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Peruviose D
Inhibition of a-amylase = 84.8%.
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Abstract

The fruit of Physalis peruviana is widely used in traditional Colombian medicine an antidiabetic treatment. The aim of the
study reported here was to identify the compourdpansible for the hypoglycemic activity using thamylase inhibition test.
Bioguided fractionation of a dichloromethane extra€ the sticky exudate that covers the fruit akowthe isolation and
identification of three new sucrose esters, nansgueauvioses C—EL{3), along with the known peruvioses 8)(B (5) and F §),

the structures of which were elucidated by extendiR and MS experiments. These compounds provée tesponsible for
the hypoglycemic activity observed in the extr&aruviose DZ) showed the highest activity, with an inhibitowtigity value of
84.8%. This is the first study to establish theeptil of sucrose esters asamylase inhibitors and to explain the hypoglycemic

effect that has traditionally been attributed toggberry fruit.

Keywords: Physalis peruviana, Cape gooseberry, Sucrose esters, Peruviosespdglycemic activityp-amylase inhibitory

activity.



1. Introduction

Physalis peruviana is a Solanaceae plant that grows in the Andes Mdnsifrom Bolivia to Venezuela at altitudes betw&@00
and 2900 m. Its edible fruit, which is known as egwoseberry or ‘uchuva’, is well known for itsvitet and for its uses in the
prevention and treatment of diabetes and ptergdieng with its use as a diuretic, anti-helmintlaing expectorant, amongst other
applications [1]. This wide range of uses has eraged various studies on the pharmacological ptiegeof different parts of
the plant and these have shown antioxidant, afiirmmatory, diuretic, antispasmodic, anti-asthmatanti-lithiasic,
immunosuppressive, and antipyretic activities [2/@ti-inflammatory activity, as assessed by eaered and plantar edema
models in mice [1,4-6], along with larvicidal adétyw[7] were reported for calyces crude ethanolitract and also for some of its
fractions. Studies on the anti-inflammatory actiwif extracts and fractions &% peruviana calyces suggest that the compounds
responsible for this activity are sucrose este}sTbese types of sugars bear short-chain fatiysaand they are commonly found
in other species of these genera such. asgulate [8], andP. philadelphica [8,9], among other species. In addition to thistyb
compounds, other studies highlighted the preseheétbanolides [7,10-13], alkaloids, esters, flagafs , vitamins, glycosidic

flavor precursors and steroids.

As part of our ongoing research on the hypoglyceaaitvity of functional foods, we decided to stullgysalis peruviana as a

source of compounds that may exert such activityvokldwide increase in the incidence and prevalesfagype 2 diabetes has
occurred in recent decades, and a variety of tiheectly available antidiabetic drugs are known ¢b lay at least one of three
different mechanisms: (i) drugs that stimulate limssecretion such as glibenclamide; (ii) drugst tthecrease insulin sensitivity
such as metformin; and (iii) drugs that reduceghieose absorption such as acarbose, which is btiee dew drugs that act by
this mechanism. Therefore, the discovery of newgsirwith this last mechanism has been the focugsaént studies. Several
substances isolated from plants show hypoglycenticity and the main mode of action is to inhiliitéstinal carbohydrases such

asa-amylase andi-glucosidase [14,15].

Two independent studies in the literature haveliggted the antidiabetic properties of extractsifi®. peruviana fruits collected

in India and Colombia. Sathyadevi et al. reportedt the oral administration of ethanolic extraatsnf P. peruviana fruits
collected in India improved insulin sensitivity aadheliorated hyperglycemia in high-fat diet/low dagtreptozotocin-induced
type 2 diabetic rats [16]. A qualitative analysidhis extract was performed by the same authodstlais revealed the presence of
phenols, flavonoids, glycosides, sterols, saportarmins, lactones and alkaloids. Moreover, thé futract was also found to
contain significant amounts of phenolic compoundd #iavonoids, such as rutin, myricetin, quercetimd kaempferol [17]. The

same authors reported that the major flavonoidsgmtein the fruit extracts proved to be aldose c&ie inhibitors in molecular



docking studies approach against that receptod 816It was reported that the oral administratiérPoperuviana extracts from
fruits collected in Colombia, reduced blood glucteseels in rats in which diabetes had been induxyed single administration of
streptozotocin [19]. In a later study, it was fouhdt the ethanolic extract Bf peruviana fruits showed competitive inhibition on
a-glucosidase and on the non-competitive type-amylase, suggesting that inhibition of intestioatbohydrases is one of the
modes of action by which the fruits 8f peruviana exert hypoglycemic and antidiabetic activity [18Jore recently, a dry
powder formulation from standardized extracts &f fituit was reported to have hypoglycemic actiy#9]. However, the studies

outlined above did not address the identities efdbmpounds responsible for the activity observed.

