and its scavenging activity was measured using DPPH and
ABTS assays.

4.3 Materials and Methods

4.3.1 Reagents
Dulbecco’s Modified Eagle Medium (DMEM), Penicillin-Streptomycin, trypan blue,

lipopolysaccharide from E. coli (LPS), N-([3(aminomethyl)phenyl]methyl) ethanimidamide
dihydrochloride =~ (1400W), sodium  nitrite, = N-(1,1-naphthyl) ethylenediamine
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dihydrochloride, sulfanilamide, hematoxylin, eosin, trinitrobenzenesulfonic acid (TNBS),
2,2-diphenyl-1-picrylhydrazyl =~ (DPPH),  6-hydroxy  2,5,7,8-tetramethylchroman-2-
carboxylic acid (Trolox), 2,2’-azinobis-(3 ethylbenzothiazoline-6-sulfonic acid) (ABTS),
potassium persulfate (K,S,0z) were purchased from Sigma Aldrich (St. Louis, MO, USA).
Bromide of 3(4,5-dimethylthiazol-2-yl)-2,5-diphenyltetrazolium (MTT) were obtained
from Calbiochem® (San Diego, CA, USA). Polyvinylpyrrolidone K-25 (PVP K-25) was
USP grade. Petroleum ether, chloroform and ethanol were acquired from Merck. Fetal
bovine serum (FBS) from GIBCO (Gaithersburg, MD, USA), dimethylsulfoxide from
Carlo Erba, diazepam from Carlon S.A. (Bogotd, Colombia), and ketamine from Lab
Biosano (Santiago de Chile, Chile). Macrophages RAW 264.7 were acquired from the
American Type Culture Collection, ATCC (Manassas, VA, USA).

4.3.2 Animals
Female Wistar rats and ICR mice (6—8 weeks of age) were obtained from the Instituto

Nacional de Salud de Colombia. They were kept in a stress-free and controlled
environment, at 22+3 °C and 70% = 5% relative humidity, under 12-h cycles of light and
darkness. Food and water were provided ad libitum. All experiments were designed and
conducted in accordance with the guidelines of the Ethics Committee of the University of
Cartagena (Minutes of October 14 of 2010) and the European Union regulations (CEC
council 86/809).

4.3.3 Extract Preparation
Physalis peruviana calyces were collected at La Mesa, Cundinamarca, and a voucher

specimen was sent to the Herbario Nacional Colombiano of the National University of
Colombia for its identification and was filed under the code COL512200. Plant material (2
Kg) was dried in an airflow oven at a constant temperature of 40 °C. Subsequently; it was
grounded and extracted by percolation with petroleum ether until exhaustion and
concentrated on a rotary evaporator with reduced pressure and controlled temperature (35-
45 °C) to obtain 200 g of total extract. Given the low solubility of P. peruviana extract in
aqueous solution, it was necessary to co-precipitate it with PVP K-25 in a extract:PVP (1:4
w/w) ratio and was solubilized in PBS buffer for administration. Qualitative identification
of alkaloids, flavonoids, nafto and/or anthraquinones, tannins, saponins, terpenoids,
coumarins, terpene and lactones was performed by the protocols established by Sanabria-
Galindo ef al. 1997 [18] and the identification of glycosides according to the protocol of
Tiwari, Kumar et al. 2011.[19]

4.3.4 Acute toxicity
To define the adequate doses for in vivo anti-inflammatory activity assays, the acute

toxicity of the P. peruviana extract was evaluated for a 24 hours period. Lethal dose 50
(LDsp) was determinate following the protocol described by Al-Sultan, et a/ 2006, with
some modifications.[20] Briefly, ICR mice were randomly distributed in seven groups of
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six animals and administrated intraperitoneally (i.p.) with doses between 300-450 mg/kg of
P. peruviana extract, selected according to previous studies. For histological analysis, liver
and kidney samples were preserved in buffered formalin and stained with hematoxylin and
eosin.

4.3.5 Induction of colitis and treatments
Colitis was induced employing the method described by Morris, et al 1989, with some

modifications.[21] Briefly, Wistar rats were not fed for 12 h and anesthetized with a
mixture of ketamine (100 mg/Kg) and diazepam (5 mg/Kg) i.p. Subsequently, 0.25 mL of
an ethanolic solution of TNBS (40 mg/mL) was instilled rectally using a cannula that was
introduced to an 8 cm depth. A healthy control group was included, which was instilled
with saline solution.
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Figure 4.1. Experimental design of TNBS- acid induced colitis. Wistar rats (n=10 per group)
were rectally instilled with 0.25 mL of TNBS ethanolic solution (40 mg/mL) and with Physalis
peruviana extract (125 mg/Kg/day-preventive approach or 62.5 mg/Kg/day-therapeutic approach)
or phosphate buffer saline (PBS) intraperitoneally (ip). In both assays a Sham group was
included.

The different doses of the P. peruviana extract used were calculated as about 1/3 and 1/6 of
its LDso. The anti-inflammatory effect of the extract was studied using two different
protocols (Figure 4.1). In the first approach the protective effect was evaluated, rats
received 125 mg/kg i.p., at 48, 24 and 2h before colitis induction as well as 24 h thereafter.
In the second outline the therapeutic effect was evaluated administrating a dose of 62.5
mg/kg i.p., for 15 days and the colitis induction was performed from the first day of
treatment. The healthy control and TNBS groups were treated with sterile PBS as a vehicle.

58



Animal weight and food consumption was monitored on a daily basis. At the end of each
experiment the animals were sacrificed by cervical dislocation, the colon was extracted,
cleaned, weighted and macroscopically analyzed, determining a colonic tissue damage
score using the scale of Bobin-Dubigeon et. al., 2001.[22] A colonic tissue sample was
preserved in buffered formalin, embedded in paraffin, cut into 5 um sections and stained
with hematoxylin and eosin or Periodic Acid-Schiff (PAS) for histological analysis. The
rest of the colon was kept for subsequent determination of the MPO activity, cytokine
levels, and gene expression analysis through RT-PCR.

4.3.6 MPO activity on colonic tissue
The enzyme activity was measured according to the technique described by Castro et al.

2014,[23] and the results were expressed as MPO units per gram of wet tissue; one unit of
MPO activity was defined as that degrading 1 mmol hydrogen peroxide/min at 25 °C.[24]

4.3.7 Cytokine levels on colonic tissue
The colonic tissue was homogenized in Greenburger buffer supplemented with proteases

inhibitors (cOmplete Mini EDTA free Roche), sonicated for 10 seconds and centrifuged at
10000 rpm and 4 °C for 20 minutes.[25] The levels of TNF-a, INF-y, IL-18, IL-4, IL-6, and
IL-10 were quantified on the obtained supernatants using commercial ELISA Kkits
(Invitrogen, Carlsbad, CA, USA and R&D Systems, Minneapolis, MN, USA for IL-1p),
according to the manufacturer’s protocol. The results of cytokine release were normalized
by the protein content, which was quantified by the Bradford method, using a standard
commercial kit (Biorad 500-0206).[26]

4.3.8 Gene expression on colonic tissue by RT-PCR
Extraction of total mRNA from the tissue obtained in the therapeutic experiment was

performed with a commercial kit (QIAGEN RNeasy® 74106), following the instructions
provided by the manufacturer and quantified in a Nanodrop 2000c (Thermo Scientific). The

cDNA was synthesized using QIAGEN Quantitect® 205313 kit and amplified with power

SYBR® Green PCR master mix (Applied Biosystems) and specific primers — Appendix 5
(Eurofins Genomics) in a RT-PCR LightCycler® 96 System (Roche). The mRNA relative
expression of COX-2, iNOS, MUC2, NLRP3, IL-1p, IL-6, IL-10 and IL-17 was calculated
using the AACt method and normalized with glyceraldehyde-3-phosphate dehydrogenase
(GAPDH) as a housekeeping gene.

4.3.9 NO production by RAW 264.7 macrophages
RAW 264.7 macrophages were maintained on DMEM supplemented with 10% FBS and

penicillin-streptomycin; at 37°C in a 5% CO2 and 100% humidity atmosphere.[27] The cell
viability was evaluated employing MTT colorimetric assay.[28] To determine the effect of
P. peruviana extract on NO release; RAW 264.7 macrophages (2x105 cells/mL) were
incubated on 96 well plates with non-toxic concentrations of the sample or 1400W. After
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30 minutes, cells were stimulated with LPS (1 pg/mL) and incubated again for 24h in the
previously described conditions. The Griess reagent was added to the obtained supernatants
in a 50/50 ratio and the ODssy was determined in a Multiskan EX Thermo microplate
reader. Nitrite concentration on the supernatants was established using a standard curve of
NaNO;. In each assay was included a non-stimulated control group and a group treated
with just LPS.[29] Additionally, the NO scavenging effect of the extract was evaluated
using the method previously described by Castro, et al 2014.[23]

4.3.10 Antioxidant activity
The scavenging activity of the extract of P. peruviana on the DPPH and ABTS radicals was

determined spectrophotometrically, employing protocols adapted for microplate reading.
For the DPPH, 75 pL of the extract were added to 150 uL of a DPPH solution (100
pg/mL), this mixture was incubated at 25°C for 30 minutes and the ODssp was
measured.[30] To determine the effect on the ABTS radical, 10 pL of the extract were
mixed with 190 uL of an ABTS ethanolic solution, produced by the reaction of ABTS (3,5
mM) with potassium persulfate (1.25 mM), incubated in the dark for 16h at room
temperature and diluted with ethanol to an absorbance of 0.7+0.1 at 405 nm. The final
mixture was incubated at 25°C for 5 minutes and the OD405 was determined.[31] In both
assays vehicle and Trolox were used as negative and positive controls, respectively. The
results are shown as pmol Trolox/g of calyces.

4.3.11 Statistical Analysis
The results are expressed as the mean £+ SEM and analyzed employing one-way ANOVA,

followed by Tukey post hoc. Values of P<0.05 were considered significant. The LDsy was
calculated using the Probit method.

4.4 Results

4.4.1 Physalis peruviana Extract
The preliminary phytochemical analysis of the total ethereal extract from calyces of P.

peruviana, allowed the identification of the presence of flavonoids, terpenoids, and
glycosides. With regard to its toxicity, the estimated DLsy was 345.49 mg/Kg i.p.
(confidence interval 311.03-379.95 mg/Kg). The histological analysis showed that Physalis
peruviana extract, at doses lower than 450 mg/Kg, produced no damage to the liver and
kidney (data not shown).

4.4.2 Physalis peruviana anti-inflammatory effect on rats with colitis.
The administration of TNBS significantly decreased food consumption and a consequent

weight lost was observed, just as in human clinical pathology. In both approaches, the
animals of the TNBS and P. peruviana groups suffered a drastic weight loss compared with

60



the healthy control group and significant differences were not observed between TNBS and
P. peruviana groups (Figure 4.2).
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Figure 4.2. Body weight changes following the TNBS colitis induction. A: Preventive approach
(Physalis peruviana (P. p) extract 125 mg/kg/day i.p.) B: Therapeutic approach (Physalis peruviana
(P. p) extract 62.5 mg/kg/day i.p.). The results represent the daily changes in body weight in Wistar
rats per group. Body weight change was calculated by dividing body weight on the specified day by
body weight at day 0 (starting body weight) and expressed in percentage + SEM. (n=10). (*P<0.05;
*£P<0.01; ***P<0.001 ANOVA, statistically significant against TNBS).

In both experimental approaches, TNBS produced damage of the intestinal mucosa of the
rats, with transmural involvement, ulcerations, edema, and tissue thickening (Figure 4.3B
and 4.3E), while the healthy groups kept their normal structure (Figure 4.3A and 4.3D).
The treatment with the extract of P. peruviana (Figure 4.3C and 4.3F) produced a

61



significant improvement on the colonic tissue, decreasing the damage score, extension of
damaged areas, and weight/length ratio of the tissue (Table 4.1).

Table 4.1. Effect of Physalis peruviana (P.p) extract on the damage score, damaged
area and the weight/length ratio, in the TNBS-induced colitis.

Sham 0.0 0.0 69.4 £ 4 2xxx
Preventive: TNBS 8.1+0.6 627.4 £ 69.5 133.7 £ 10.1
5 days P.p 0.0 0.0 76.7 £ 5.3#xx
TNBS + P.p 3.4 £ 0.6%++ 305.3 £ 76.7#x* 89.4 + 4 5+x
Therapy: Sham 0.0 0.0 62.62 £ 2.1
15 days TNBS 8.4+0.9 1357.7 £ 340.0 450.6 + 101.87
TNBS + P.p 4.4 +0.4% 630.02 £ 41.35+ 192.0 + 9.6+

Sham and TNBS groups were treated with PBS in both approaches. P.p was administered at 125
mg/kg/day i.p. (Preventive approach) and 62.5 mg/kg/day i.p. (Therapeutic approach). Values
represent the mean + SEM (n = 10). (*P<0.05; **P<0.01; ***P<0.001 ANOVA, statistically
significant against TNBS).

Figure 4.3. Colonic segments of the groups included in the colitis experiment. Preventive
approach: (A) Sham, (B) TNBS acid and (C) TNBS + Physalis peruviana extract (125 mg/kg/day
i.p.). Therapeutic approach: (D) Sham, (E) TNBS and (F) TNBS + Physalis peruviana extract (62.5
mg/kg/day i.p.).
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Histologically, the animals from the healthy control groups showed typical characteristics
of a normal structure (Figure 4.4A and 4.4E), while the TNBS group showed an intense
transmural interruption, extensive ulceration, inflammation, edema and massive infiltration
of neutrophils mainly in the mucosa (Figure 4.4B and 4.4F). In the preventive approach, the
animals treated with P. peruviana extract, showed less edema and neutrophil infiltration, as
well as a restoration of the mucosa, submucosa and muscular layers (Figure 4.4C and
4.4D). The therapeutic approach, on the other hand, showed restoration limited to the
mucosa (Figure 4.4G and 4.4H), in contrast, with the TNBS group that presented crypt loss
and goblet cells depletion (Figure 4.5).

4.4.3 MPO activity
MPO enzyme is mainly produced by neutrophils. The results of the P. peruviana extract

evaluation showed a slight reduction of MPO activity induced by TNBS in both approaches
(Figure 4.6), suggesting a decreased infiltration of neutrophils in the colonic tissue, which is
consistent with the observed in the histological analysis.

4.4.4 Cytokine levels

TNBS administration produced a reduction of IL-4 levels and an increase of TNF-a, IFN-y,
IL-1B, IL-6 and IL-10 levels in the colonic tissue of the animals. P. peruviana extract
significantly reduced the levels of the pro-inflammatory cytokines TNF-a and IL-1p in the
preventive and curative experiments, while the levels of IL-10, IL-6, IL-4 and IFN-y did not
change (Figure 4.7).

4.4.5 RT-PCR
The TNBS-induced colitis produced an increase in the expression of COX-2, iNOS,

NLRP3, IL-1B, IL-6, IL-10 and IL-17 genes; while reduction in the MUC2 expression, a
protein involved in the epithelial integrity. In the groups treated with P. peruviana, a
tendency to up-regulate MUC2 and down-regulate COX-2, iNOS, NLRP3, IL-1f, IL-6 and
IL-10 expression was observed, without statistical differences (Figure 8). This tendency to
the suppression of the genes involved in the inflammatory response can be responsible for
the anti-inflammatory activity of the Physalis peruviana extract on the TNBS-induced
colitis model.

4.4.6 Physalis peruviana effect on NO production
The extract of P. peruviana did not show toxicity on RAW 264.7 macrophages at

concentrations equal or lower than 30 pg/mL (data not shown). This extract significantly
inhibited NO release from the macrophages with an 1Csy of 29.64 ng/mL (95% confidence
intervals, 35.27 to 25.11 pug/mL) (Figure 4.9). This reduction of the NO levels in the culture
medium of the macrophages treated with P. peruviana extract is not related to a NO radical
scavenging effect (data not shown).

63



8

] D
*kk

*kk I i

Vehicle Vehicle P.p-125
ey
TNBS

8

Total Score (0-52)
3

-
S

] H
P
i
2 40
2 kK
]
7]
= 204
£
=
*dkk
0-
Vehicle Vehicle P.p-62.5
—_—
TNBS

Figure 4.4. Representative histological colonic tissue sections from groups included in the
colitis experiment; stained with hematoxylin and eosin. Preventive approach: (A) Sham, (B)
TNBS acid and (C) TNBS + Physalis peruviana (P. p) extract (125 mg/kg/day i.p.). Therapeutic
approach: (E) Sham, (F) TNBS acid and (G) TNBS + Physalis peruviana (P. p) extract (62.5
mg/kg/day i.p.). Pictures were acquired at 10X magnification. The damage score was assigned
by a blinded pathologist, using the assessment scale described by Stucchi et al. 2000 [32], with
some modifications (D and H). The scale presents a score between 0-52, according with the
parameters described in Appendix 4. The results represent the mean + SEM. (n = 10)
(***P<0.001 ANOVA, statistically significant against TNBS acid).
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Figure 4.5. Microscopic images of PAS stained colon sections from the groups included in
the therapeutic approach. (A and B) Sham, (C and D) TNBS and (E and F) TNBS + Physalis
peruviana extract (62.5 mg/kg/day i.p.). A blinded pathologist analyzed the sections to
determine the number of PAS-positive goblet cells in at least three random fields of 23.54 mm®.
Pictures were acquired at 10X (A, C and E) and 20X (B, D and F) magnifications.

4.4.7 Antioxidant activity
P. peruviana extract did not produce a significant scavenging activity of the DPPH and

ABTS radicals with ICsy greater than 500 pg/mL in both methods, corresponding to values
0f 0.76 + 0.01 and 1.65 + 0.06 umol Trolox/g extract, respectively.

4.5 Discussion

The calyx that envelops the fruit of Physalis peruviana is formed by sepals or modified
leaves that contribute to development and maturation of the fruit, protecting it from insects,
birds, diseases and adverse climatic situations.[33, 34] The anti-inflammatory activity
showed by the extract of the calyces of P. peruviana in the IBD model, might be related
with the presence of flavonoids, terpenoids, and glycosides, metabolites found in this organ
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which have been reported to affect the production of TNF-a, IL-1 and NO on studies
related to IBD.[8] These compounds have also been found in other parts of the plant such
as leaves, fruits and roots.[35-38]

The extract obtained from the calyces of P. peruviana showed a toxic effect, higher than
the observed for leaf extracts in other studies.[38, 39] This elevated toxicity is consequent
with the protective function of the plant calyces to safeguard the fruit, and suggests the
presence of potent metabolites.[33, 34]
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Figure 4.6. Myeloperoxidase (MPO) enzyme activity in colonic segments obtained from
the groups included in the TNBS-induced colitis experiment. The results represent the mean
+ SEM. (n=10) " P<0.01; ""P<0.001 (ANOVA), statistically significant compared with TNBS
acid.

The rectal instillation of 2,4,6-trinitrobenzene sulfonic acid (TNBS) and ethanol is a
chemical model widely employed to produce chronic colonic inflammation with
morphologic and histologic alterations that resemble IBD in humans.[40, 41] P. peruviana
showed a strong anti-inflammatory effect in rats with TNBS-induced colitis, in both the
preventive and therapeutic approaches. Macroscopically, the damage score, the extension
of damaged areas, and the weight/length ratio were reduced. This last parameter is
considered an important and dependable tissue damage index. It shows increases in severe
intestinal inflammation, since edema and tissue thickening produce a reduction of the colon
length, due to the contraction of the muscular layer of the intestinal wall, as well as the
fibrosis presented as a consequence of the constant scarring process in the intestinal
mucosa.[42, 43] This beneficial effect was corroborated histologically.
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MPO is an enzyme widely distributed in the body. Its principal source is the azurophilic
granules of the neutrophils. In IBD, there is an elevated activity of this enzyme, as a result of
the recruitment of neutrophils in the intestinal mucosa due to chemokines like CXCLS;
therefore, MPO is considered an important biomarker of the infiltration of neutrophils in
colonic tissue.[5, 44] The anti-inflammatory activity showed by the P. peruviana extract
appears to be partially related to its capacity to reduce the infiltration of neutrophils in the
colonic tissue, which was also clearly observed in the histological results.

In IBD, macrophages, dendritic cells and T lymphocytes secrete cytokines uncontrollably;
which promote the production of reactive oxygen species, NO, prostaglandins, leukotrienes,
and others mediators with a consequent loss of the homeostasis that leads to a sustained
inflammatory response.[45-47] Similarly, the TNBS administration to the animals produces
an increase of TNF-a, IL-1B, IFN-y, IL-6, IL-10 IL-12, IL-23 and IL-17 levels, while
reducing the levels of IL-4 in the colonic tissue.[48-52] P. peruviana extract was able to
significantly reduce the levels of TNF-a and IL-1B in the colonic tissue, these cytokines
share several pro-inflammatory properties that are crucial for the amplification of the
response in IBD.[S] TNF-a induces the release of pro-inflammatory cytokines as IL-1f. In
this sense, it is possible that the reduction of IL-1P levels produced by the P. peruviana
extract may be related with the inhibition of TNF-a release.[53]

The benefits from the regulation of TNF-a have been proved with the usage of anti-TNF-a
drugs, which are effective reducing the inflammation, but these treatments have elevated
costs and multiple side effects for the patients.[54] Because of this, the anti-inflammatory
activity showed by the P. peruviana extract at macroscopic, histologic and biochemical
levels, appearing to be closely related to the reduction of the TNF-a production, shows P.
peruviana as a promising species to obtain new bioactive compounds for the regulation of
IBD.

The studies of the expression of genes implicated in the balance of the intestinal immune
response have increased the knowledge about the molecular mechanisms associated with
the pathogenesis of IBD, and constitute a key strategy to search for new anti-inflammatory
agents. In this work, P. peruviana showed a tendency to down-regulate the IL-1P
expression, suggesting that the extract decreased the levels of this cytokine by suppression
of its mRNA levels.

In both IBD and TNBS-induced colitis, there is a decreased production of glycoproteins
synthesized by the goblet cells (MUC?2).[55] The treatment with P. peruviana extract, tends
to promote MUC2 expression and the reestablishment the mucus production, compromised
by the TNBS rectal instillation, as can be seen in the RT-PCR results and PAS stained
colonic tissue.
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Figure 4.7. Physalis peruviana (P. p) extract effect on TNF-0, INF-y, IL-1p, IL-4, IL-6 and IL-
10 levels in colonic tissue. Tissue lysates were analyzed using ELISA. The results represent the
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Figure 4.8. Effect of Physalis peruviana (P. p) extract on the expression of COX-2, iNOS,
MUC2, NLRP3, IL-1p, IL-6, IL-10 and IL-17 in colonic tissue from the therapeutic approach
experiment. Total mRNA was extracted from the colon and analyzed by RT-PCR. The results
represent the mean + SEM. (n=10) "P<0.05; ~ P<0.01 (ANOVA), statistically significant compared
with TNBS acid.

The activation of the macrophages RAW 264.7 with LPS triggers characteristic events of
acute and chronic inflammatory processes, promoting the synthesis of inflammatory
mediators including NO radical.[56] P. peruviana extract reduced the NO release in RAW
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264.7 macrophages, and showed a trend to down-regulate the iNOS expression in the
colonic tissue. Thus, NO seems to be other important target of the anti-inflammatory effect
produced by the calyces of this species. The inhibition of the production of this radical has
become object of many researches aimed to the development of anti-inflammatory drugs
for the treatment of IBD, given the found association between the NO overproduction and
the severe damage to the mucosa in this pathology.[57-59]
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Figure 4.9. Effect of Physalis peruviana (P.p) extract on the NO release in LPS-stimulated
RAW 264.7 macrophages. Cells were cultured with P.p extract and activated with LPS. After 24 h,
cell viability was evaluated using MTT assay (A) or supernatants collected for nitrite quantification
(B). 1400W was employed as positive control. The results represent the mean + SEM. (n=12).
""P<0.001 (ANOVA), statistically significant compared with LPS (10 pg/mL).

The reactive oxygen species are metabolites associated with the initiation and progression
of IBD; control of their synthesis is considered an important target in the search of new
therapeutic agents.[60] Gironés-Vilaplana et al 2014, reported a hydro-alcoholic extract
obtained from the calyces of P. peruviana with DPPH and ABTS radical scavenging
activity.[61] In our study the total ethereal extract from the calyces of this species did not
show a significant scavenging activity on these free radicals, which suggest that the
metabolites responsible for this activity are hydrophilic, being more affined to polar phases
like the one used by Gironés-Vilaplana. Our results evidence that the strong anti-
inflammatory activity displayed by P. peruviana extract is not related with free radical
scavenging activity.

In conclusion, the total ethereal extract obtained from the calyces of P. peruviana
significantly reduces the intestinal inflammation induced by TNBS in rats. This activity
seems to be related with the reduction of the neutrophils migration into the colonic tissue
and restoration of intestinal mucus layer, as well as the decrease of TNF-a, IL-13 and NO
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levels, considered crucial targets in IBD. Additional research is needed to deepen in the
implicated mechanisms and elucidate the compounds responsible for the anti-inflammatory
effect showed by P. peruviana.
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5.1 Abstract

Phytotherapy constitutes an emerging strategy for Inflammatory Bowel Disease (IBD)
treatment that could be especially useful in developing countries. We previously
demonstrated the intestinal anti-inflammatory effect of Physalis peruviana (Cape
gooseberry) calyces in TNBS-induced colitis. This work aimed to investigate the
therapeutic potential of peruviose A and B; two sucrose esters which constitute the major
metabolites from its calyces. The effect of peruviose A and B mixture on TNBS-induced
colitis was studied after 3 (preventive) and 15 days (therapy set-up) of colitis induction in
rats. Colonic inflammation was evaluated measuring macroscopic/histologic damage, MPO
activity, and biochemical changes. In addition, LPS-stimulated RAW 264.7 macrophages
were treated with test compounds. Peruvioses mixture ameliorated TNBS-induced colitis
either in acute (preventive) or established (therapeutic) settings. Although, 3-days treatment
with compounds did not produced a potent effect, it was sufficient to significantly reduce
the extent/severity of tissue damage, and microscopic disturbances. Beneficial effect in the
therapy set-up, were significantly higher, and involved the inhibition of pro-inflammatory
enzymes (iINOS, COX-2), cytokines (TNF-a, IL-1B, and IL-6), as well as epithelial
regeneration with restoration of goblet cells numbers and expression of MUC-2 and TFF-3.
Consistently, LPS-induced RAW 264.7 cells produced less NO, PGE2, TNF-a, IL-6, and
MCP-1. These effects might be related to inhibition of NF-kB signaling pathway. In
conclusion, our results suggest that sucrose esters from P. peruviana calyces, non-edible
waste from fruit production, might be useful as an alternative herbal treatment for IBD.

Keywords: Physalis peruviana, sucrose esters, intestinal inflammation.

5.2 Introduction

Inflammatory bowel disease (IBD), including Crohn’s disease and ulcerative colitis,
represents a group of chronic, relapsing, and remitting inflammatory conditions of the
gastrointestinal tract, that affect millions of people worldwide.[1] Incidence of IBD remains
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relatively constant in regions like Northern Europe and North America. Conversely, recent
time-trend studies have suggested that IBD is on a rising trend in the areas where incidence
was previously low, such as Southern Europe, Asia, and South America.[2]

There is no cure for IBD; however, a variety of treatments are available, including
aminosalicylates, corticosteroids, thiopurines, methotrexate, cyclosporine, and biologics
such as anti-TNFa therapies.[3] Despite this, current IBD therapies have important
shortcomings with regards to safety, efficacy and applicability. Their potentially serious
side effects remain a major clinical problem and limit their chronic use. On the other hand,
the lack of efficacy is translated into the fact that a large percentage of IBD patients will
require intestinal surgery to treat complications at some point following diagnosis.[4]
Therefore, novel safe and effective therapeutic strategies are highly desirable.

In this context, the use of herbal medicine to treat IBD is increasing and gaining popularity
all around the globe, especially on the account of their low toxicity, biocompatibility, and
affordability.[5, 6] This is particularly important in developing countries, where the access
of patients to specialized centers and standard therapies is limited.[7] Various natural
products have been shown to safely suppress pro-inflammatory pathways and control IBD
in both pre-clinical and clinical studies.[8-10] Consequently, the evaluation of extracts
obtained from plants traditionally used to treat inflammatory conditions, is an important
approach for the development of future therapies for IBD. However, progress in herbal
therapeutic research and its clinical application, is limited by the lack of identification of
bioactive compounds, insufficient preclinical studies using animal models, and unclear
mechanism of action.[5, 11, 12]

Physalis peruviana L. (Solanaceae), commonly known as Cape gooseberry, is native to
South American countries including Colombia, Ecuador and Peru.[13] In Colombia, Cape
gooseberry is one of the most important exotic fruit crops, representing a source of profit
for some regions of the country.[13, 14] With a production of 10.771 tons in 2011, and an
export demand of 50%, Colombia is positioned as the largest exporter of this fruit in the
world. [15, 16] P. peruviana is characterized because its fruit grows enclosed in an inflated
calyx, formed by five persistent sepals that develop a 5 cm-size structure that resembles a
Chinese lantern. Calyces not only protect the fruit against insects, pathogens or adverse
climate; they also play a major role in fruit development; both in size and carbohydrate
content.[17] Calyces as well as leaves and small stems are widely employed as traditional
herbal remedy medicine for their anti-inflammatory properties.[18].

Despite the folk employment of calyces to treat inflammation, the fruit is still perceived as
the only valuable part of the plant, needed for nutritional or medicinal purposes. Indeed,
Cape gooseberry is highly appreciated on the international market, particularly in France
and Germany, where the fruit is considered a delicacy for its unique flavor, texture and
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color.[19] In this sense, calyces from P. peruviana are merely employed as decoration for
desserts or to increase the shelf life of the fruit after harvesting for exportation to European
countries.[16, 20] Otherwise, calyces are removed and discarded, representing the largest
portion of the waste generated during Cape gooseberry production.

Recently, we demonstrated that the total ethereal extract from the calyces of P. peruviana
significantly ameliorates the intestinal inflammation in a murine model of IBD by reducing
the production of TNF-a and IL-1P levels.[21] These results established the ability of P.
peruviana calyces to suppress the altered colon immune response. On the other hand, we
found that the major anti-inflammatory metabolites from this ethereal extract were a
mixture of sucrose esters, peruvioses A and B.[18, 22] These compounds presented a higher
anti-inflammatory activity than their parental extract at lower and well tolerated doses.[18]
Thus, in this study, we explored the potential of sucrose esters from P. peruviana to
modulate the altered inflammatory response in IBD. For this, we employed the 2,4,6-
trinitrobenzene sulfonic acid (TNBS)-induced colitis model in rats in two different set-ups:
preventive and therapeutic. In addition, we investigated the effect of peruvioses mixture on
cytokines production by LPS-activated macrophages, as well as their antioxidant capacity
in vitro.

5.3 Materials and Methods.

5.3.1 Plant Material
Physalis peruviana L. was collected in La Mesa, Colombia. A voucher specimen (COL-

512200) has been deposited at Herbario Nacional Colombiano (Instituto de Ciencias
Naturales, Universidad Nacional de Colombia), Bogotd, Colombia.

5.3.2 Sucrose Esters isolation
Isolation of peruviose A and B from P. peruviana was carried out as previously

described.[ 18] Briefly, dried calyces (2 Kg) were powdered and extracted with petroleum
ether until exhaustion. Total extract (265 g) was partitioned with ether and methanol-water
(9:1), and part of the hydroalcoholic fraction (20 g) was further purified by column
chromatography on silica gel. The major fraction (8.23 g) was purified by preparative TLC
to yield 1100 mg of a mixture of peruviose A and B, occurring in a 6:4 ratio, respectively.
Purity of sucrose esters mixture was estimated to be 99.05% by HPLC (LaChrom Elite®,
Merck-Hitachi, Darmstadt, Germany) and their structures were confirmed by comparison of
their IR and '"H NMR data with those previously reported.[18]

5.3.3 Animals
Six to seven-week-old female Wistar rats (149-195 g) provided by Instituto Nacional de

Salud (Bogota, Colombia) were housed in filtered-capped polycarbonate cages containing
wood shavings. They were maintained under a 12 h light/darkness cycle in a temperature
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(224£3°C) and humidity (65-75%) controlled environment. Animals were allowed to
acclimatize for two weeks before use and fed with standard rodent food and water ad
libitum. Rats were deprived of food 12 h prior to the induction of colitis, but were allowed
free access to water throughout. They were randomly assigned to groups of eight to twelve
animals in a blinded fashion. Experiments followed a protocol approved by the local Ethics
Committee of the University of Cartagena (Minutes of October 14, 2010) and all
experiments were in accordance with the recommendations of the European Union
regarding animal experimentation (Directive of the European Council 2010/63/EU).

5.3.4 Sucrose Esters Treatment
Given the low solubility of the mixture of peruviose A and B from P. peruviana in water,

sucrose esters were co-precipitated with polyvinylpyrrolidone (PVP K-30, USP grade) in a
1:4 (w/w) ratio by solvent evaporation technique. In brief, 6 g of peruvioses mixture were
dissolved in 30 mL of dichloromethane and mixed with 24 g of PVP. The resultant solution
was dried with a rotatory evaporator with reduced pressure and controlled temperature
(40+5°C). Final solvent removal was done after manual gently scraping of the co-
precipitate and drying in oven at 40+5°C overnight. The dried samples were stored in a
desiccator at room temperature until use. Sucrose esters were solubilized in phosphate
saline buffer (PBS, pH 7.3) and administered intraperitoneally (ip) daily at different doses.
The duration and doses of sucrose esters treatment was dependent on the setting of each
experiment as detailed below.

5.3.5 Induction of TNBS colitis
Colitis was induced according to the procedure described by Morris et al. (1989)[23], with

some modifications. Rats were fasted for 12 h and anesthetized with a mixture of 100 mg
ketamine (Lab Biosano, Santiago, Chile) and 5 mg of diazepam (Viteco S.A., Bogota,
Colombia) per Kg of body weight. Subsequently, 0.25 mL of TNBS (40 mg/mL; Sigma-
Aldrich, St Louis, MO, USA) dissolved in ethanol (50 % v/v) was instilled rectally using a
cannula (external diameter 2 mm) introduced to an 8 cm depth. A healthy control group
was included which received saline in a comparable volume. Following the instillation of
the hapten, the animals were maintained in a head-down position until they recovered from
anesthesia to prevent leakage of the intracolonic instillate.

Two different protocols were designed to study the anti-inflammatory effect of peruviose A
and B mixture. In the first approach rats were preventively treated with sucrose esters (20,
10, and 5 mg/kg/day, ip) 48, 24 and 2 h before colitis induction as well as 24 h thereafter,
and were sacrificed 48 h after colitis induction. To evaluate the therapeutic effect sucrose
esters (10 and 5 mg/kg/day, ip) were administered after TNBS instillation and daily for two
weeks before animal sacrifice. Control and TNBS groups were also treated with vehicle
(PVP K-30 dissolved in PBS) by ip route. In both outlines, animal body weight, occurrence
of diarrhea, and food intake were monitored daily. Once the animals were sacrifice by
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cervical dislocation, the colon was removed, cleaned, longitudinally opened, and its
weight/length ratio was recorded. Each colon was scored for macroscopically visible
damage by measuring the extent (cm®) and severity of the lesions (score 0-10) in the distal
colon as well as the presence of adhesions (score 0-2), according to the criteria of Bobin-
Dubigeon et al, 2001.[24] Representative colon, liver and kidney samples were collected
and fixed in buffered formalin for the histological analysis. Pieces of the colon were
collected, and either placed in RNA Later® (Qiagen, Valencia, CA, USA) or frozen in
liquid N, immediately on collection and stored at -80°C until the measurement of
biochemical parameters or RNA extraction was performed.

5.3.6 Histology Analysis
Paraffin-embedded colon samples were sliced at 5 um, and stained with hematoxylin and

eosin (H&E), or periodic acid Schiff (PAS), according to standard protocols, for
histological evaluation of colonic damage and mucus content. Samples were blindly
analyzed by an experienced pathologist employing light microscopy (Olympus BX41,
Tokyo, Japan). The histological damage was evaluated employing the scoring system
described by Arribas et al, 2001 (Appendix 4).[25] The extent of mucus production was
estimated by determining the number of PAS-positive goblet cells in at least three fields of
23.54 mm®, randomly selected from each slide at 20X magnification. Liver and kidney
samples were stained with H&E and evaluated by pathologist (Appendix 4). Images were
captured at 10X and 40X magnifications on a Zeiss Axio Lab.Al microscope (Carl Zeiss,
Oberkochen, Germany), coupled to a computer driven Zeiss AxioCAM digital camera
(ICcS).

5.3.7 MPO Activity Assay
The enzyme activity was measured according to the technique described by Castro et al.

2014,[26] and the results were expressed as MPO units per gram of wet tissue; one unit of
MPO activity was defined as that degrading 1 mmol hydrogen peroxide/min at 25 °C.[27]

5.3.8 Measurement of cytokine levels
Colon biopsies were homogenized in Greenburger buffer pH 7.4, containing protease

inhibitors (cOmplete Mini EDTA free; Roche, Basel, Switzerland), sonicated for 10 sec,
and centrifuged at 10.000 rpm and 4°C for 10 minutes. Homogenates were stored at -20°C
until use. The levels of INF-y, IL-1p, IL-4, IL-6, IL-10, and TNF-0, were quantified by
ELISA (Invitrogen, Carlsbad, CA, USA or R&D Systems, Minneapolis, MN, USA),
according to the manufacturers protocol. Cytokine levels were normalized using the total
quantity of proteins as determined by Bradford method (Bio-Rad, Hercules, CA, USA).