In order to identify the compounds responsible tfa hypoglycemic activity, we studied the orgamxtracts from the sticky
exudate that covers the fruit by carrying out a-dricded fractionation using am-amylase inhibition test model [15]. These
enzymes (carbohydrases) are present in the irdbstifi and they are necessary for polysacchadiigestion because they
participate in the cleavage of these compoundsiie monosaccharides (glucose, fructose, galactddm)s, inhibition of the
enzymes is one of the different possible mechanisinastidiabetic drugs because such inhibition sl@arbohydrate absorption
and decreases postprandial blood glucose levet®tim normal and diabetic subjects [14]. We deschibee the isolation and
structural elucidation of several sugar esters Hrat responsible for the effects Bf peruviana fruit on sugars levels. The

biological evaluation of these compounds allowetbusstablish some structure-activity relationships

2. Results and discussion

The a-amylase activity test conducted on the ethanotitaets fromP. peruviana fruit showed an inhibitory activity (1A) of
68.3%, which is similar to that determined for &dome used as a positive control (IA 77.4%). Thesellts, along with the
reported antidiabetic properties, indicate thas fhiit has great potential as a source of compsuwith hypoglycemic activity.
The sticky exudate was first extracted by direcnnsion of the fruits in C}Cl, to give the DF extract, followed by MeOH
extraction of the fruit (MF), and finally, the reming fruit were dried, homogenized and extractathviEtOH to afford the
ethanolic extract (EF). The-amylase inhibition bioassay on the three extratttaved us to locate the activity in the DF extract

with an 1A value of 77.4% (Figure 1), while the ettevaluated extracts where less active.
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Figure 1.In vitro inhibition of a-amylasefor the DF extract and its major components, perses A—F, displayed from higher to
lower inhibitory activity. CHCI, extract (DF), peruviose @), peruviose DZ), peruviose EJ), peruviose F4), peruviose BY),
peruviose A §) and acarbose as a positive contAdl.compounds were tested at 640/mL. Results are expressed as mgan

S.D.

The bioguided fractionation of the DF extract usisgveral chromatographic technigues, allowed usigbkation of six
compoundsX-6). The structures of these compounds were eluddateanalysis of their 1D and 2D NMR data and nspesctra

and by basic hydrolysis and comparison of the petedwith authentic standards (Figure 2. Suppoitifgrmation Sl 2 — S| 21).



Peruviose C (1)

Peruviose D (2)

Peruviose B (5)

Peruviose E (3)

Peruviose F (4)

Peruviose A (6)

Figure 2. Sucrose esters isolated fréthysalis peruviana fruits

Compoundl (12 mg) was isolated as a colorless viscous ligliee molecular formula df was determined as;§Hs¢O:5
on the basis of its (+)-HRESIMS, which shows thefN\a] ion peak atr/z 715.3511, (calcd for SHsc015Na, 715.3511A 0.0
ppm) and the NMR data. The presence of a disaaisharicrose structure inwas suggested by thel-NMR spectrum in CDGI

(Table 1), which contained eight oxymethine pradamals aby 5.59, 5.46, 5.21, 4.95, 4.91, 4.52, 4.15 and &aRikg with three



oxymethylene signals &, 3.88 /3.72, 3.55 and 3.59 /3.46. The NMR carbgnals atéc 103.84, 89.41, 82.61, 79.11, 72.03,
71.32, 70.10, 69.05, 68.29, 64.62, 61.55 and 58t¥krved in thé*C-NMR spectrum ofl, which were correlated to their
corresponding protons signals by an HSQC experimedtlinked by @H-'H COSY experiment, confirmed the existence of a
sucrose structure. The signals of four ester catbmarbons observed in tH&C-NMR spectrum ofl atdc 177.80, 175.96, 175.71
and 172.87 suggested the presence of four acytisidrgs. Thus, the presence of two isobutanoyligsanl was deduced from
the proton and carbon NMR methine signal$)a.51 b- 33.92 anddy 2.45 b 33.88, which were connected by a COSY
experiment to four methyl protons & 1.13, 1.11, 1.08 and 1.06./18.67—19.07. The methylene proton signad.a.39 5¢
43.13, which correlates by COSY to the methinegratignal ab, 2.206¢ 25.84 and this is in turn to two methyl proton s
atoy 1.05 and 1.03, is indicative of a 3-methylbutanmgiety. HMBC correlations between the methylenetqr signals abdy
2.39 and methyl carbon at 25.84, between the methyl protonsdat1.05 and 1.03 and carbonsdat43.13 and 25.84, and
between the methine proton &f 2.20 and methylene carbon & 43.13 allowed us to confirm the presence of the 3-
methylbutanoyl subunit. Finally, methylene NMR sitg) betweernyy 2.25 and 1.25¢ 33.86-22.58 in combination with a
terminal methyl group af, 0.875¢ 14.03, were indicative of an alkyl chain of a sated fatty acid irl. An HMBC experiment
allowed us to connect each acyl group to the secstsicture by the key long-range correlations shimwTable 1 [5,21].

All of the above data are similar to those of pése B ) [5], which was also isolated in this study and sucrose ester
bearing a & fatty acid at position C2 in the glucose moietyptisobutanoyl groups at C3 and C4 and one 3-miatighoyl
group at C3' in the fructose moiety. The differemfe28 mass units between the molecular weightashmoundl (m/'z 715
observed for the [M + H]ion peak in the ESIMS) and the reported valuepfnuviose B %, mz 743 reported for [M + N4Jion
peak in the FABMS), are indicative of the lackwbtmethylene groups ih This finding allowed us to determine the presesfce
an octanoyl group attached to C2limather than the decanoyl subunit in peruviosé&)B Thus, the structure of compoudd

named as peruviose C, was established as is pedserfigure 2.



Peruviose C (1)

Peruviose D (2)

Peruviose E (3)

Peruviose F (4)

Position e, type B, m, (in Hz) HMBC 3¢, type B4, m, (in Hz) HMBC 3¢, type 3, ’;"Z)(J in HMBC 3¢, type 5i“n' mi)@ HMBC
Glucose unit
1 89.41, CH 559, d, (3.6) 5.2 89.47, CH 5.47307) 52 89.40, CH 559,d, (3.7) 5.2 89.834 560, d, (3.3) 5.2
2 70.10, CH 491,m 31" 70.16, CH 491, m 31" 70.06, CH 492,m 3,17 70.03, CH 492,m 31"
3 69.05, CH 5.46,1, (9.9) 2,417 69.08, CH 6.4, (10.0) 2,4,1" 69.02, CH 5.47,1, (10.0) 21 68.98, CH 547,1,(9.9) 2,4,1"
4 68.29, CH 4.95,1,(9.9) 3,5,6,1™ 68.34, CH 4.95,1,(10.0) 3,5,6,1" 68.25, CH 4.95(10.0) 3,5,6,1™ 68.24, CH 495,1,(9.9) 3,6,1"
5 72.03,CH 415, m 72.02,CH 4.14, m 72.18,CH 415, m 72.04,CH 415 m
6 61.55, CH 355,m 6156, CH 358,m 61.60, CH 358,m 61.50, CH 360,m
Fructose unit
ra 64.62, CH 359,m 6455, CH 357,m 64.69, CH 358, d,(12.5) 64.54, GH 358, d, (13.0)
1b 346,m 347, m 346, d, (12.5) 3.4608.0)
2 103.84,C 103.94, C - 10381, C - 10382, C -
3 79.11, CH 5.21,d, (8.1) ra 79218 522,d,(8.1) a1 79.12, CH 518, d8.2) a1 79.05, CH 5.20,d, (7.9) 1,41
@ 71.32, CH 452,1,(8.1) 3,56 71.28, CH 55,1, (8.1) 35,6 7119, CH 4591, (8.2) 5,6 71.30, CH 452,1,(7.9) 3,5,6
5 82.61, CH 395,m @ 82.61, CH 391,m @ 82,654 393,m @ 82.54, CH 392,m It
6a 59.90, CH 388,m @ 50.88, CH 3.73,m s 59.73, CH 389,m @ 59.92, CH 389,m @
&b 3.72,brd, (13.4) 370,m 3.73,brd, (12.3) 3.75,m
Substituent at C2
17 17287,C - 172.88, C - 172.78,C - 17287, -
2 33.86, CH 225,m 3 33.93, CHi 2.25,m 3 34.05, CH 225,m 3 33.83, CHl 225,m 3
3" 24.54,CH 153, m 2" 2457, CH 1.56, m 2" 24.57,CH 154, m 2" 24.54, CH 154, m 2"
4 29.14, CH 1.24,brs 2057, GHF 1.24,brs 20.08, CH* 1.25,brs 28.85, CH 1.25,brs
5 29'°C5H}39'°1' 1.24,brs 2957, Gt 1.24,brs 2022, Chi* 125, brs 29.00, CH 1.25, brs
6" 31.75,CH 1.24,brs 20.39 , G# 1.24,brs 2031, CH* 125, brs 3156, CH 1.25, brs
7" 2258, CH 1.24,brs 20.30 , G 1.24,brs 2039, CH* 125, brs 2256, CH 1.25, brs
8" 14.03, CH 086, 1, (6.8) 6", 7" 20.21, Ch* 1.24,brs 2058, CH* 125, brs 14.04, CH 087,1,(6.7) 6", 7"
9 20.09, CH* 1.24,brs 29,69, CHi* 125, brs
10" 31.88,CH 1.24,brs 31.89, GH 125, brs
1" 2266, CH 1.24,brs 22.66, GH 125, brs
12 1407, CH 087,1,(7.0) 6", 7" 14.08, CH 088,1, (6.8) 10", 11"