5.3.9 Quantitative Real-time PCR (RT-PCR)
Total mRNA was isolated from colon tissue using the RNeasy® kit (Qiagen, Valencia, CA,

USA) as described by the manufacturer. RNA was quantified and purity assessed by
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determining the 260/280 nm absorbance ratio using a NanoDrop 2000c spectrophotometer
(Thermo Scientific, Waltham, MA, USA). For each sample, 2.0 pg of RNA were employed
as template for cDNA synthesis using the Quantitect reverse transcription kit (Qiagen,
Valencia, CA, USA). Real-time PCR analysis was performed using the LightCycler® 96
System (Roche, Mannheim, Germany) with Power SYBR® Green PCR master mix
(Applied Biosystems, Forsters, CA, USA) and specific primers (Eurofins Genomics,
Huntsville, AL, USA), according to the manufacturer's instructions. Primer sequences were
obtained from literature and tested for sequence specificity using the Basic Local
Alignment Search Tool at NCBI (Appendix 5). Gene expression was normalized to
glyceraldehyde-3-phosphate dehydrogenase (GAPDH) as endogenous housekeeping gene.
Duplicate cycle threshold (CT) values were analyzed by the comparative CT (AACT)
method.

5.3.10 Western Blot
Colon tissue was homogenized and cytoplasmic/nuclear proteins were isolated with the

ReadyPrep protein extraction kit (Biorad, Hercules, CA, USA) according to the
manufacturer’s instructions. Protein concentration was determined by the Bradford method
(Bio-Rad, Hercules, CA, USA). Aliquots of 30 ug proteins were fractionated by SDS-
PAGE (7.5% tris-glycine-polyacrylamide gels) and transferred to Immobilon®-P
membrane (Millipore, Bedford, MA, USA). The membrane was blocked with 5% milk in
0.1% Tween-20-PBS for 1 h and incubated overnight with primary antibodies. Antibodies
for B-actin (sc-47778), iNOS (sc-7271) and NF-kB p50 (sc-166588), were purchased from
Santa Cruz Biotechnology (Santa Cruz, CA, USA), and used at a dilution of 1:200 to 1:500.
The membranes were washed with 0.1% Tween 20-PBS and then incubated for 1 hour with
the appropriate horseradish peroxidase-conjugated secondary antibody (Santa Cruz
Biotechnology, Santa Cruz, CA, USA), washed again and incubated with
chemiluminescent substrate (Clari‘[yTM Western ECL Substrate; Bio-Rad, CA, USA) for 5
min. The membranes were captured using the G:BOX imager (Syngene, Cambridge, UK),
and proteins bands quantified with the GeneTools analysis software (Syngene, Cambridge,
UK).

5.3.11 Cell culture
RAW 264.7 macrophages were obtained from the American Type Culture Collection (TIB-

71; Rockville, MD, USA) and routinely cultured in Dulbecco’s Modified Eagle Medium-
high glucose (DMEM) supplemented with 2 mM L-glutamine, antibiotics (100 Ul/mL of
penicillin-100 pg/mL streptomycin) and 10% heat-inactivated fetal bovine serum at 37 °C
in a humidified atmosphere containing 5% CO; and 95% air.

5.3.12 MTT reduction assay

Cytotoxic effect of test compounds was evaluated using the 3-(4,5-dimethylthiazol-2-yl)-
2,5-diphenyltetrazolium bromide test (MTT assay).[28] RAW 264.7 cells were cultured
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into 96-well plates (2 x10° cells/mL) and allowed to grow to confluence. Subsequently, the
culture medium was discarded and replaced with sucrose esters (0-100 pg/mL) or ethanol
vehicle for 30 minutes, followed by stimulation with 10 pg/mL lipopolysaccharide (LPS).
After 24 h, supernatant was replaced by fresh medium containing MTT (0.2 mg/mL). Four
hours later, the medium was carefully aspirated and formazan crystals were dissolved in
DMSO (100 pL), and the ODssyp was measured using a microplate reader. The viabilities of
treated cells were expressed as the percentage of control cells, which was assumed to be
100%.

5.3.13 Macrophages stimulation assay.
RAW 264.7 macrophages were treated in a manner similar to that described for cell

viability. In brief, cells were seeded in 24-well plates (2x10° cells/mL) and treated for 30
min with various concentrations of sucrose esters (0-20 pg/mL), N-(3-(aminomethyl)
benzyl)acetamidine (1400W, 2.50 pg/mL), rofecoxib (3.14 ng/mL) or dexamethasone (3.92
pg/mL), and stimulated with LPS (10 pg/mL). Control cells were cultured under the same
conditions but were not exposed to the effect of LPS. Twenty-four hours later, culture
supernatants were collected and stored at -20°C until use.

NO production was estimated from the accumulation of NO;, in the medium using the
Griess reagent, as described previously.[29] Briefly, equal volumes of supernatants and
Griess reagent (100 uL) were mixed and incubated at room temperature for 5 minutes. The
ODss of the samples was measured using a microplate reader. The amount of nitrite in the
samples was calculated from a standard curve (0-200 uM) of sodium nitrite (NaNO,).
Levels of IL-1B, IL-6, MCP-1, PGE2, and TNF-a, in culture supernatants were determined
using ELISA (R&D Systems, Minneapolis, MN, USA or eBioscience, San Diego, CA,
USA) according to the manufacturer’s instructions. Final results were expressed as pg of
mediator/mL of supernatant.

5.3.14 Statistical Analysis
All values are expressed as mean =+ standard error of the mean (SEM) for each group. One-

way analysis of variance (ANOVA), followed by Tukey post hoc test, was used to
determine differences between treatment groups. Kaplan—Meier analysis with log-rank
statistics was performed in survival curve during TNBS-induced colitis. Values of P<0.05
were considered significant.

5.4 Results

5.4.1 Intestinal anti-inflammatory effect of peruvioses in TNBS-induced colitis.
In the preventive approach, Wistar rats were treated with the mixture of peruviose A and B

from Physalis peruviana two days before rectal instillation of TNBS. Three days after
colitis induction, the severity of intestinal inflammation was assessed by macroscopic,
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histological, and biochemical parameters (Figure 5.1). Rats treated with TNBS showed
hypoactivity, piloerection, and developed diarrhea associated with reduction in food intake
(data not shown). Consequently, animals were severely anorexic with a substantial decrease
in body weight in comparison to control group (P<0.0001) (Figure 5.1B). Correspondingly,
macroscopic inspection of the colon showed evidence of severe inflammation characterized
by necrosis of the mucosa, extending 5-10 cm” along the tissue, edema, hyperemia, deep
ulcerations and focal adhesion to adjacent organs. Although the pretreatment with sucrose
esters did not modify food intake or body weight loss, compounds produced a significant
anti-inflammatory effect when administrated at doses of 10 and 20 mg/Kg/day, ip. As
shown in Figure 5.1C, sucrose esters treated rats presented less severe and extended
inflammation of the colon showing a reduction of macroscopic damaged area of at least
28.50% (P<0.05 vs. TNBS group). Conversely, the weight/length ratio of the rat colon was
not significantly reduced at these doses.

Microscopically, colon tissue from TNBS group was characterized by extensive ulceration
and necrosis of mucosa, typically affecting over 75% of the surface, accompanied by
massive depletion of goblet cells, transmural inflammation with edema and prominent
infiltration of inflammatory cells at all the intestinal layers. In this group, the grade of
lesion was considered severe, with a score of 39.73+£3.09 (P<0.0001 vs. control group,
Figure 5.1D). Consistently, colonic injury induced by TNBS was characterized by an
enhancement in myeloperoxidase (MPO) activity compared to control group (P<0.0001,
Figure 5.1E), suggesting large neutrophil infiltration. Treatment with peruvioses mixture
(10 and 20 mg/Kg) diminished significantly the histological score by over 35% (P<0.05 vs.
TNBS group, Figure 5.1D) with dose-dependent reduction of mucosal ulceration, edema,
number of infiltrating cells, and restoration of the colonic architecture as well as slight
improvement of goblet cells numbers. Despite these observations, we found that MPO
activity was not diminished significantly (Figure 5.1E).

To further characterize the beneficial effect of sucrose esters in TNBS-induced colitis, rats
were treated with peruvioses A and B (5 and 10 mg/Kg/day) for 2 weeks after TNBS
instillation, in a therapeutic set up of established colitis (Figure 5.2A).[30] TNBS-induced
colitis produced signs of abdominal pain, hypoactivity, piloerection and a mortality rate
exceeding 37% (P<0.05 vs. control group), whereas animals that received higher dose of
sucrose esters (10 mg/Kg) showed a slight improvement in mortality rates (20%, Figure
5.2B).

Immediately after TNBS instillation, rats developed diarrhea and reduction of food intake
that was accompanied by a striking loss of body weight. As expected, the body weight of
the rats with colitis remained significantly lower than that of the control animals for the
duration of the study (P<0.05, Figure 5.2C). On the other hand, five to six days after TNBS
instillation, sucrose esters treated animals started to recover from the weight loss, returning
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to baseline body weight by day eight and increasing it significantly by the end of the
experiment (P<0.05, vs. TNBS group). We also monitored the effect of sucrose esters in
food intake and found a trend of recovery consistent with changes in body weight (data not
shown). Thus, treatment with peruviose A and B mixture resulted in improved survival
rate, in addition to reducing the manifestations of TNBS-induced colitis.

Macroscopic damage induced by TNBS was characterized by adhesion to adjacent organs,
and mild ulceration, with a damaged area extending 7-24 cm® along the tissue. Furthermore,
we found severe bowel wall thickening, with tissue having a hard and rigid texture
suggesting fibrosis, as well as visible strictures, occasionally associated with obstruction
(Figure 5.2D). The treatment with sucrose esters from P. peruviana, reduced the extension
and severity of macroscopic damage induced by TNBS (P<0.01), producing a recovery of
tissue elasticity, texture and thickness, as recorded by blinded observers. Consistently, the
weight/length ratio of rat colon was significantly diminished at both doses (Figure 5.2E,
P<0.05 vs. TNBS group).

At the histological level, colon tissue from TNBS group presented epithelial ulceration,
affecting in average more than 50% of the surface, and complete necrosis of mucosa in
40% of analyzed slides, as well as transmural inflammation with profuse infiltration of
inflammatory cells, and hyperplasia of all the intestinal layers. The inflammatory process
was associated with crypt hyperplasia and substantial goblet cell depletion. In this group,
the grade of lesion was considered severe, with a score of 44.00+2.98 (P<0.0001 vs. control
group). As expected, MPO activity was significantly increased in comparison to control
animals (P<0.001).

Treatment with the mixture of peruviose A and B (5 and 10 mg/Kg) produced a significant
recovery of the damage induced by TNBS, giving a total score of 15.43+3.93 and
16.67+9.31 (Figure 5.2G-1, P<0.01), respectively, graded as mild by the pathologist. Most
of the samples showed a remarkable restoration of the epithelial cell layer and crypt
architecture, with less than 16% of analyzed tissue showing complete necrosis of mucosa.
The transmural involvement, inflammation, edema, hyperplasia, as well as goblet cell
depletion was significantly less severe, in contrast to animals of TNBS group. Additionally,
the histological improvement was accompanied by a significant reduction of infiltration of
inflammatory cells. MPO activity was reduced by over 75% (Figure 5.2F, P<0.05).
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Figure 5.1. Pre-treatment with peruvioses A and B from Physalis peruviana ameliorates acute TNBS-colitis. (A) Wistar rats were treated for 2 days
with test compounds (5, 10, and 20 mg/Kg/day, ip) or vehicle. Colitis was induced by instillation of TNBS. Three days thereafter, animals were sacrificed
and colitis severity was assessed. (B) Animals weight change. (C) Appearance, damaged area (cmz), and colon weight/length. Representative pictures of
rat colon are shown. (D) Histologic changes were examined by H&E staining and scored by a blinded pathologist, according to the parameters described
in Appendix 4. Representative pictures are shown (10X). (E) MPO activity was measured in colon biopsies. Results are representative of at least two
independent experiments, and are expressed as the mean £+ SEM. (n=11-20 per group). (¥***) P<0.0001 vs. control; (+) P<0.05 and (++) P<0.01 vs.
TNBS group.
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A. Therapeutic set-up
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Figure 5.2. Peruvioses A and B from Physalis peruviana diminished the inflammation induced by TNBS. (A) Colitis was induced in Wistar rats by
instillation of TNBS. Animals were treated with peruvioses mixture (5 and 10 mg/Kg/day, ip) or vehicle for 15 days. Afterwards, rats were sacrificed and
colitis severity was assessed. (B) Survival and (C) body weight changes were monitored on daily basis. (D) Appearance of colon tissue was evaluated and
representative pictures are shown. (E) Macroscopic damage (damaged area (cmz), ulcer index, and colon weight/length) were scored as detailed in
Materials and Methods. (F) Myeloperoxidase (MPO) activity was measured in colon biopsies. (F) Histological changes were examined after (1)
hematoxylin and eosin (H&E) and (2) Periodic Acid Schiff (PAS) staining. Slides were examined by a blinded pathologist, according to the parameters
described in Appendix 4. Representative pictures are shown, magnification 10X (H&E) and 20X (PAS), respectively. Results are representative of at least
two independent experiments, and are expressed as the mean + SEM (n=10-24 per group). (*) P<0.05, (**) P<0.01, (***) P<0.001, and (****) P<0.0001
vs. control; (+) P<0.05, (++) P<0.01, and (+++) P<0.001 vs. TNBS group.
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To confirm the beneficial effect of sucrose esters in goblet cells recovery and their mucin
production, the PAS staining technique was employed. In TNBS group, the proportion of
goblet cells containing neutral mucins (PAS-positive cells) was lower than in control
animals (P<0.0001). We observed that PAS-positive cells were larger, nearly absent at the
surface epithelium and strongly reduced in areas were crypts abnormalities were more
severe (Figure 5.2G-2). In contrast, rats treated with sucrose esters mixture from P.
peruviana (5 and 10 mg/Kg), showed a remarkable increase of PAS-positive cells by over 2
fold (P<0.05 vs. TNBS group) (Figure 5.2G-2). The increased number of PAS-positive
cells suggests that peruvioses A and B are promoting tissue repair mechanisms.

5.4.2 Peruviose A and B mixture showed a safe toxicological profile.
A follow up of the animals treated with sucrose esters from P. peruviana calyces, in both

preventive and therapeutic experiments, allowed us to evaluate the safety of tested
compounds. Within ~1-2 min after administration of the mixture of peruvioses A and B
(20 mg/Kg/day; ip), animals assumed a recumbent posture and exhibited piloerection and
occasional abdominal writhes, that peaked 2-5 minutes after injection and declined abruptly
thereafter. Besides these adverse effects of pain/distress, no mortality or signs of toxicity
were observed when compounds were administered at this dose for 5 days. On the other
hand, this reaction to test compounds was not observed with lower doses of sucrose esters
(10 and 5 mg/Kg/day; ip), when administered consecutively either for 5 or 15 days.

During necropsy, a macroscopic examination did not show detectable changes in the
morphology of liver and kidneys due to the administration of peruvioses A and B (20, 10 or
5 mg/Kg) in both experiments. In addition, the histopathology evaluation did not reveal
significant changes in tissue architecture of these organs in comparison to the control group
(data not shown).

5.4.3 Peruviose A and B reduce inflammatory gene and protein expression induced
by TNBS instillation.
In the preventive study, TNBS administration promoted a significant increase of iNOS,

COX-2, IL-1B, IL-6, and IL-10 expression (P<0.05 vs. control group), as well as a major
reduction in MUC-2 (P<0.05 vs. control group). The administration of sucrose esters
mixture from P. peruviana inhibited dose-dependently the expression of iNOS and COX-2
(P<0.05), while failing to modulate changes in the rest of evaluated genes (Figure 3A). On
the other hand, ELISA analysis confirmed that TNBS boosted the production of IL-1p, IL-
6, IL-10 and TNF-a, and reduced IL-4 levels (Figure 5.3B, P<0.001 vs. control group).
Additionally, it demonstrated that animals treated with sucrose esters from P. peruviana
produced a significant reduction of TNF-o and IL-10 (Figure 5.3B; P<0.05 vs. TNBS
group), whereas the overproduction of other cytokines was not modified.
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As can be seen in Figure 5.4A and 5.4B, the colonic inflammation induced by TNBS in the
therapeutic setup was characterized by a prominent up-regulation of mRNA expression of
iNOS, COX-2, IL-1B, IL-6, IL-10, and IL-17A (P<0.05 vs. control group). As expected,
treatment with peruvioses A and B mixture (5 and 10 mg/Kg/day, ip) inhibited strongly the
expression of iNOS and COX-2 compared to TNBS rats (P<0.05). When the production of
NO in colon tissue homogenates was evaluated (Figure 5.5B), we found that the treatment
with sucrose esters resulted in a marked decrease of the levels of this mediator, in
comparison with TNBS group (60% inhibition, P<0.001). Moreover, western blot assays
confirmed the reduction of iNOS expression at the protein level (Figure 5.5C) in rats
treated with TNBS and the mixture of peruvioses.

On the other hand, the transcriptional levels of all the evaluated cytokines (IL-1f, IL-6, IL-
10, and IL-17) were also significantly down-regulated in sucrose esters treated animals
(P<0.05 vs. TNBS group). Furthermore, ELISA analysis (Figure 5.5A) confirmed that
compounds were able to reduce the production of TNF-a, IL-1f, and IL-10 at the protein
level (P<0.05 vs. TNBS group), whereas the levels of IL-6, IFN-y, and IL-4 were not
modified. Accordingly, the RT-PCR analysis (Figure 5.4D) showed a significant reduction
in the expression of the nuclear transcription factor kappa B (NF-xB), in TNBS rats treated
with the mixture of peruvioses (P<0.05 vs. TNBS group). The blockage of NF-kB
activation and nuclear translocation was verified with western blot (Figure 5.5C).

TNBS prompted an important reduction in MUC-2 expression compared to control animals
(P<0.05). Treatment with sucrose esters (5 and 10 mg/Kg) increased the expression of
MUCS-2 back to the levels of control animals. Since, the building block of intestinal mucus
is MUC-2, a gel forming mucin secreted by goblet cells, and taking into account our
histological findings, we hypothesized that sucrose esters from P. peruviana might be
stimulating the recovery of the colonic epithelium, thus enhancing goblet cells production
of mucins. To test this, we further evaluated the expression of genes involved in
mucus/mucosa integrity. Peruvioses A and B demonstrated a beneficial impact in restoring
the expression of TFF-3 (P<0.05) (Figure 5.4C). In the case for MUC-3, a tendency for
higher expression in sucrose esters treated animals was also observed.