Substituent at C3

1 175.71,C - 174.05 - 175.73,C - 175.76,C -
2" 33.88, CH 2.45,5p, (7.0) 33.87 2.45, spo7 33.89, CH 245, 5p, (7.0) 33.87,CH 2.45(3m)
3"a 18.67-19.07, Cig* 1.084, (7.0) 2 2 18.88-18.75, CH 1.08d, (7.0) 18.71-19.06,GH 107, d, (7.0) 2" 18'%6,_"31*9'08' 1.07,d, (7.0) 2
3"b 18.67-19.07, CH* 1.06d, (7.0) 2 2 18.88-18.75, CH 1074, (7.0) 1871-19.06,GH 108, d, (7.0) 2" 18'%6};31*9'08' 1.08, d, (7.0) 2"
Substituent at C4
1 175.96,C - 175.63,C - 175.98,C - 176,@ -
2 33.92, CH 251,5p (7.0) 3™ 33.89, CH 252p, (7.0) 3™ 33.93, CH 251, sp, (7.0) 3™ B90, CH 251, sp, (7.0) 3™
3"a  18.67-19.07, CH* 1.13,d(7.0) 2 18.88-18.75, Chi 113, d, (7.0) 2 18.71-19.06,CH  1.4,d, (7.0) 2m 18'%6,_"31*9'08' 114, d, (7.0) 2
3"b  18.67-19.07, CH* 111, d, (7.0) 2 18.88-18.75, CH 1114, (7.0) 2 1871-19.06,CH  1.05,d, (7.0) 2 18'%6};31*9'08' 1,06, d, (7.0) 2
Substituent at C3’
1 177.80,C - 176.06,C 177.93,C - 1778 -
20 43.13, CH, 239, dd, (12.8, 6.7) & 4315, ¢H 2'40'7"_8' (@ao, 4a 34.02, CH 275, sp, (7.0) g 33.99, CH 7B, sp, (7.0) 3
3 25.84, CH 220, m 2 25,87, CH 219, m 2
3" 18.71-19.06,CH  1.33,d, (7.0) 2 18‘%6};31*9'08' 1.32,d, (7.0) 2
3™ 1871-19.06,CH 129, (7.0) 2 18‘%6};31*9'08' 1.29,d, (7.0) 2
4ma 22.54, CH, 105, d, (6.5) 22.30,CH 1.06, d, (6.4) S
4" 24,54, CH, 1.03, d, (6.5) 22.42,CH 1.04,d, (6.4) 243a

*The multiplicity could not be determin
** Signals may be interchanged

Table 1. NMR-'H data (CDGJ, 400 MHz) for Compound to compound! (Peruvioses C-F).



Compound? (7 mg) was isolated as a colorless viscous liglifite molecular formula d? was established as15,0;5
by the [M + NaJ sodium adduct ion observed in the (+)-HRESIM®&at771.4156 (cald for §He,O1sNa, 771.4137A 1.9 ppm)
and the NMR data. Th#d-NMR and**C-NMR (Table 1) spectra along with 2D NMR experinse(COSY, HSQC and HMBC)
of 2 are consistent with a sucrose ester structurertgewo isobutanoyl groups at C3 and C4, one 3-gilethanoyl group at C3'
and a fatty acid chain at C2. The NMR dataZavere very similar to those of peruviose IJ énd peruviose B5}, only differing
in the length of the fatty acid chain attached #o The difference of 56 mass units between the cotde weight of compounds
and2, indicating the presence of four additional megmg groups, allowed us to establish presence oflacénoyl group bonded
to C2 in2 rather than the octanoyl subunit in peruviosellC Thus, the structure of compouBdnamed as peruviose D, was
established and is presented in Figure 2.