87



A.RT-PCR

iNOS
800-
« saxn
5 = 60
o
=g
=2
o '2 400
5=
~ - +
A uO_ ++
% ~ 200
Control TNBS 5 10 20
TNBS + Peruvioses (mg/Kg)
30
*
z
)
ES
o
53
==
o=
~
Q-LE 10
- =
=
—
Control TNBS 5 10 20
TNBS + Peruvioses (mg/Kg)
1000-
e
)
B 800-
=]
=
o
S 600
en
£
glz 400
=
[<=N
4y w0
Control TNBS ~ § 0 20
TNBS + Peruvioses (mg/Kg)
TNF-a
20
—
8=
3 P
S s
(=%
S
= ++
) .
g 10
)
S
3
o 5
0
Control TNBS 5 10 20

Figure 5.3. Peruvioses A and B pre-treatment reduce the expression of pro-inflammatory
enzymes (iNOS, COX-2) and cytokines (TNF-a, IL-10) in acute TNBS-colitis. (A) iNOS,
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A. Pro-inflammatory Enzymes
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Figure 5.5 Peruvioses A and B reduce NO and cytokines production probably by inhibition
of NF-kB pathway. (A) Cytokines (IL-1f, IL-6, IL-10, TNF-0, IFN-y, and IL-4) levels were
measured by ELISA. (B) NO production was quantified employing Griess reaction. (C) Expression of
iNOS (cytoplasmic) and NF-xB (nuclear) were evaluated by immunoblotting. Results are
representative of at least two independent experiments, and are expressed as the mean = SEM (n=7-10
per group). (*) P<0.05, (**) P<0.01, (***) P<0.001, and (****) P<0.0001 vs. control; (+) P<0.05,
(+++) P<0.001, and (++++) P<0.0001 vs. TNBS group.
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Figure 5.6. Peruvioses A and B inhibited pro-inflammatory mediators production by LPS-
stimulated RAW 264.7 cells. Macrophages were cultured with peruvioses mixture (0-100 ug/mL) for
30 minutes and then stimulated with LPS (10 pg/mL) for 24 hours. (A) Cell viability was measured with
the MTT assay, (B) Nitrite production was measured by Griess assay, (C) PGE2, (D) IL-6, (E) TNF-o,
and (F) MCP-1 production were measured by ELISA. Results are representative of at least three
independent experiments, and are expressed as the mean + SEM (¥*) P<0.05, (**) P<0.01, (***) P<0.001,
and (****) P<(0.0001 vs. control.



5.4.4 Cytokine production is modulated by peruvioses A and B in macrophages
activated with LPS.
In IBD patients, the proportion of lamina propria macrophages is increased, as well as the

TLRs and NF-«xB p65 expression, which is accompanied by an increased production of IL-
1B, IL-6, and TNF-a.[31-34] To elucidate the potential beneficial effect of sucrose esters
from P. peruviana on macrophages, we investigated the response of RAW 264.7 cells to
lipopolysaccharide (LPS) activation in the presence or absence of tested compounds (15-1
pg/mL).

The mixture of peruviose A and B inhibited significantly the LPS-induced production of
NO, PGE2, IL-6, TNF-0, and MCP-1, in a concentration-dependent manner (P<0.05),
without affecting cell viability as demonstrated by MTT assay (Figure 5.6). Surprisingly,
IL-1p production was not modified by tested compounds (data not shown).

To verify that the bioactivity of sucrose esters was not related to an antioxidant effect, we
evaluated the scavenging activity of compounds on NO*, DPPH" and ABTS ™ radicals in a
non-cellular system. Sucrose esters from P. peruviana did not exert an important
scavenging effect, showing inhibition lower than 3% at 100 pg/mL (data not shown).

5.5 Discussion

The mixture of peruviose A and B, sucrose esters isolated from P. peruviana calyces, has
been recognized to be a promising anti-inflammatory agent.[ 18] Here, we show evidence of
the beneficial effect of these sucrose esters in TNBS-induced colitis model. Overall, our
results suggest that the amelioration of the altered immune response, that characterizes the
colonic inflammatory process induced by TNBS, is involved in the favorable recovery of
animals treated with these compounds.

The aerial surface of many genus of the Solanaceae family, such as Datura, Lycopersicon,
Nicotiana, Petunia, Physalis, and Solanum, are covered by glandular trichomes, whose
unique and versatile secretory metabolism contributes to the wide variety of secondary
metabolites of these plants.[35, 36] Glucose and sucrose esters has been characterized as
the main compounds present on the glandular trichome or its sticky exudate, which is
believed to protect the plants and fruits from insect and infections.[37]

Previous studies have demonstrated that Physalis genus is an abundant source of sucrose
esters.[38] So far, twenty sucrose esters have been isolated from P. viscosa, P. nicandroides
var attenuata, P. sordida, P. solanaceus, P. peruviana, P. neomexicana, and P.
philadelphica.[18, 39-44] Among the pharmacological activities reported for these
secondary carbohydrates, their anti-inflammatory effect appears to be the most
important.[38] Particularly, we have focused in the study of P. peruviana calyces, where
sucrose esters are the most important metabolites.
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In this study, administration of the mixture of peruviose A and B was carried by
intraperitoneal route. The noxious response (writhing and piloerection) that occurred after
injection of test compounds (20 mg/Kg/day) was not unexpected, since we previously
found this effect when treating mice at higher doses.[18] However, the latency and
magnitude of discomfort after administration with peruvioses A and B at 20 mg/Kg, was
significantly less severe than the previously studied dosages (>100 mg/Kg), where acute
toxicological effects of sucrose esters resulted in pronounced pain, piloerection, and
hypoactivity.[18] This evidence indicates that sucrose esters produce local nociceptive
effects in rodents.

In contrast, the 15-days administration of sucrose ester (5 and 10 mg/Kg) to Wistar rats
showed no evidence of nociception/toxicity attributable to test compounds. Indeed, the
histological examination revealed no changes on any of the animals treated with peruvioses
when compared to control group. Nevertheless, pain-related behavioral responses to
intraperitoneal administration of sucrose esters remains surprising, since carbohydrate
polyesters, especially esters of sucrose and glucose, are commonly employed surfactants,
that have been approved as food, cosmetics, and pharmaceutical additives based on safety
studies on animals and humans.[45, 46]

In fact, sucrose esters have been proposed as emulsifiers, stabilizers, and
absorption/penetration enhancers in drug delivery systems, especially for parenteral[47],
nasal[48, 49], or topical administration[50]. Therefore, our data encourage further studies
on their toxicological effect when administration routes different to oral gavage are
employed. In the case of peruvioses mixture, additional research including longer periods
of administration, inclusion of both male and female animals, and assessment of its
mutagenic and carcinogenic potential, should be performed in order to support their safety.

To evaluate the effect of the mixture of peruviose A and B on intestinal inflammation, we
employed the TNBS-induced colitis model. Among chemically induced models, TNBS
remains as one of the most commonly employed, since it is considered a useful tool to
provide proof of concept for therapeutic interventions in a simple, time saving, and
relatively inexpensive setting.[51] Interestingly, many studies regarding complementary
and alternative medicine on IBD have been done using this model.[52]

Although first developed for use in rats [23], this model has become widely used for
inducing colitis in zebrafish [53, 54], mice [55], rabbits [56], pigs [57], and dogs [58].
TNBS is a hapten administered as an enema in combination with ethanol (30-50%), to
break the mucosal barrier and allow TNBS penetration into the bowel wall.[59] While some
of the colonic damage is attributable to the caustic properties of the TNBS/ethanol
solution,[60] inflammation is mainly induced by haptenization of host proteins, which
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provokes severe ulcerations of the mucosal characterized by transmural infiltration of
mononuclear cells.[61, 62] Results of this study demonstrated that peruviose A and B from
P. peruviana were useful to ameliorate the damage induced in the colon of rats treated with
TNBS either acutely (preventive set-up) or in an established disease (therapeutic set-up). In
both settings, sucrose esters were able to improve the mucosal damage at macroscopic and
histologic levels. However, the greatest beneficial effect of peruvioses was noticed in the
therapeutic set-up (two weeks treatment), which indicates that a sufficient time of treatment
is needed for sucrose esters to fully exert their effects.

Based on the time course of macroscopic, histologic and immunological changes,
inflammation by TNBS could be divided in several phases. The acute application of the
TNBS-colitis model, where damage is assessed 3 days after TNBS instillation, is
characterized by intense tissue injury and a non-specific inflammatory response.[30] In
comparison, one week after TNBS administration, an established/chronic phase of
inflammation sets in. In this phase the inflammation is characterized by a wide distribution
of ulcers, cell infiltration that leads to granuloma formation, and Crohn’s disease-like
cytokine profile that reach a maximum at two weeks.[63] In this sense, our data suggests
the potential of sucrose esters from P. peruviana calyces to treat the chronic and persistent
inflammation that characterizes IBD.

In fact, in therapeutic set-up experiments, we observed that test compounds significantly
accelerated the recovery of TNBS-treated rats, reducing the mortality rate and weight loss,
which was accompanied by reduced colon weight/length ratio, ulcer index and damaged
area extension. With regard to the histological analysis, our findings were in agreement
with the previously reported changes induced by TNBS administration.[23] Furthermore,
sucrose esters demonstrated a remarkable reduction of histological damage, consistent with
the macroscopic observations.

Previous studies have established that TNBS model shares many molecular features with
human IBD, such as overproduction of IFN-y mediated by T helper 1 (Thl) T cells.[64]
Although TNBS-induced cytokine secretion patterns are by far more studied in mice, some
studies have also verified a time-dependent changing pattern of Thl cytokines in the rat
model of TNBS, as well as important concordances with IBD transcriptomes.[63, 65]
Consistently, we report that TNBS-treated rats exhibited a remarkable fold increase in
iNOS, COX-2, IL-1B, IL-6, IL-10, and IL-17A expression, two weeks after TNBS
instillation. ELISA analysis also demonstrated increased IFN-y and TNF-a production,
whereas IL-4 was diminished. Alternatively, the expression of markers of mucus/epithelial
integrity (MUC-2, MUC-3, and TFF-3), were significantly impaired.

Peruvioses A and B from P. peruviana were able to partially restore the inflammatory
mediators and cytokine imbalance, with marked diminution of IL-1p, TNF-a, and iNOS at
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mRNA or protein levels. Moreover, sucrose esters normalized the expression of MUC-2
and TFF-3, which are secreted by goblet cells.[66] Accordingly, we observed a higher
number of goblet cells as evidenced by PAS-staining, which suggests that treatment with
peruvioses promoted epithelial regeneration in TNBS-treated rats.

Neutrophils recruitment to the intestine is a critical component of the inflammatory
response. This process relies on selectins, integrins, and adhesion molecules both for
transendothelial and epithelial transmigration.[67] The association of the elevated
expression of these molecules and intestinal inflammation has been well documented in
humans and animals models of IBD.[67] For instance, the up-regulation of E-selectin
(endothelial-selectin; CD62E); P-selectin (Platelet-selectin; CD62P); intercellular adhesion
molecule 1 (ICAM-1); and vascular cell adhesion protein 1 (VCAM-1)] has been reported
during TNBS-induced colitis in rats, peaking two weeks after induction of disease.[63, 68,
69]. Indeed, it is known that their expression is regulated at the transcriptional level by
TNF-a and IL-1B.[68, 70, 71] In agreement, our data showed that TNBS provoked an
abnormal recruitment of inflammatory cells to the colon tissue. Certainly, it is well
established that this inflammatory infiltrate, mainly composed by neutrophils, is important
for the development of colon edema.[72] From our point of view, the strong reduction of
TNF-a and IL-1p, both at the transcriptional and protein levels, caused by the sucrose esters
from P. peruviana might be correlated to the significant reduction of MPO activity, which
has been shown to be proportional to neutrophils infiltration in the colonic tissue.[73]

Infiltrating macrophages play a crucial role in the pathogenesis of TNBS-induced
colitis.[74] To clarify whether sucrose esters from P. peruviana were able to attenuate
cytokine imbalance in macrophages, we employed LPS-stimulated RAW 264.7 cells. In the
presence of peruvioses mixture, LPS-stimulated macrophages produced less NO, PGE2, IL-
6, TNF-0, and MCP-1, at non-toxic concentrations.

Alternatively, sucrose esters effects were not related to antioxidant properties, as
demonstrated using DPPH and ABTS assays. Although the anti-inflammatory effect of
plant derived sucrose esters have been previously described, research has focused on COX-
2 (PGE2) and iNOS (NO) inhibition [18, 44, 75], our results demonstrated that sucrose
esters are able to modulate inflammation with a more complex mechanism of action.
Nevertheless, since all the genes modulated by peruvioses A and B mixture, either in vivo
or in vitro, are gene targets of the transcription factor NF-kB, we propose that the
immunomodulatory effects of sucrose esters might result from inactivation of NF-kB signal
pathway. Indeed, this study demonstrated that peruvioses inhibited the mRNA expression
and the nuclear translocation of NF-«xB in rats treated with TNBS.

Although the experimental results from the TNBS-colitis model demonstrated the
beneficial effect of sucrose esters from P. peruviana, there are several caveats that worth

95



discussing. First, we only demonstrated the efficacy of peruvioses A and B to treat colonic
inflammation in one animal model, which does not fully resemble IBD pathology in
humans. Thus, the bioactivity of test compounds should be determined in at least another
model. Additionally, TNBS-induced colitis, as applied in this work, is more representative
of an acute IBD flare-up than a chronic condition; therefore future studies should include an
experimental setting of chronic inflammation to determine whether sucrose esters are useful
as long-term therapy for IBD.[76] On the other hand, given the chronic nature of IBD,
administration of test compound per oral should be preferred [61]; however, we employed
intraperitoneal administration of peruvioses. Although debatable, this route of
administration was chosen given the fact that sucrose esters are not absorbed but
metabolized in the gastrointestinal tract [77], thus their bioavailability could be limited.

In summary, our results demonstrate that sucrose esters of P. peruviana calyces ameliorates
the symptoms and progression of colitis in the TNBS-induced model by improving the
epithelial recovery and modulating the cytokine unbalance associated with colitis, probably
through suppression of NF-kB activation. Thus, sucrose esters from P. peruviana might be
an interesting new complementary herbal alternative to treat IBD.
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6 CHAPTER SIX. Safety of sucrose esters from Physalis
peruviana L. in a 28-day repeated-dose study using CD-1
(ICR) mice.

Yanet C. Ocampol, Daneiva C. Carol, David E. Riveral, Luis A. Franco'

'Biological Evaluation of Promising Substances Group, Faculty of Pharmaceutical Sciences, University of
Cartagena, Cartagena, Colombia.

6.1 Abstract

Peruvioses A and B isolated from Physalis peruviana L. calyces have proved to be
effective anti-inflammatory and immunomodulatory compounds. This study aimed to
investigate their sub-acute toxicity and genotoxicity. For this, CD-1(ICR) mice were treated
intraperitoneally with peruvioses at doses of 2.5, 5, and 10 mg/Kg/day for 28 consecutive
days, to simulate therapeutic and over-therapeutic dosage levels. At the end of the
treatment, animals were sacrificed and their organs weighted, and blood and tissue samples
were collected. Toxicological endpoints included clinical signs; food consumption; body
and organ weights; hematological and biochemical parameters; as well as macroscopic and
microscopic examination of tissues. The results showed no significant differences between
treated animals and control group at macroscopic, histological, molecular, and biochemical
levels. In addition, a combination of mammalian erythrocyte, comet assay in peripheral
blood cells, and Ames test, did not reveal genotoxic effects induced by peruvioses. Taken
together, our data suggests that peruvioses A and B can be safely employed to treat
inflammatory diseases.

Keywords: Sucrose esters, Physalis, Solanaceae, Toxicity.

6.2 Introduction

Physalis peruviana L. is an herbaceous, semi-shrub, upright perennial plant, belonging to
Solanaceae family.[1] Although native to South American Andes, P. peruviana has been
widely introduced around the world reaching importance in countries as South Africa,
Kenya, Zimbabwe, Australia, New Zealand, Hawaii, India, Malaysia, and China.[2] In
Colombia, P. peruviana is one of the most important exotic fruit crops, representing a
major source of profit for some regions of the country.[3, 4] With a production of 10.771
tons in 2011, and an export demand of 50%, Colombia is positioned as the largest exporter
of this fruit in the world.[2, 5]

In addition to the economical and nutritional importance of P. peruviana, the fruit as well
as the whole plant material is employed in folk medicine with a variety of purposes.[1]

Specifically, leaves and small stems along with the calyces, a bladder-like accrescent
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structure that encloses the mature fruit [6]; are widely employed as traditional herbal
remedy to relieve fever, edema and inflammation.[7] Current research on P. peruviana
calyces has focused on verifying the bioactivity of its total ether extract using animal
models of inflammation, including TPA-induced ear edema and TNBS-induced colitis.[7-
10] Previous chemical investigations have established sucrose esters as the major secondary
metabolites of this organ. The mixture of two sucrose esters, peruvioses A and B, proved to
significantly reduce the inflammation induced by A-carrageenan in a dosage-dependent
manner, probably due to an inhibition of nitric oxide and prostaglandin E2.[11]

Considering that sucrose esters have been isolated from aerial parts, flower, fruits, and
calyces from seven Physalis species [12], presumably their presence might be related to the
anti-inflammatory activity described for some plants of this genus.[13] Indeed, the
therapeutic potential of sucrose esters to treat inflammation has been well described. For
instance, it was reported that physordinoses A-D, from P. sordida, exhibited a remarkable
potential to diminish TPA-induced edema with similar activity to indomethacin.[13]
Recently, [14] found that five sucrose esters isolated from P. philadelphica inhibited
cyclooxygenase (COX)-1 and COX-2. In addition, sucrose esters are recognized for its
prominent antimicrobial activity. Although variable results have been reported regarding
the sensitivity of bacterial strains, mechanism of action, and structure/activity relationship
[15, 16], the potential of sucrose esters as multifunctional metabolites is clear, since they
might be effective to treat infections and inflammatory conditions.

Besides the increasing interest in sucrose esters as a therapeutic herbal derived agent, there
is a widespread current use of these compounds as surfactants; particularly in food,
cosmetic and pharmaceutical industries.[17] They are highly valued because they are
tasteless, odorless, non-toxic, non-irritant, provide good stabilizing and conditioning
properties, and are produced from sustainable and renewable resources: nonpolar fatty acids
and sucrose.[18] Regarding their legal status, sucrose esters have broad application in the
food industry without any safety or regulations issues.[15] The European Union (Directive
No 95/2/EC), the United States of America (Title 21 of the CFR § 172.860 and § 172.869),
Canada (IMA Canada Gazette 14-02-2004), and Japan, have approved their employment in
general foodstuffs [18]. This indicates the general safety of these surfactants through oral
ingestion, which is well supported by toxicological, carcinogenic and absorption/metabolic
studies in mammals and humans.[15] In the case of pharmaceutical and cosmetic
applications, sucrose esters have also been proposed as emulsifiers, stabilizers, and
absorption/penetration enhancers, especially for parenteral [19], nasal [20, 21], or topical
administration.[17] Nevertheless, there is a lack of toxicological studies of sucrose esters
employed by parenteral routes of administration.

In nature, sucrose esters are mainly found as mono- to hexa-esterified compounds, with
acyl groups varying in their length (from C2 to C12) and backbone structure (iso-branched,
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anteiso-branched and straight carbon chain).[22] This diversity in chemical structure
provides them with differences in physicochemical properties and bioactivity. For instance,
sugar esters can be classified as bitter and non-bitter depending on the length of the carbon
chain of the acyl group [14], similarly they might be repellent to predators or attractors to
pollinators.[23] In this context, the toxic effects of naturally derived sucrose esters might be
different than those from their synthetic analogs.

On the other hand, as important pharmacologically active sucrose esters have been isolated
from Physalis species, the examination of their toxicological effect is necessary. In order to
continue our work on P. peruviana calyces and determine its possible application to
develop new anti-inflammatory drugs, we conducted an evaluation of the safety of
peruvioses A and B using a 28-days toxicity study design in CD-1 (ICR) mice. In addition,
a battery of genotoxicity tests was carried out to further evaluate the carcinogenic potential
of compounds.

6.3 Materials and Methods.

6.3.1 Plant Material, Sucrose Esters isolation and preparation.
Physalis peruviana L. was collected in La Mesa, Colombia. A voucher specimen (COL-

512200) has been deposited at Herbario Nacional Colombiano (Instituto de Ciencias
Naturales, Universidad Nacional de Colombia), Bogota-Colombia. Isolation of Peruviose A
and B from the calyces of P. peruviana was carried out as previously described.[11] Purity
of sucrose esters mixture was estimated to be 99.05% by HPLC-MS (LaChrom Elite®,
Merck-Hitachi, Darmstadt, Germany) and their structures were confirmed by comparison of
their IR (Perkin Elmer 1600 series FT-IR spectrometer, Norwalk, CT, USA), and "H NMR
data (Bruker spectrometer, 300 MHz, Billerica, MA, USA) with those previously reported
[11]. Given the low solubility of the mixture of peruviose A and B from P. peruviana in
water, sucrose esters were co-precipitated with polyvinylpyrrolidone (PVP K-30, USP
grade) in a 1:4 (w/w) ratio by solvent evaporation technique.

6.3.2 Animals
Male and female CD-1 (ICR) mice, approximately 4-weeks of age, were provided in good

health by Instituto Nacional de Salud (Bogotd, Colombia). Animals were allowed to
acclimatize for two weeks before use with food and water available ad libitum. Mice were
housed in groups of five mice in filtered-capped polycarbonate cages (32 cm long x 20 cm
wide % 21 cm high), containing wood shavings and maintained in a controlled environment
with temperature at 20.14+0.11°C, humidity between 41 to 53 %, under 12 h light/darkness
cycle (6:00 am to 6:00 pm). Individual body weights were recorded every other day during
the acclimation/pretest period to ensure the use of healthy animals.
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This study was carried out in accordance with the recommendations of the European Union
regarding animal experimentation (Directive of the European Council 2010/63/EU).
Experiments followed a protocol approved by the Committee of Ethics in Research of the
University of Cartagena (Minutes of October 14, 2010). All efforts were made to minimize
animal suffering.

6.3.3 Animal Treatment and Dosing
The safety of the mixture of peruvioses A and B was evaluated in a 28-day repeated-dose

study (Figure 6.1A), that was designed and conducted in accordance with the Guidelines
for the Testing of Chemicals - Organization for Economic Cooperation and Development
(OECD).[24] For this, CD-1 (ICR) mice were randomly assigned to groups of ten animals
(five of each sex per group), at least one week prior to the start of exposure. Body weight
values ranged from 22-28 g (mean 24.71+£0.20 g) for the females, and 27-34 g (mean
29.88+0.26 g) for the males.

Peruvioses A and B co-precipitated with PVP-K30 was dissolved in sterile phosphate saline
buffer (PBS, pH 7.3), prior to animal treatment, and administered intraperitoneally (ip) at
three dosages levels (2.5, 5, and 10 mg/Kg/day). The highest dose was selected in reference
to previous pharmacological studies in rats and acute toxicity evaluation in mice.[11, 25]
Mitomycin C (MMC, Mixandex®, PiSA Pharmaceuticals, Mexico) was used at dosages of
0.5 mg/Kg/day ip, as control for in vivo micronucleus test [26]. MMC was dissolved in
sterile water (Baxter International Inc., Colombia) and diluted in PBS before
administration.

Test compounds were administered daily for a 28-day period. Mice from control group
received PBS containing PVP-K30 only. Individual body weight, possible signs of toxicity,
and food consumption per cage were monitored daily through the study. A detailed clinical
examination was performed weekly following the five parameters of the Hippocratic
screening (conscious state; activity and coordination of motor system and muscle toning;
reflexes; activities on the central nervous system; and activities on the autonomic nervous
system) by an investigator blinded to treatments.[27]

6.3.4 Urinalysis
Urine was collected on the last day of treatment (day 28), using the single animal method

with clear plastic wrap as proposed by [28]. Changes in specific gravity (SG), pH, protein,
nitrite, urobilinogen, bilirubin, glucose, and the presence of occult blood or ketones were
assessed with urinary test papers (SD UroColor™ 10, Standard Diagnostics, INC, Korea).

6.3.5 Gross Necropsy
Following the 28-day test period, all mice were fasted for 8-10 h, then anesthetized with 2-

4% of sevoflurane (Sevorane®, Abbott, Vienna, Austria) using the open drop method.
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Blood samples were obtained from the orbital venous plexus for subsequent analysis.
Thereafter, detailed post-mortem necropsy was performed, including examination of the
external surface, all orifices, as well as thoracic and abdominal cavities. Kidneys, spleen,
heart, lungs, and testes/ovaries were weighed and fixed in 10%-buffered formalin for
histological analysis. In the case of the liver, the entire organ (including the gall bladder)
was weighed, and a part of the left lateral lobe was sliced and either fixed in 10%-buffered
formalin or placed in RNA Later® (Qiagen, Valencia, USA) and stored at -80°C until the
RNA extraction was performed.

6.3.6 Histology Analysis
Organs fixed in 10% buffered formalin were embedded in paraffin, sliced at 5 um, and

stained with hematoxylin and eosin (H&E) according to standard protocols. Samples were
blindly analyzed by an experienced pathologist employing light microscopy (Olympus
BX41, Tokyo, Japan). Full histopathology was carried out with all the organs by analyzing
parameters like tissue degeneration, necrosis, apoptosis, inflammatory cell infiltration,
congestion, and fibrosis. Images were captured at 10X and 20X magnifications on a Axio
Lab.A1 microscope (Carl Zeiss, Oberkochen, Germany), coupled to a computer driven
Zeiss AxioCAM digital camera (ICc5).

6.3.7 Blood biochemical profile
For biochemical analysis, blood samples were obtained in clean, no heparinized vials and

allowed to clog for 30 minutes. Then samples were centrifuged at 1500 g for 10 min to
obtain serum, which was stored at -80 °C until further analysis. Fasting serum levels of
glucose, albumin, urea nitrogen, creatinine, alanine transaminase (ALT), aspartate
transaminase (AST), and alkaline phosphatase (ALP) were determined with an automatic
blood chemical analyzer (A15 Random Access Analyzer, Biosystems, Spain). Blood
samples were analyzed individually and not pooled.

6.3.8 Hematology analysis and peripheral blood micronucleus (MN) assay
Peripheral blood was collected as described above. Two blood smears were prepared for

each blood sample, air dried, stained with Wright’s solution (Merck, Darmstadt, Germany),
and labeled with a random number to avoid the identification of the treatment group during
analysis. Coded slides were analyzed by two independent investigators using a Zeiss Axio
Lab.A1 microscope (Carl Zeiss, Oberkochen, Germany). White blood cell differential
counts (lymphocytes, reactive lymphocytes, immature lymphocytes, monocytes,
neutrophils, eosinophil, and basophils) were performed by randomly examining 100 cells
per slide at 100X magnification. In addition, for each slide (a) 1000 polychromatic and/or
normochromatic erythrocytes (PCE and NCE, respectively) were examined and the
PCE/NCE ratio was determined; (b) 1000 consecutive PCE were examined to report the
incidence of micronucleated PCE (MN-PCE); and (C) 2000 consecutive NCE were
examined to report the incidence of micronucleated NCE (MN-NCE).[29]
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6.3.9 Bone marrow MN assay
MN assay using bone marrow was performed according to the protocol established by [30]

and modified by [31]. Briefly, both femurs were excised intact from each animal and the
bone marrow flushed out with fetal bovine serum (GIBCO-Invitrogen, Carlsbad, USA), and
the cell suspension was centrifuged at 1000 rpm for 5 min. Bone marrow cells were re-
suspended in a small volume of serum and 20 uL. was smeared on two slides per animal.
Slides were fixed in methanol, air-dried overnight, stained with Wright's solution (Merck,
Darmstadt, Germany), and labeled with a random number. Coded slides were analyzed by
two researchers using a Zeiss Axio Lab.Al microscope (Carl Zeiss, Oberkochen,
Germany). For each slide, 200 PCE and/or NCE were examined and the PCE/NCE ratio
was determined. In addition, 1000 PCE per slide were analyzed to determine the amount of
MN-PCE.[29]

6.3.10 Neutral comet assay
The comet assay was performed in neutral conditions as described by Trevigen (Trevigen,

Gaithersburg, USA) with some modifications.[32] Briefly, 6 pL of blood harvested from
the orbital venous plexus was mixed with 75 pL of low-melting point agarose (Trevigen).
Samples were spread on CometSlides™ (Trevigen) and allowed to solidify. After lysis,
slides were equilibrated and electrophoresis was performed at 300 mA for 1 h. Finally,
DNA was precipitated, and slides air dried, fixed in ethanol, and stained with SYBR® Safe
DNA stain (Invitrogen, Carlsbad, USA). Cells were then visualized using a fluorescent
microscope (Axio Lab.Al, Carl Zeiss, Oberkochen, Germany). Representative pictures
were recorded at 10X magnification with a Zeiss AxioCAM digital camera (ICc5).

To assess the extent and distribution of DNA damage a qualitative analysis was performed
by three blinded scorers that examined 1000 randomly selected and non-overlapping
comets per well (2000 comets/animal). For this, comets were classified visually according
to tail size ranging from undamaged (class 0) to maximum DNA damage (class 4). DNA
damage was expressed as the subtotal frequency of nucleoids (F2+3+4) with medium (class
2), high (class 3), and complete (class 4) damaged DNA.

For quantitative analysis, two scorers performed the comet analysis using Open Comet
software.[33] The percentage of DNA in the comet tail (%Tail DNA), Olive Tail Moment
(OTM) and Tail Moment were calculated from at least 1000 comets per well (2000
comets/animal) as a measurement of DNA damage.

6.3.11 Quantitative Real-time PCR (RT-PCR)
Total mRNA was isolated from liver tissue using the GeneJET™ RNA Purification kit

(Thermo Fisher Scientific, Vilnius, Lithuania) as described by the manufacturer. RNA was
quantified using a NanoDrop 2000c spectrophotometer (Thermo Scientific, Waltham,
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USA). For each sample, 1.0 ug of RNA were employed as template for cDNA synthesis
using Transcriptor Universal cDNA Master (Roche, Mannheim, Germany). Real-time PCR
analysis was performed using the LightCycler® 96 System (Roche, Mannheim, Germany)
with Maxima SYBR Green qPCR Master Mix (Thermo Fisher Scientific, Foster City,
USA) and specific primers - Appendix 5 (Eurofins Genomics, Huntsville, USA) according
to the manufacturer's instructions. Gene expression was normalized to glyceraldehyde-3-
phosphate dehydrogenase (GAPDH). Duplicate cycle threshold (CT) values were analyzed
by the comparative CT (AACT) method.

6.3.12 Ames Mutagenicity Test
Mutagenicity of sucrose esters from P. peruviana was assessed by using the commercial

Muta-ChromoPlate™ Ames test kit (EBPI Inc., Ontario, Canada), which follows Ames’s
test principle and uses Salmonella typhimurium (TA100). In brief, lyophilized bacteria were
cultured overnight in nutrient broth at 37 °C. Peruvioses A and B were dissolved in ethanol,
diluted in growth media to obtain the desired concentration (30 pg/mL), mixed with S.
typhimurium inoculum, and incubated in both presence and absence of S9 fraction, for 3
days at 37 °C in sterile air-tight plastic bag. After incubation, microplates were examined
visually: yellow, partially yellow or turbid wells were scored as positives and all purple
wells were scored negative. Sodium azide and 2-aminoanthracene were employed as
positive control and ethanol was employed as negative control.

6.3.13 Statistical Analysis
All values are expressed as mean =+ standard error of the mean (S.E.M) for each group.

One-way analysis of variance (ANOVA) followed by Dunnet’s post hoc test, was used to
determine differences between treatment and the control group. In the case of comparisons
between two groups, two tailed t-test, with Welch’s correction when appropriate, was
employed. Values of P<0.05 were considered significant.

6.4 Results

6.4.1 Body weight and clinical score are not modified by treatment with sucrose
esters from Physalis peruviana.
Changes in the body weight of animals from all experimental groups are shown in Figure 6.

1B. Both male and female mice treated with the mixture of peruvioses A and B (2.5, 5, and
10 mg/Kg/day, ip) gained weight without significant differences when compared to vehicle-
treated animals. In contrast, the MMC-treated mice exhibited a statistically significant
reduction in body weight compared with control group. There were no test article-related
deaths suggesting the safety of the administration of sucrose esters from P. peruviana.
When compared with the control group, animals treated with peruvioses A and B did not
exhibited changes such as external appearance, behavior, locomotor activity, and changes
in food consumption (data not shown). However, occasionally we observed that injection of
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the highest dose (10 mg/Kg) elicited slight abdominal contractions and piloerection that
disappeared 5-10 minutes after administration.

A. Experiment Design
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Figure 6.1. Body weight of mice is not affected by sucrose esters from Physalis peruviana. (A)
Male and female CD-1 (ICR) mice were treated with the mixture of peruvioses (2.5, 5, and 10
mg/Kg/day, ip), mitomycin C (MMC, 0.5 mg/Kg/day, ip), or vehicle (PBS, pH 7.3) for a 28-day
period. (B) Body weight was recorded daily and represented as percentage of weight change. Results
are representative of two independent experiments, and are expressed as the mean + S.E.M. (n=5-10
per group). (*) P<0.05 and (**) P<0.01 vs. control group.

6.4.2 Treatment with sucrose esters from Physalis peruviana does not alter vital
organs at macroscopic or histological levels.
At the time of sacrifice, all animals treated with peruvioses A and B were in well condition,

with normal physical appearance when compared to control group. In addition, absolute
and relative weight of all the studied organs (liver, kidneys, spleen, heart, lungs and
testes/ovaries) were found to be normal, regardless of sex or dosage level (Table 6.1).
Pathological examination of the tissues on a gross basis did not revealed detectable
abnormalities on mice treated with sucrose esters from P. peruviana. Consistently,
histological evaluation did not show any microscopic disturbances on any of the studied
organs related to the administration of peruvioses at the highest dose (Figure 6.2).
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Table 6.1. Effect of sucrose esters from Physalis peruviana on absolute and relative
organs weight of CD-1 (ICR) mice.

Organ Weights (Relative Organ Weights)

Treatment Control Peruvioses A and B (mg/Kg/day) MMC
(Vehicle) 2.5 5 10 (0.5 mg/Kg/day)
Males n=5-10
Body weight (g) 34.10+0.81 33.80+0.37 34.30+0.70 34.10+0.81 33.00+0.70%*
Liver 2027.69+54.36  2125.65+£173.96 2098.49+93.94 2125.44£121.66  2037.02+120.07
(5.90+0.13) (6.19+0.43) (6.10+0.23) (6.27+0.38) (6.21£0.43)
Riemeys 383.11+43.42 245.56+13.88 374.99+37.86 393.91£36.09 478.78+15.63
(1.09+0.11) (0.72+0.04) (1.10+0.11) (1.17+0.10) (1.46+0.06)
Sisllesin 164.23+6.61 160.46:14.41 162.31£9.91 168.62+15.74 128.34+14.30
(0.47+0.02) (0.47+0.04) (0.47+0.03) (0.50+0.05) (0.39+0.05)
Heart 190.29+6.88 165.18+8.28 191.44+6.16 183.33£9.43 186.14+11.04
(0.55+0.02) (0.48+0.03) (0.56+0.02) (0.55+0.03) (0.56+0.02)
s 252.14+8.35 268.44+9.79 252.68+15.13 262.43£12.10 233.14+13.03
(0.73+0.02) (0.79+0.03) (0.74+0.04) (0.78+0.03) (0.71£0.05)
Testes 228.90+14.24 205.82+17.75 235.98+5.84 251.23+£7.47 97.80+6.44%***
(0.66+0.04) (0.60+0.05) (0.69+0.02) (0.74+0.03) (0.30+0.01)****
Females n=5-10
Body weight (g) 27.90+0.69 27.50+0.43 28.10+0.67 26.80+0.33 26.00+0.32%*
Liver 1471.04+64.95 1552.28499.86  1552.33+42.73  1473.32+39.09 1410.26+25.26
(5.3940.16) (5.54+0.35) (5.54+0.13) (5.54+0.14) (5.64+0.10)
ity 245.38+30.19 176.97+4.97 247.78+30.50 234.29427.35 286.10+£11.29
(0.89+0.11) (0.64+0.02) (0.88+0.11) (0.88+0.10) (1.14+0.05)
Sisllesin 151.41£7.97 159.85+12.66 158.22+10.11 162.36+11.85 112.70+5.52*
(0.55+0.03) (0.57+0.04) (0.57+0.04) (0.61+0.04) (0.45£0.02)
Heart 149.35+6.63 137.38+7.52 150.86+6.04 149.59+5.50 142.48+11.83
(0.54+0.02) (0.49+0.03) (0.54+0.02) (0.56+0.02) (0.57+0.02)
s 233.13+£7.31 239.50+19.66 229.74+9.51 229.50+9.01 223.76+9.22
(0.85+0.02) (0.86+0.06) (0.82+0.03) (0.86+0.03) (0.90+0.04)
Ovaries 28.11+1.69 27.93+0.83 28.60+1.38 29.80+2.98 19.24+2.19%*
(0.10£0.01) (0.08+0.02) (0.10+0.01) (0.11+0.01) (0.08+0.01)

Peruvioses A and B: Sucrose esters isolated from Physalis peruviana L. calyces. MMC: Mitomycin C. After
mice sacrifice, organ weight was recorded (mg) and a relative organ-to body weight was calculated and
expressed as percentage. Data is expressed as mean = ESM, from two independent experiments. *P<0.05,
*#P<0.01, ****P<0.0001 ANOVA from control group.

In the case of MMC-treated mice (0.5 mg/Kg/day), the weight of liver, kidneys, heart, and
lungs showed no significant differences with control group. However, the absolute weight
of spleen and ovaries from MMC-treated female mice was significantly lower than control
mice (Table 6.1, P<0.05). Similarly, absolute and relative testes weight from MMC-treated
male mice were remarkably reduced (P<0.0001). With regard to female mice, histological
analysis of spleen revealed that some animals presented a slight increase in the red pulp
area without disruption of splenic architecture (Figure 6.2B). It was also found a minor loss
of developing follicles in the ovaries, in absence of other atrophy associated lesions (Figure
6.2B). On the other hand, histological evaluation of testes revealed alteration in the
structure of seminiferous epithelium with germ cell degeneration characterized by
disorganized arrangement of germ cells in the tubules, presence of vacuoles and slight
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necrosis (Figure 6.2A). Our results are similar to recently reported effects of MMC on
testes of albino mice.[34]

A. Histological analysis — Male mice
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Figure 6.2. Sucrose esters from Physalis peruviana did not alter the histological architecture of
liver, kidney, spleen, heart or gonads. CD-1 (ICR) mice received peruvioses A and B (10
mg/Kg/day, ip), mitomycin C (MMC, 0.5 mg/Kg/day, ip), or vehicle for 28 days. Organs (liver,
kidneys, spleen, heart, and gonads) were harvested, stained with hematoxylin and eosin (H&E), and
analyzed by a blinded researcher. Representative pictures of male (A) and female (B) mice are
shown. Black arrow is pointing vacuolization in testes of mice treated with MMC. Images from liver,
spleen and heart were taken with 20X magnification. Images from kidney, testes and ovaries were
taken with 40X magnification.
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6.4.3 Biochemical and urine parameters of mice were not affected by repeated
administration of Sucrose esters from Physalis peruviana.

Following 28-day administration of the mixture of sucrose esters from P. peruviana, urine
was collected and assessed with urinary test papers. Urinalysis did not reveal changes in
parameters such as specific gravity, pH, protein, nitrite, urobilinogen, bilirubin, glucose,
and the presence of occult blood or ketones (data not shown).

Table 6.2. Effect of sucrose esters from Physalis peruviana on biochemistry serum
parameters in CD-1 (ICR) mice.

Serum Biochemical Parameters

Treatment Control Peruvioses A and B (mg/Kg) MMC
(Vehicle) 5 10 (0.5 mg/Kg/day)

Males n=5-10
Glucose (mg/dL) 67.20+£5.82 61.40+4.91 63.40+3.07 58.20+5.33
Albumin (g/L) 1.86+0.22 1.50+0.11 1.64+0.14 1.96+0.21
Urea Nitrogen (mg/dL) 49.75+5.12 47.79+1.88 40.58+1.34 42.56+4.73
Creatinine (mg/dL) 0.48+0.06 0.47+0.04 0.47+0.03 0.39+0.01
ALPa (IU/L) 94.43+12.73 81.20+14.49 69.80+9.46 98.00+15.82
ASTDb (IU/L) 121.17£16.90 98.38+9.50 98.38+9.51 142.50+7.05
ALTc (IU/L) 58.57+6.89 43.25+2.32% 44.8042.73* 50.40+2.16
Females n=5-10
Glucose (mg/dL) 60.00+4.04 52.40+5.48 50.75+5.98 53.20+4.48
Albumin (g/L) 1.99+0.13 1.87+0.16 1.85+0.19 2.03+0.18
Creatinine (mg/dL) 0.53+0.05 0.42+0.04 0.48+0.04 0.34+0.02*
ALP (IU/L) 105.00+9.74 81.80+13.15 77.50+£11.85 98.20+8.94
AST (IU/L) 108.86+8.05 126.00+9.84 152.13+26.08 154.80+10.91
ALT (IU/L) 41.134+2.85 48.10+3.10 58.71£9.13 51.00£3.45

Peruvioses A and B: Sucrose esters isolated from Physalis peruviana L. calyces. MMC: Mitomycin C. Data is
expressed as mean = ESM, from two independent experiments. *P<0.05, **P<0.01, ****P<0.0001 ANOVA
from control group. * Alkaline Phosphatase. > Aspartate aminotransferase. © Alanine aminotransferase.

The serum biochemistry data are summarized in Table 6.2. Administration of the mixture
of peruvioses A and B (5 and 10 mg/Kg/day, ip) did not caused significant changes in
parameters such as glucose, albumin, urea nitrogen, and creatinine levels when compared to
control group. The serum levels of liver function parameters such as ALT, AST and ALP,
were found to be modestly modified when mice were treated with sucrose esters from P.
peruviana, with values within normal laboratory ranges for CD-1 (ICR) mice.[35]
However, significant reduction of ALT levels was observed in male mice at both dosage
levels. The effect of MMC (0.5 mg/Kg/day, ip) was also investigated. Similarly, most of
the serum biochemical parameters were not modified when compared to control mice.
However, creatinine levels were significantly diminished in MMC-treated female mice
(Table 6.2, P< 0.05). Although creatinine levels were within normal ranges, this result
might be related to the reduction in body weight and consequently muscle mass.
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6.4.4 Sucrose esters did not alter leukocyte subsets proportions or increase the
number of MN-peripheral erythrocytes
To assess the distribution of leukocyte subsets, we performed a differential count on blood

smears from sucrose esters treated mice, as well as control animals. No test article-related
effects were observed in the percentage of lymphocytes, including reactive and immature
cells, neutrophils, monocytes, eosinophil and basophiles (Table 6.3). In the case of MMC-
treated mice, changes were only observed in eosinophil counts, with a reduced percentage
in male mice when compared to control group (P<0.05).

Table 6.3. Effect of sucrose esters from Physalis peruviana on hematological
parameters in CD-1 (ICR) mice.

White Cell Count (%)
Treatment Control Peruvioses A and B (mg/Kg/day) MMC
(Vehicle) 2.5 5 10 (0.5 mg/Kg/day)
Males n=5-10
Lymphocytes 62.93+£2.73  68.59+5.34  65.83£1.45  66.85£1.82 59.2242.63
Reactive Lymphocytes 4.00+0.64 1.98+0.15 4.00+0.88 3.44+0.63 5.22+1.55
Immature Lymphocytes 1.224+0.34 2.41+0.48 0.88+0.35 1.56+0.48 0.11+0.11
Monocytes 4.2240.62 3.29+0.39 5.00+0.47 4.324+0.66 4.67+1.20
Neutrophils 23.38+2.47 19.11+£3.85  19.22+0.91 19.48+1.31 29.22+2.36
Eosinophils 3.29+0.66 2.41+0.75 3.18+0.63 2.63+0.49 0.56+0.34*
Basophils 1.28+0.33 2.20+0.54 1.50+0.25 1.50+0.34 1.00£0.55
Females n=5-10
Lymphocytes 73.0242.04  68.20+2.39  72.40+£1.99  72.48+2.60 76.21£1.19
Reactive Lymphocytes 1.44+0.38 2.09+0.37 1.21£0.32 1.95+0.27 1.46+0.34
Immature Lymphocytes 1.44+0.42 2.30+0.33 1.25+0.42 1.50+0.41 0.44+0.44
Monocytes 6.83£1.10 2.80+0.31 7.05£1.18 6.12£1.06 6.66x1.20
Neutrophils 14.10+£1.59 19.30£2.06  14.83+1.57 14.68+1.92 13.11+0.61
Eosinophils 2.3340.36 2.20+0.46 2.21+0.46 2.17+0.31 2.11£0.61
Basophils 0.78£0.22  2.00+0.28* 1.05+0.27 1.11+0.31 0.00-+£0.00

Peruvioses A and B: Sucrose esters isolated from Physalis peruviana L. calyces. MMC: Mitomycin C. Data is
expressed as mean + ESM, from two independent experiments. *P<0.05, ANOVA from control group.

In vivo rodent MN assay has been widely used to evaluate genotoxicity of chemicals.[36]
The results of MN formation in peripheral erythrocytes are shown in Figure 6.3. As can be
seen, treatment with peruvioses A and B did not induced significant changes in the number
of both MN-PCE and MN-NCE, regardless the sex or dosage level. Conversely, male and
female mice treated with MMC (0.5 mg/Kg/day) exhibited a remarkable induction of MN
formation in PCE and NCE when compared to control group (Figure 6.3B), together with a
moderate increase of PCE/NCE ratio, with significant differences only for female animals
(P<0.01 from control group).
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Figure 6.3. Treatment with sucrose esters from P. peruviana did not increase the frequency of
micronucleated peripheral erythrocytes. CD-1 (ICR) mice received peruvioses A and B (2.5, 5,
and 10 mg/Kg/day), mitomycin C (MMC, 0.5 mg/Kg/day, ip), or vehicle for 28 days. Smears from
peripheral blood were prepared and erythrocyte population was assessed. (A) Representative pictures
of polychromatic erythrocytes (PCE), normochromatic erythrocytes (NCE), micronucleated PCE
(MN-PCE), and micronucleated NCE (MN-NCE); (Wright’s Stain; 100X). (B) Frequency of MN-
PCE and MC-NCE, as well as PCE/NCE ratio. Results are representative of two independent
experiments, and are expressed as the mean = S.E.M. (n=5-10 per group). (*) P<0.05, (**) P<0.01,
and (¥***) P<0.0001 vs. control group.

6.4.5 Treatment with sucrose esters from Physalis peruviana did not increase the
frequency of MN-PCE in bone marrow smears.
The results obtained from the bone marrow MN assay of mice treated with the mixture of

peruvioses A and B for 28 days are presented in Figure 6.4. Sucrose esters did not induce
significant changes in the number of MN-PCE or PCE/NCE ratio. As expected, animals
treated with MMC showed a high frequency of MN-PCE in bone marrow cells when
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compared to the control (P<0.0001). Moreover, the PCE/NCE ratio was moderately
reduced in MMC-treated mice, with significant differences only for female animals
(P<0.01 from control group), which indicates bone marrow toxicity.

6.4.6 Administration of sucrose esters from Physalis peruviana did not promoted
genotoxic effects
To determine whether sucrose esters from P. peruviana induce DNA damage, we employed

neutral comet assay to evaluate peripheral blood cells. As shown in Table 6.4, mice treated
with vehicle presented a basal level of DNA damage that was not significantly modified by
the treatment with the mixture of peruvioses A and B (10 mg/Kg, ip), regardless of the
analysis method (manual vs. automatized).

On the other hand, Ames test revealed no significant changes in the number of revertant
colonies when TA100 bacteria were treated with peruvioses mixture (30 pg/mL) in
comparison with spontaneous revertant colonies from the control group, in the presence and
absence of S9 metabolic activation system (data not shown).

6.4.7 Hepatic gene expression of steatosis markers was not modified by treatment
with Physalis peruviana.
Given the fatty liver phenotype observed in response to administration of certain sucrose

esters, as previously reported by [37]; six genes that are representative markers of steatosis
(Cd36, Fasn, Lpl, Ppara, Scdl, and Srebfl) were evaluated to analyze the hepatic effects
induced by sucrose esters from P. peruviana, when administered for a 28-day period. RT-
PCR analysis revealed no significant changes in the hepatic expression of marker genes in
mice treated with peruvioses when compared to control group (Figure 6.5).

Table 6.4. DNA damage measured by neutral comet assay in peripheral blood cells
from CD-1 (ICR) mice treated with sucrose esters from Physalis peruviana.

Treatment Co :1 ::;llzle;:lyn 44 % Tail DNA Tail Moment Mo(lzllg’l(: (T(;“TIM)
Control

Male (n=5) 2.1340.53 21.80+1.49 5.07+0.29 3.01£0.17
Female (n=5) 1.65+0.58 20.56+2.04 4.87+0.68 3.03£0.36
Total 1.89+0.39 21.18+1.24 4.97+0.36 3.02+0.19
Peruvioses A and B

Male (n=5) 2.18+0.36 17.63+1.70 4.72+0.58 2.99+0.31
Female (n=5) 3.630.83 17.46+1.54 4.3140.70 2.80+0.40
Total 2.90+0.46 17.54+1.11 4.51+0.45 2.89+0.25

Peruvioses A and B: Sucrose esters isolated from Physalis peruviana L. calyces, administered daily (10
mg/Kg/day, ip). Peripheral blood was mixed with low-melting point agarose and analyzed using neutral
comet assay. Slides were scored visually by three blinded investigator to assign a comet score (0-4).
Percentage of DNA on tail (%Tail DNA), Olive Tail Moment (OTM) and Tail Moment were calculated by
analyzing at least 1000 comets per slide (2000 comets/animal) using OpenComet software [33]. Data are
expressed as mean + ESM.
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Figure 6.4. Sucrose esters from Physalis peruviana did not increase the frequency of
micronucleated bone marrow erythrocytes. CD-1 (ICR) mice received peruvioses A and B (2.5,
5, and 10 mg/Kg/day), mitomycin C (MMC, 0.5 mg/Kg/day, ip), or vehicle for 28 days. Smears
from bone marrow were prepared and erythrocyte population was assessed. (A) Representative
pictures of polychromatic erythrocytes (PCE), normochromatic erythrocytes (NCE), and
micronucleated PCE (MN-PCE); (Wright’s Stain; 100X). (B) Frequency of MN-PCE and PCE/NCE
ratio. Results are representative of two independent experiments, and are expressed as the mean +
S.E.M. (n=5-10 per group). (**) P<0.01, and (****) P<0.0001 vs. control group.
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Figure 6.5. Gene expression of hepatic steatosis markers was not modified by administration
of sucrose esters from Physalis peruviana. CD-1 (ICR) mice received peruvioses A and B (10
mg/Kg/day) or vehicle for 28 days. mRNA was extracted from liver of male mice, and six genes
(Cd36, Fasn, Lpl, Ppara, Scdl, and Srebfl) were analyzed by RT-PCR. Results are expressed as the
mean + S.E.M. (n=5 per group).

6.5 Discussion

Sucrose esters are non-ionic emulsifiers that play important roles in food, cosmetics, and
pharmaceutical industries.[15] Although considered safe and environmentally-friendly,
information on the toxicity of these compounds is scarce, particularly when administration
routes different to oral exposure are employed.[15, 38] Here, we show compelling evidence
of the safety of peruviose A and B, sucrose esters isolated from P. peruviana calyces, in a
28-day repeated-dose study using intraperitoneal administration.

Aside from the variety offered by the industry, a vast collection of sucrose esters are
present naturally in plants. Indeed, a unique feature of the glandular trichomes of plants
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from the Solanaceae family, is that they produce glucose and sucrose esters, which have
been shown to possess insecticidal, antifungal, and antibacterial properties.[23] Physalis,
one of the best known genus of this family for its economic and ethnopharmacological
importance, is also recognized as an abundant source of sucrose esters.[12] So far, twenty
sucrose esters have been isolated from P. viscosa, P. nicandroides var attenuata, P. sordida,
P. solanaceus, P. peruviana, P. neomexicana, and P. philadelphica [11, 13, 14, 39-41].
Within the pharmacological activities reported for these secondary carbohydrates, their
anti-inflammatory and antibacterial effects appear to be the most important.[12]
Noteworthy, these studies employed parenteral routes of administration, either topical or
intraperitoneal, mainly to mimic the ethnopharmacological application or avoid
gastrointestinal degradation of test compounds.[7, 11, 13] Therefore, to optimize the safe
employment of Physalis species and their sucrose esters, toxicological studies are
compulsory.

In this study, we evaluated the toxicological effect of the mixture of peruvioses A and B,
from P. peruviana calyces, which were previously identified as promising anti-
inflammatory agents.[11] We employed a sub-acute model of exposure where male and
female CD-1 (ICR) mice were treated with peruvioses at doses of 2.5, 5, and 10 mg/Kg/day
for 28 consecutive days. The highest dose (10 mg/Kg) corresponds to 2-4 times the
effective dosage levels of sucrose esters in sub-acute and chronic models of chemically
induced colitis (unpublished data). Administration of test compounds was performed by
intraperitoneal route to guarantee complete access of the tested compounds to the general
circulation. The noxious response (writhing and piloerection) that occasionally occurred
after injection of test compounds (10 mg/Kg) was not unexpected, since we previously
found this effect when treating mice at higher doses.[11] However, the occurrence,
magnitude, and latency of discomfort after administration with peruvioses A and B (10
mg/Kg) was significantly less severe than the previously studied dosages (>100 mg/Kg),
where acute toxicological effects of sucrose esters resulted in pronounced pain,
piloerection, and hypoactivity.[11] Our results indicate that this local, and transient noxious
response of sucrose esters might be related to an irritant activity, since solutions were
sterile and isotonic.[42] Nevertheless, no signs of corrosive reactions such as necrosis,
bleeding, or discoloration; peritonitis; extravasation and liquid accumulation; or adhesions
were found in the abdominal or thoracic cavities when performing the gross necropsy.
Thus, intraperitoneal administration of peruvioses A and B (10 mg/Kg) is considered to be
safe.

With regard to general toxic effects, mice treated with peruvioses A and B did not exhibited
deterioration of their general condition, or differences in food consumption or body weight,
during the 28-days treatment period, regardless of dosage level or sex. Macroscopic
examination revealed no treatment related changes on vital organs weight or appearance.
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Moreover, histological examination showed no alterations on any of the animals treated
with peruvioses when compared to control group.

In our previous acute toxicity study, administration of peruvioses in doses from 215 to 300
mg/Kg produced toxic effects in a dose dependent-manner, thus they are classified in GHS
category III (>50-300) according to OECD-423 guideline.[43] However, further analysis
did not found abnormalities on the gross morphology and histology of liver and kidneys,
key organs that metabolize and eliminate toxic substances.[11] These organs are especially
important when studying sucrose esters administered by parenteral routes since previous
intravenous dosing studies with rats and monkeys, demonstrated that if certain sucrose ester
were absorbed intact, it would be rapidly taken up by the liver, systemically metabolized,
and slowly eliminated through the bile and urine.[15, 44] In the present study, the values of
functional biochemical parameters for liver (AST and ALP) and kidney (urea and
creatinine) were not changed after sub-acute administration of peruvioses A and B, when
compared to control group. Interestingly, ALT levels were significantly decreased in male
mice treated with higher doses (5 and 10 mg/Kg). These levels were not considered to be
pathological since they were within the normal biological ranges for CD-1 (ICR) mice.[35]
Taken together, our evidence suggests that liver and kidney function are not affected by
administration of sucrose esters from P. peruviana.

Remarkably, several independent studies have demonstrated the amelioration of chemically
induced toxicity on liver, kidneys, and testicles by oral administration of extracts from
leaves, roots, and fruits of P. peruviana. Such bioactivity is related to the reduction of
histological damage; oxidative stress markers (malondialdehyde, superoxide dismutase, and
nitric oxide); and serum biochemical markers (ALT, AST, ALP, bilirubin, creatinine, and
urea).[45-49]

Assessment of the mutagenic and genotoxic effects of sucrose esters from P. peruviana is
compulsory to support its safety. Consequently, after sub-acute administration of
peruvioses A and B, the endpoints integrated were micronucleated erythrocytes in
peripheral blood; micronucleated polychromatic erythrocytes in bone marrow; as well as
DNA damage in peripheral blood cells, via Neutral Comet assay. In addition, to further
investigate if peruvioses were capable of inducing mutations, Ames test was also employed.

The micronucleus (MN) test is one of the most widely applied assays to test new
compounds, in vivo and in vitro, for regulatory purposes.[29, 50, 51] MN are formed during
cell division, resulting either from chromosome breakage (clastogenic agents) or loss
(aneugenic agents).[52] Data analysis revealed no increases in the MN-frequencies in
peripheral or bone marrow erythrocytes of peruvioses-treated mice, regardless the dosage
level. The negative controls were within our historical control database and the positive
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control MMC produced a statistically significant increase in the frequency of MN-
erythrocytes. Therefore, the validity of the test system was proven.

It is well-known that comet assay (single cell gel electrophoresis) is a simple, rapid,
sensitive and quantitative method for measuring DNA damage, at the level of individual
cells.[53, 54] Moreover, the combination of the comet assay and MN test is a useful method
to detect genotoxic carcinogens that are undetectable with MN assay alone.[55] Thus, a
comet assay was conducted to detect the in vivo genotoxic effect of sucrose esters mixture
from P. peruviana. The results did not show significant increase in the analyzed parameters
(frequency of comets, % tail DNA, or tail moment) due to repeated treatment with
peruviose A and B. Hence, test compounds were judged to be negative in the comet assay.

For in vitro toxicology assessment of an herbal extract, Ames test is frequently the method
of choice.[56] Mutagenicity measured by the bacteria reverse mutation test provides
information about the tendency of a test substance to induce changes in DNA sequence.[57]
Data analysis revealed strong mutagenicity activity of sodium azide and 2-anthramine,
employed as positive control. In contrast, no evidence of mutagenic properties was found
for peruvioses A and B. Although we did not employ the minimum number of bacterial
strains recommended by the OECD [58], our results employing mammalian in vivo
conditions are sufficient to provide unequivocal support of the lack of genotoxicity of
sucrose esters from P. peruviana.

The accumulation of DNA lesions plays a pivotal role in carcinogenesis, an increase in the
frequency of reversed bacteria [59], micronucleated cells [60], and comets [61] has been
reported to predict accurately cancer risk. Therefore, our evidence supports the safety of
chronic treatment with peruvioses A and B from P. peruviana, at the studied dosage levels.
Nevertheless, additional in vivo studies employing longer periods of administration are
recommended. Interestingly, studies of the chronic toxicity of sucrose esters, administered
per oral, showed no adverse effects on the animals, and no evidence of increased frequency
of tumors or other abnormalities.[15, 62, 63]

As mentioned before, all available data indicate that sucrose esters are harmless with
current regulations supporting the safety of sucrose esters trough oral consumption, up to
40 g per Kg as acceptable daily intake.[15] However, the exposure route is expected to
make a difference in bioavailability and metabolism of compounds and consequently in
their toxicological effects. In fact, in vivo assays with intraperitoneal administration are
thought to be more sensitive than those with per oral administration.[64] In the case of
Peruvioses A and B, although administered intraperitoneally, our findings are similar to
those seen after oral administration of other sucrose esters. From our point of view, this
might be related to the fact that the first-pass through liver is shared by both routes of
administration.[42] Indeed, previous reports demonstrated that in both humans and rodents,
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administered sucrose esters are partially hydrolyzed in the gastrointestinal tract, presumably
to sucrose, fatty acids, and partially esterified fatty acids, which are absorbed and
metabolized largely in the liver [65].

One of the main drawbacks of this study is that the dosage range was narrower and dosage
levels were lower, in comparison to those previously employed with oral gavage studies.
Yet, they were selected to guarantee lack of toxicity of test compounds at therapeutic doses.
In addition, bioavailability is higher by intraperitoneal administration, especially in the case
of sucrose esters that are metabolized in the gastrointestinal tract. Nevertheless, we
recommend that further studies with peruvioses should be conducted using a wider range of
doses levels to establish no observed adverse effect levels (NOAEL).

In conclusion, this pre-clinical study demonstrated the lack of toxicological effects in CD-1
(ICR) mice, treated with peruvioses A and B from P. peruviana, for a 28-days period. Thus,
our findings provide some assurance of the safety of sucrose esters administered by
parenteral routes.
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7 CHAPTER SEVEN. General Discussion

Naturally-occurring sucrose esters have been isolated mainly from the glandular trichomes
of species belonging to the Solanaceae family.[1] Their taxonomic and ecological
importance is well recognized, with studies showing that surface acylated sucrose
metabolites are useful as chemotaxonomic markers to unveil confusing classification based
on the morphology of the plant and molecular markers.[2, 3] Similarly, sucrose esters are
considered an essential chemical mechanism for drought resistance [4] and defense against
predators (pathogenic bacteria, fungi, and insects) through several mechanisms.[1, 5] From
the pharmacological point of view, the isolation of these compounds in medicinal plants is
a strong indicator of their potential bioactivity, which is remarkable in the case of Physalis
genus, where the presence of sucrose esters in aerial parts, flowers, fruits, and calyces has
been related to the anti-inflammatory activity described for their plant source.[6-8]

With regard to P. peruviana, the anti-inflammatory and immunomodulatory properties of
extracts/fractions from the calyces have been well described.[9-11] Therefore, it is
unsurprising that the main bioactive compounds from the ethereal extract of P. peruviana
calyces were sucrose esters. Indeed, the extraction, fractionation and preliminary chemical
screening (test for carbohydrates and esters) was conceived on the rationale that acylated
sugar metabolites were abundant in aerial parts of this species. As a result, we obtained the
first core finding of this doctoral thesis: the identification of two new sucrose esters named
peruvioses A and B from the calyces of P. peruviana with anti-inflammatory activity.[12]
Unfortunately, compounds were isolated as a mixture that could not be separated with the
tools available to us and our collaborators. Reports of “inseparable” mixtures of acylated
sucrose compounds are not unusual, since small differences in their structures and high
abundance, together with their amphipathic nature, often leads to lack of resolution with
standard separation techniques (preparative TLC, reverse HPLC).[13, 14] Although this is
not the case for most recently published reports, it is obvious that this task was simplified
by the separation of small amounts of compounds mixture, often with employment of time-
consuming and low efficiency methods that are useful just for chemical characterization of
secondary metabolites. Nevertheless, the technical experience gained with the development
of this doctoral thesis has been useful to attempt new separation methods that are currently
employed in new projects in our laboratory.

The isolation and structural elucidation of sucrose esters within Physalis genus, has
flourished in the last decade, allowing the report of thirty compounds to date. A
comprehensive revision of the occurrence and characterization of sucrose esters form
Physalis genus, showed that a series of di- to penta-acylated compounds with low
molecular aliphatic acids (up to C14) especially acetic, isobutyric (2-methyl-propionic; iso),
2-methylbutyric (anteiso), 3-methylbutyric (isovaleric; iso), 3-methyl-2-butenoic, decanoic

125



(capric), and dodecanoic (lauric) acids were determined to be responsible for O-acylation at
(2, 3, and 4) glucose or (1’ and 3°) fructose moieties. Additionally, the presence of tigloyl
group and tetradecanoic (myristic) acid was recently reported for compounds isolated from
P. alkekengi.[15] Despite the wide distribution and importance of acyl sucrose in Physalis,
the understanding of how acyl chains are attached to sucrose is still poor. However, the
resemblance between the substituents and the positions of acylation reveals that sucrose
esters from this genus might share the same biosynthetic pathway. In the specific case of
peruvioses A and B, the positions of O-acylation were 2, 3, 4, and 3’; with isobutyric, 3-
methylbutyric, and decanoic acid as substituents. Since both straight-chain and branched-
chain fatty acids are present in the molecules, it is assumed that fatty acid synthase (FAS)-
mediated and/or the a-keto acid elongation pathways could be involved in their synthesis,
as previously reported for Nicotiana and Solanum species.[16, 17] Even though this
doctoral thesis did not focus on the synthesis or the mechanisms regulating the biosynthetic
pathways of sucrose esters from P. peruviana, such research is undoubtedly a pre-requisite
to increase their potential for further exploitation and to guarantee their inclusion in the
food/pharmaceutical industry.

On the other hand, the anti-inflammatory effect of the isolated mixture of peruvioses A and
B was demonstrated using a rodent model of general inflammation - A-carrageenan induced
paw edema. This effect was related to a strong down-regulation of NO and PGE2
production, as proved by the experiments with LPS-stimulated peritoneal macrophages.[12]
The evaluation of NO (iNOS) and PGE2 (COX-2) were frequent in this work since they are
important for the management of unresolved chronic inflammation, and have also been
described as the main molecular targets associated with the anti-inflammatory activity of
acyl sucrose metabolites. Indeed, sucrose esters isolated from different plant sources have
shown to inhibit significantly NO and PGE2 production in activated cells.[18, 19] In this
regard, [7] recently reported that five sucrose esters isolated from P. philadelphica inhibited
COX-1 and COX-2 enzymatic activity. To this point, with the identification of new sucrose
esters from P. peruviana, and their further characterization, this doctoral thesis contributed
with important chemical and pharmacological information concerning to the bioactivity of
sucrose esters from Physalis genus.

Taking into account that immune system alterations and inflammation are involved in the
pathophysiology of many chronic diseases, including inflammatory bowel disease (IBD),
we started the evaluation of the effect of peruvioses A and B from P. peruviana calyces, as
well as their parental total extract, in the rat model of colitis induced by TNBS. Although
our previous investigations demonstrated that the anti-inflammatory effect was remarkable
increased in the sucrose esters-enriched fraction when compared to the total extract [10],
we decided to include the extract in this study to enhance the possibility of finding the
metabolites with major impact on intestinal inflammation. In this sense, the critical
component of this thesis relays on the study of calyces of P. peruviana as a whole (extract

126



+ isolated compounds), which in turn encompasses a greater and more ambitious objective
from our research group: the development of naturally-derived treatments for IBD and
colorectal cancer.

First, with the evaluation of the total ethereal extract it was proved that treatment with P.
peruviana is effective to attenuate the intestinal inflammation induced by TNBS in rats. It
is important to emphasize that, in this doctoral thesis, the colonic damage was assessed 3-
days (preventive set-up) and 2-weeks (therapy set-up) after TNBS instillation, which
allowed us to determine the effect of test extract/compounds on non-specific acute
inflammation, as well as established/chronic inflammation. Regardless of the experimental
layout, the severity of intestinal inflammation was assessed using macroscopic, histologic,
and molecular parameters. With reference to the evaluation of P. peruviana total extract, it
was found that as a consequence of its administration, the histological damage induced by
TNBS to the intestinal epithelium was significantly reduced, which promoted a recovery in
the extension of macroscopic lesions observed in colonic biopsies. The colonic
weight/length ratio was also decreased in rats treated with extract, revealing an
amelioration of the tissue edema. MPO activity was slightly reduced in both experimental
settings, which suggests a lower neutrophil infiltration in comparison with untreated colitic
rats. In addition, when the deregulated immune response was evaluated, the results showed
that extract solely down-regulated the colonic levels of IL-1p and TNF-a. This was
accompanied by the modulation of LPS-activated RAW264.7 macrophages and their
production of NO at non-toxic concentrations (Figure 7.1).

On the other hand, the chemical characterization of P. peruviana extract revealed the
pronounced presence of flavonoids and steroids, together with esters and carbohydrates,
which are distinctive of sucrose esters. Taking into account the abundance of flavonoids in
the total extract, as well as their well-known antioxidant properties [20]; we decided to
evaluate their scavenging effect employing DPPH and ABTS methods. Interestingly, the
total extract showed low antioxidant properties in vitro (ICso greater than 500 pg/mL),
which suggests that the in vivo effect of test extract is related exclusively to its anti-
inflammatory and immunomodulatory properties. This is noteworthy, since many reports of
traditionally employed extracts put special emphasis on their antioxidant activity, usually
overestimating it, as a mechanism to reduce the inflammation induced by the enhanced
production of reactive oxygen and nitrogen species (RONS), which destructive effects on
DNA, proteins and lipids contribute to the progression of IBD.[21, 22]

Steroids were another important group of compounds in the extract of P. peruviana calyces,
suggesting the presence of withanolides, a group of oxygenated C28 ergostane-type steroids
lactones, recognized as the most frequently occurring constituents of the genus Physalis.
Up to know, one hundred sixty nine (169) withanolides have been reported from this
genus.[6] In the matter of P. peruviana, previous phytochemical studies have led to the
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isolation of more than thirty (30) withanolides from the whole plant, aerial parts, or
calyces.[6, 23] As withanolides are considered the distinctive compounds from Physalis,
their biological activities have been studied thoroughly. Nevertheless, just until recently,
withanolides were recognized as potent immunomodulatory and anti-inflammatory
compounds, with ability to regulate the activation LPS-stimulated macrophages trough
suppression of NF-kB, STAT3, and HO-1.[23-26]
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Figure 7.1. Molecular targets involved in the protective effect of the total extract of Physalis
peruviana L. in TNBS-induced colitis. The inflammation induced by TNBS is mainly promoted
by haptenization of host proteins, which provokes severe ulceration of the mucosa, colon
shortening, and edema. At histological level, TNBS promotes extensive mucosa ulceration with
goblet cells depletion and transmural infiltration on mononuclear cells and neutrophils
recruitment which can be monitored by measurement of myeloperoxidase (MPO) activity. The
deregulated immune response is induced by microbe’s translocation to lamina propria, as well as
by hapten-modified colonic proteins that are recognized by antigen presenting cells that in turns
promote a Thl response. This leads to IL-12 secretion and the induction of IFN-y by activated T
cells. IFN-y stimulates macrophages to produce cytokines (IL-1B, IL-6, IL-12, and TNF-a),
chemokines (CCL2 and CXCL1), and others mediators of inflammation (NO and PGE2). IFN-y,
TNF-a, and IL-12 act in synergy to maintain a positive feedback for Th1 response.[27] The total
extract obtained from the calyces of P. peruviana L. significantly ameliorated the intestinal
inflammation induced by TNBS in rats. This activity might be related with the reduction of the
neutrophils migration and restoration of intestinal mucus layer, as well as the decrease of TNF-a,
IL-1B and NO levels, which are considered crucial targets in IBD. Blunt-head red arrows show
inhibition or down-regulation as a consequence of the treatment with P. peruviana.
Abbreviations; CCL2: chemokine ligand 2, also referred to as monocyte chemoattractant protein
1 (MCP-1); CXCL1: chemokine (C-X-C motif) ligand 1; MPO: myeloperoxidase, MUC2: mucin
2, NO, nitric oxide; PAMPs: pathogen-associated molecular patterns; PGE2, prostaglandin E2;
Thl: T helper 1.

Undoubtedly, the presence of withanolides in the total ethereal extract of P. peruviana
calyces might be related with its biological activity at intestinal level, especially on the
account of their potent immunomodulatory effect. However, their abundance in the test
extract is drastically surpassed by sugar esters, specifically the mixture of peruvioses A and
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B, isolated in a bioguided fractioning. Therefore, from our point of view withanolides are
not the major anti-inflammatory compounds of P. peruviana calyces. Instead, the presence
of withanolides might explain the elevated acute toxicity observed for the extract - LDsy
345.49 (311.03-379.95) mg/Kg, since this type of compounds produce severe effects as
piloerection, diarrhea, and severe weight loss, at low dosage levels (LDso below 100 mg/Kg
in most cases).[28] In fact, it was noticed that rats treated with test extract did not recover
from the weight loss induced by TNBS, even though it was ameliorating the intestinal
inflammation.

So far, our data indicates that the beneficial effect of P. peruviana extract in TNBS colitis is
related to a restoration of the intestinal mucosa as well as modulation of the immune
response with reduction of TNF-a, IL-1p and NO levels, important mediators involved in
the pathological response and symptoms of IBD. Therefore, it was established, for the first
time, the potential of calyces of P. peruviana as a promising source of new natural-derived
compounds to treat intestinal inflammation. This was a milestone on this doctoral thesis
project, since its achievement indicated the advancement to a new phase involving the
evaluation of the major bioactive compounds of the extract, peruvioses A and B.

As previously mentioned, the experimental layout designed to work with the total extract
was also employed to assess the effect of the mixture of peruvioses. In the case of the
preventive model, the administration of peruvioses produced a significant but modest
beneficial effect, as evidenced by the reduction of macroscopic and histological damage.
Similarly, the treatment with these sucrose esters produced a remarkable amelioration of
established/chronic TNBS-induced inflammation, by reducing mortality rates and weight
loss, along with a marked diminution of edema and extension/severity of macroscopic and
histologic damage. Since the greatest therapeutic effect was noticed in the therapeutic set-
up (two weeks treatment), it is assumed that the efficacy of peruvioses improves with
longer periods of administration.

To investigate the mechanisms associated with the beneficial effect of sucrose esters from
P. peruviana, experiments were focused in molecular markers of epithelial integrity and
immunological response. Our results suggest that peruvioses significantly recovered the
integrity of the colon in colitic rats, as indicated by the increased expression of MUC-2 (the
primary constituent of the mucus layer in the colon), MUC-3 (a membrane-bound mucin),
and TFF-3 (a bioactive peptide related with adaptation during injury, mucosal defense, and
epithelial repair).[29-31] Accordingly, histological analysis with PAS staining, revealed
that test compounds produced a significant increment in goblet cells, the main cellular
source of MUC2 and TFF3. Goblet cells and their main secretory product, mucus, have
long been poorly appreciated; yet recent discoveries have placed these cells at the center of
mucosal homeostasis maintenance and representing a major cellular component of the
innate defense system.[32-34]
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A compromised mucosal barrier induces the translocation of microbial and food antigens’
leading to immune activation, but it is the lack of resolution with anti-inflammatory
mechanisms which starts and maintains the development of chronic intestinal
inflammation. Therefore, molecular markers associated with altered immune response in
IBD were assessed. It was found, that peruviose A and B from P. peruviana induced a
strong immunoregulation that ameliorated the inflammation in TNBS-treated rats either
acutely (preventive set-up) or in an established disease (therapeutic set-up). The preventive
administration of sucrose esters significantly reduced the expression of iNOS, COX-2,
TNF-a, and IL-10. Likewise, after two weeks of treatment, peruvioses were able to
diminish the elevated expression of iNOS, COX-2, TNF-a, and IL-10; along with IL-1f,
IL-6, and IL-17. Remarkably, all the genes modulated by peruvioses mixture are targets of
the transcription factor NF-kB (Figure 7.2). In accordance, western blot experiments
demonstrated the suppression of NF-«kB activation in the intestinal tissue of colitic rats
treated with test compounds. Thus, we propose that the immunomodulatory effects of
sucrose esters might result from inactivation of NF-xB signal pathway.
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Figure 7.2. Regulation of transcriptional response by NF-kB. Nuclear factor-kB (NF-kB) is a
central regulator of the transcriptional responses to a wide variety of physiological and
environmental stimuli. Signals ranging from pro-inflammatory cytokines to stresses including
reactive oxygen species (ROS), ultraviolet light and DNA double-strand breaks, to engagement
of antigen receptors lead to activation of NF-kB. NF-kB transcriptional programs induce a wide
variety of genes including survival factors, growth factors, cytokines, chemokines, numerous
core mediators of adaptive and innate immunity, as well as micro-RNAs.[35] In this figure a
limited number of targets related to inflammatory response are shown. The genes whose
expression was modulated by peruvioses mixture are highlighted in red. Text-mining data is
based on the Facta+ search of the keyword “NF-kB”. Results are indicated by the number of hits
found for each term; updated March, 2017.

Interestingly, iNOS, COX-2, TNF-a, and IL-10 appear as early molecular targets for
peruvioses bioactivity, since their down-regulation leads the intestinal anti-inflammatory
effect exerted by test compounds. It is important to remark that macrophages, key players
in the induction/maintenance of intestinal inflammation, are the main cellular source of
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these “early modulated” targets. In fact, the proportion of lamina propria macrophages is
increased in IBD patients, as well as their responsiveness to TLR4 and NF-kB
expression.[36-39] Additionally, activated macrophages promote the maintenance of Th17
cells (IFN+/IFN+IL17+, important source of IL-1p, IL-6 and IL-17).[40, 41] Thus, we
further evaluated the effect of sucrose esters from P. peruviana on LPS-induced RAW
264.7 cells, which allowed us to confirm the strong modulation of macrophage activation
with reduction of NO, PGE2, IL-6, TNF-a, and MCP-1 (Figure 7.3). This is consistent with
the down-regulation of the macrophage's microbicide ability associated with reduction of
pro-inflammatory cytokines levels (IL-6, TNF-a, and MCP-1) reported by [11], in murine
macrophages infected with L. panamensis and treated with a hydroalcoholic fraction from
P. peruviana calyces. Despite this evidence suggests a direct effect of peruvioses on
intestinal macrophages activation, it is necessary to determine whether the reduction of pro-
inflammatory mediators is a consequence of changes in phenotype and function of other
cell populations that polarize macrophages activation in vivo.

With regard to the molecular mechanism involved in the anti-inflammatory activity of
sucrose esters, little yet valuable information is available. First, Okabe et al reported that
synthetic disaccharide esters were able to reduce TNF-a expression in an activator protein
(AP)-1 dependent manner, without altering the nuclear translocation of NF-kB.[42] In
contrast, Li et al reported the inhibitory activity of NF-kB by sucrose esters isolated from
Astragalus membranaceus, which was correlated with a significant reduction of iNOS and
ICAM-1 mRNA expression.[43] In agreement with the latter report, our experimental
results indicates a strong modulation of pro-inflammatory enzymes (iNOS and COX-2),
cytokines (IL-1, IL-6, IL-10, IL-17, and TNF-a), and chemokines (MCP-1) due to
inhibition of NF-kB activation. Taken together, this doctoral thesis demonstrated that
sucrose esters, particularly peruvioses from P. peruviana, exert their bioactivity by
mechanisms which are beyond a simple enzymatic inhibition of COX-2 (PGE2) and iNOS
(NO), as suggested by some authors.

While all the experimental evidence obtained from this doctoral thesis provides compelling
evidence of the potential of sucrose esters from P. peruviana to treat IBD, it is obvious that
more information is required to guarantee their employment in clinical trials. Since the
evaluation of possible toxicological effects is mandatory, we evaluated the acute (24 hours)
and sub-chronic (28-day repeated-dose) toxicity. Besides the high abundance of sucrose
esters in the total extract of P. peruviana calyces, the results from acute toxicity
demonstrated that peruvioses A and B were not the components responsible for the toxicity
of total extract since their LDsy were remarkably similar (345.49 mg/Kg —Total extract Vs.
223.59 mg/Kg — Peruvioses). In fact, we found that toxicity signs were always milder when
employing sucrose esters.
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Figure 7.3 Model illustrating the molecular targets involved in the protective effect of
sucrose esters from Physalis peruviana L. The mixture of peruvioses A and B attenuates the
inflammation induced by TNBS by promoting the recovery of intestinal epithelium, with a
significant increase in the number and function of goblet cells, together with a strong
suppression of the activated immune response, reducing the expression of cytokines such as
TNF-a, IL-1B, IL-6, and IL17, pro-inflammatory mediators such as NO and PGE2, and
chemokines such as MCP-1; which results in ameliorating monocyte and neutrophil infiltration
(reduced MPO activity). The anti-inflammatory effect observed is independent of IL-10 and
probably is related to the inhibition of translocation of NF-kB. Macrophages are highlighted as
the main cellular population modulated by peruvioses mixture. Further studies are required to
clarify whether sucrose esters reduce pro-inflammatory mediators as a direct effect on
macrophages activation or as a consequence of changes in other cell populations at intestinal
level. Abbreviations: CD: Crohn’s disease; IP-10: IFN-y-inducible protein 10; MCP-1:
monocyte chemoattractant protein 1; MIG: monokine induced by interferon gamma; MIP-1:
macrophage inflammatory proteins o and ; MPO: myeloperoxidase; NF-kB: nuclear factor
kappa B; NO, nitric oxide; PGE2, prostaglandin E2; mucosal effector T cells (T helper 1 (Thl),
Th2 and Th17); TLR4: Toll like receptor-4; UC: ulcerative colitis. Red dotted arrows (green
box) show inhibition or down-regulation while the green dotted arrow (yellow box) shows up-
regulation. Proteins not affected by peruvioses or not studied are depicted in a white box.
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The sub-chronic toxicity was studied following the Guidelines for the Testing of Chemicals
from the Organization for Economic Cooperation and Development (OECD) and including
clinical signs; food consumption; body and organ weights; hematological and biochemical
parameters; macroscopic and microscopic examination of tissues; as toxicological end-
points (Figure 7.4). In this case, peruvioses were remarkably well tolerated in therapeutic
doses by test animals, with sporadic noxious response after ip administration and slightly
decreased alanine transaminase (ALT) levels as the only major side effects. Otherwise, no
differences were found between control and sucrose esters treated mice at macroscopic,
histological, biochemical or hematological level. Moreover, a combination of micronucleus
test and comet assay in peripheral blood cells, as well as Ames test showed that peruvioses
did not induce genotoxic effects. As a whole, these results confirm the safety of peruvioses
administration by parenteral route, at doses useful to treat inflammation.
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Figure 7.4 Schematic overview of the toxicological endpoints assessed to demonstrate the
safety of sucrose esters from P. peruviana. CD1 (ICR) mice (6-8 weeks) were treated with the
mixture of peruvioses A and B using therapeutic doses for a 28-days period. The safety of their
administration was demonstrated employing macroscopic (body/organs weight, food intake, and
Hippocratic test), histological, hematological, biochemical (serum and urine analysis), and
molecular parameters. In addition, no genotoxic effects were induced by peruvioses either in vivo
(micronucleus and comet assay) or in vitro (Ames test).
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7.1 Concluding Remarks

In brief, the development of this doctoral thesis provided compelling pre-clinical evidence
of the therapeutic potential of Physalis peruviana L. calyces to treat inflammation,
specifically at intestinal level. These promising results encourage the development of a
suitable pharmaceutical formulation that allows the clinical study of P. peruviana efficacy
in IBD patients. In order to support this conclusion, the core findings of this thesis are
summarized as follows:

e Two new sucrose esters named Peruvioses A and B were identified from the calyces of
P. peruviana. These compounds have a significant effect in a rodent model of
inflammation - A-carrageenan induced paw edema, mainly through down-regulation of
NO and PGE2 production.

e Total ethereal extract obtained from the calyces of P. peruviana significantly reduces
the intestinal inflammation induced by TNBS in rats. This activity might be related with
the reduction of the neutrophils migration into the colonic tissue and restoration of
intestinal mucus layer, as well as the decrease of TNF-a, IL-1 and NO levels, which
are considered crucial targets in IBD.

e The mixtures of peruvioses A and B, major bioactive compounds of the total extract of
P. peruviana, ameliorates the symptoms and progression of colitis in the TNBS-induced
model in rats, improving the epithelial recovery and modulating the cytokine unbalance
associated with colitis, probably through suppression of NF-«xB activation.

e Toxicological evaluation of peruvioses A and B from P. peruviana, revealed a lack of

deleterious effects in mice, in a 28-days period. This study provided evidence of the
safety of test compounds when administered by parenteral routes.
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7.2 Challenges and Future Perspectives

Although all the experimental evidence obtained from this doctoral thesis provides
compelling evidence of the potential of sucrose esters from P. peruviana to treat IBD, more
experimental information is required to move from bench to bedside, which is particularly
challenging when the molecule is obtained from a natural source. Apart from the
standardization of the isolation and chemical characterization of parental extract/fractions
(i.e., HPLC or 'H-NMR fingerprints) to guarantee consistency in bioactivity as well as a
proper availability of peruvioses to engage in a clinical trial, it is essential to understand the
mechanisms of sucrose esters biosynthesis in P. peruviana, to increase their potential for
further exploitation and commercialization.

Strictly from the pharmacological point of view, it is mandatory to overcome the limitations
related to the evidence presented in this thesis. First, we only demonstrated the efficacy of
peruvioses A and B to treat colonic inflammation in one animal model. Thus, the
bioactivity of test compounds should be determined in at least another model, preferably
non-chemical induced. In this context, research is restricted in Colombia since such mice
strains are not available nor can be imported at a reasonable price. Fortunately, a
collaborative effort with Dr. Gerhard Rogler (University Hospital Zurich) and Dr. Xuhang
Li (Johns Hopkins University) have allowed us the employment of C57BL6 mice to assess
the effect of peruvioses A and B in preventing, treating, and ameliorating the progression of
colitis in interleukin 10-negative (IL107") mice as well as mice treated with dextran sodium
sulphate (DSS). Moreover, experiments using human tissue from IBD patients are
necessary to provide some assurance of the effectiveness of peruvioses in clinic.

In addition, the pre-clinical evaluation of peruvioses will not be completed without the
establishment of their pharmacokinetic profile, namely their bioavailability, metabolism,
and elimination in both rodents and humans. Indeed, extremely well-designed
pharmacokinetic studies are mandatory to determine suitable dosage levels.
Complementarily, drug delivery of peruvioses also remains an important task to address
since oral administration is preferred to treat IBD but intraperitoneal injection was used in
all the experiments performed in this doctoral thesis. In this regard, systems such as
nanoparticle or hydrogel formulations as carriers for oral colonic targeted drug delivery for
peruvioses are interesting as valuable strategies to consider for future studies.

Another important approach that our research group intends to explore is the effectiveness
of sucrose esters to prevent/treat IBD when administered from dietary sources. Sucrose
esters might be present in the sticky coat from the surface of important food crops such as:
naranjilla/lulo (Solanum quitoense Lam.); tamarillo (Solanum betaceum Cav.), sweet
cucumber (Solanum muricatum Aiton); cocona/tupirum (Solanum sessiliflorum Dunal);

135



tomatoes (Solanum lycopersicum L.); eggplant (Solanum melongena L.); potato (Solanum
tuberosum L.) in addition to gooseberry (Physalis peruviana L.) or wild gooseberry
(Physalis angulata L.); which are eaten as raw fruits or cooked vegetables. At the moment,
we are working in the chemical characterization of P. angulata, as well on the assessment
of the bioactivity of the extracts of some of these fruits. More aspects are planned to be
explored since we consider food as an easily accessible, environmentally sustainable and
economically viable source of immunomodulatory compounds.

In conclusion, it is clear from the results of this doctoral thesis that peruvioses A and B
mixture is a promising preventive or therapeutic treatment for IBD. Nevertheless,
considerable work remains to be done before the remarkable potential of these molecules is
translated into a successfully clinical drug.
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Appendix 2. IR, FAB-MS, 'H-NMR, and “C-NMR (Dep90-Dep135)
spectra obtained for peruvioses A and B mixture.
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Figure Al. IR spectrum of the mixture of peruvioses A (1) and B (2).
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Figure A2. FAB mass spectrum of the mixture of peruvioses A (1) and B (2).
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Figure A3."H NMR spectrum of the mixture of peruviose A (1) and B (2) in CDCl; (500
MHz).
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Figure A4. BC NMR spectrum of the mixture of peruviose A (1) and B (2) in CDCl; (125
MHz)
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Appendix 3. Proof of Approval by the Ethics Committee of the University
of Cartagena
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Appendix 4. Histological Analysis

As described in Material and Methods, slides from colon, liver, and kidney from rodents
were coded, stained with Hematoxylin & Eosin, and evaluated in a blinded manner by a
pathologist. In the case of sections from spleen, heart, ovaries, and testes, the evaluation
was performed without a scoring system.

Table A1l. Scoring Criteria of Colon, Liver and Kidney Sections.

COLON*? LIVER" KIDNEY ®
Mucosa Inflammation and Edema
Ulceration Necrosis/Apoptosis
PMN infiltration Portal Space Interstitial inflammatory cell
Mononuclear cells . ) )
; . Mild Zone infiltration
infiltration .

Lobular Zone Tubulitis

Edema and dilation of
lacteals

Crypt: Mitotic activity
Crypt: Dilations

Crypt: Goblet cell depletion
Submucosa

PMN infiltration

Mononuclear cells
infiltration
Edema

Muscular
PMN infiltration

Mononuclear cells
infiltration
Serosa

Infiltration

Hepatocellular Damage
Ballooning degeneration
Vacuolization
Cholestasis
Regenerative Changes

Vascular Congestion

Neoplasia

Acute tubular necrosis
Distalization of Tubules
Fibrosis

Regenerative Changes

Vascular Congestion

a. Scoring scale: 0, none; 1, slight; 2, moderate; 3, severe; 4, extensive. Maximum score: 52

(Colon).

b. Scoring scale: 0, none; 1, slight; 2, moderate; 3, severe. Maximum score: 27 (Liver) and 24

(Kidney).
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A. Colon

+ Hepatocytes

S Sinusoidst

stained with hematoxylin & eosin (H&E). Representative pictures showing: (A) Normal colon
architecture that is formed by, from inside to outside, mucosa, a poorly developed muscularis
mucosae (MM), submucosa (SM), muscularis externa (M), and serosa (S). The mucosa of the large
intestine, comprising simple columnar epithelium (E) and a lamina propria (LP), forms deep
cavities, the crypts of Lieberkiihn (CL). The epithelium contains absorptive enterocytes with apical
microvilli and many oval, mucin producing goblet cells. (B) Normal liver architecture, and
components of basic liver lobules, with central vein (CV), sinusoids and sheets of hepatocytes in the
liver parenchyma. (C) Normal kidney cortex which displays numerous glomeruli and the
convoluted tubes (CoTu), as well as blood vessel (BlV). Original magnification 10X (colon, liver,
and kidney) and (40X, colon).
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Appendix 5. Real Time PCR Analysis

Table A2. Sequences of Primers used for Real-time PCR analysis with rat tissue.

S;;;Ill)eol GIe];le Official Name Primer sequences * ‘;;Izlsl(l;g;'
iNOS 24599  Nitric oxide synthase 2 E %ﬁg(éCA%TGC&GCi%TGA&ZAT%iATT 91
cox2 a1 e eTerocanoes P
F: ATGTGGAACTGGCAGAGGAG 197
TNF-a 24835  Tumor necrosis factor alpha E 22225:52;2:?25:;}:SGGTG -
R: AAGGAAGGAAGGAAGGGAGG
L1p o et LoSOCTONCNS o
L6 24498 [Interleukin 6 R TTGOATGGTCTIGGTCOITAGE 19
0 s nonin 1 Tovnmen
IL-17A 301289 Interleukin 17A N TG?A%%%TACTE%%%%CSCC:/GTS&AA 245
MUC-2 24572 Mucin2 R TGTIGCCAAACAGGTGGTAA 102
UGS o750 e Ty w
TFF3 25563  Trefoil factor 3 f{:: ?gi};%{j?ggﬁégggﬁégﬁTAT 135
NF-«B 309165 Nuclear Factor-kappa B f{:: ég%&%%%%i‘;‘?gggégigg 100
s Wi VSS9
GAPDH 24383 Glyceraldehyde-3- F: GCTGGTCATCAACGGGAAA 105

phosphate dehydrogenase

R: ACGCCAGTAGACTCCACGACA

*F: Forward (5°—3’); R: Reverse (5°—3").
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Table A3. Sequences of Primers used for Real-time PCR analysis with mouse tissue.

Gene  Gene . . Amplicon
Official Name Primer sequences * mp
Symbol ID Size (pb)
: F: GGAGCAACTGGTGGATGGTT
Cd36 12491  CD36 antigen R: CTACGTGGCCCGGTTCTAAT 145
: F: TCCACCTTTAAGTTGCCCTG
Fasn 14104  Fatty acid synthase R: TCTGCTCTCGTCATGTCACC 185
: 2o F: TGCCGCTGTTTTGTTTTACC
Lpl 16956  Lipoprotein lipase R: TCACAGTTTCTGCTCCCAGC 164
p 15015 Peroxisome proliferator F: GGGTACCACTACGGAGTTCACG 160
para activated receptor alpha R: CAGACAGGCACTTGTGAAAACG
Scdl 20249 Stearoyl-Coenzyme A F: TTCTTGCGATACACTCTGGTGC 98
¢ desaturase 1 R: CGGGATTGAATGTTCTTGTCGT
Srebfl 20787 Sterol regulatory element F: CAAGGCCATCGACTACATCCG 61
binding transcription factor 1 ~R: CACCACTTCGGGTTTCATGC
Gapdh 14433 Glyceraldehyde-3-phosphate  F: CATGGCCTTCCGTGTTCCT 378

dehydrogenase

R: AGTTGGGATAGGGCCTCTCTTG

“F: Forward (5°—3”); R: Reverse (5°—3’). ° Tm: Melting Temperature.
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