Compound3 (4 mg) was isolated as a colorless viscous liquitth molecular formula gHe,0O;5, as evidenced by (+)-
HRESIMS atm/z 757.3982 (calcd for £gHg,015Na, 757.3981A 0.1 ppm). Once again, the presence of a sucrosetiste in3
was suggested by itsl-NMR spectrum (Table 1), with eight oxymethinersits aty 5.59, 5.47, 5.18; 4.95, 4.92, 4.59, 4.15 and
3.93 along with three oxymethylenesiat3.89 /3.73, 3.58 and 3.58 /3.46. This was cordidrhy the presence of two anomeric
carbons §: 103.81 and 89.40), seven oxymethinédg 82.55, 79.12, 72.18, 71.19, 70.06, 69.02 and 68t three
oxymethylenes§; 64.69, 61.60 and 59.73) in th&c-NMR spectrum (Table 1). Similarly, the presentéoar acyl substituents
in 3 was suggested by the four characteristic estéoogt carbons afc 177.81, 176.00, 175.76 and 172.87 observed if’te
NMR spectrum of3 (Table 1). However, the proton and carbon NMR déita show the presence of three methine NMR signals
at oy 2.756¢ 34.02,8y 2.51b¢ 33.93 andby 2.456¢ 33.89, which correlated by COSY to the correspogdnethyl groups aiy
1.33, 1.29, 1.14, 1.08, 1.07, 1.0% 19.06-18.71, thus indicating the presence of tiseleutanoyl groups i instead of two
isobutanoyl and one 3-methylbutanoyl subunits a& and2. The presence of a fatty acid group was also datifiom the
methylene signals betweép 2.25 and 1.27 and the terminal methy$,a0.88. The NMR chemical shifts 8fare very similar to
those of peruviose A6], a sucrose ester previously isolated fi@rperuviana calyces [5] and also isolated in this study

This compound is characterized by a long-chairy fatid (Go) bonded to position C2 and three isobutanoyl gsoaip
positions C3, C4 and C3' of the sucrose moietyuiiei®). Analysis of the 2D NMR spectra 3fincluding COSY, HSQC and
HMBC (Table 1), allowed us to assign unambiguouslyst of the signals for compourdd The difference of 28 mass units
between the molecular weight 8f(its (+)-LRESIMS shows an [M + Hlion peak at/z 757) in regard to that of peruviose A
(reportedm/z 729) indicated the presence of dodecanoic acidddmat position C2. The 12 carbon signals assigmedrbons C-

1" to C-12" (Table 1) of the fatty acid confirmétht proposal. Thus, the structure3phamed as peruviose E, was established and
is presented in Figure 2.

Compound4 (9 mg) was isolated as a colorless viscous ligliite molecular formula of was determined as;&5,0:5

10



on the basis of its HRFABMS, which shows the [M a]Non peak atwz 701.3375 (calculated fors@s,0:sNa, 701.3355A 2.0
ppm), and its NMR data. THéil- and**C-NMR spectra in combination with COSY, HSQC and BiMexperiments o (Table
1) showed the signals of eight oxymethine and tlwgenethylenes that are characteristic of anotberase ester, along with
three septets that are indicative of three isolmytlagroups aby 2.756¢ 33.99, 2.5 33.90 andy 2.456¢ 33.87 and the typical
methylene signals corresponding to a fatty acidumitbAll of these NMR signals were very similartttose of peruviose E3)
and only differ in the long-chain fatty acid thatrhs the ester on the hydroxyl group at C2 of thease unit. The presence of a
Cg fatty acid in4 was proposed from the eight carbon signals.dlt72.87, 33.83, 24.54, 28.85, 29.00, 31.56, 22.55 1ah04
observed in th&’C-NMR spectrum and from the molecular formulaH,O,s. Thus, the structure of peruviose4s is proposed
as shown in Figure 2. Although the structure of tthmpound was recently included in an Internati®aent related to B.
peruviana extract comprising sucrose esters as the actieetador use in a cosmetic application, the NMR aneds spectral data
for 4 are here reported for the first time [22].

Peruviose Bg, 42 mg) and peruviose %,(44 mg) were also isolated from the DF extractidedtified by comparison of
their *H- and*C-NMR data with those reported by Franco et ahirfra mixture of these compounds from the same [fnt
Thus, this is the first time that peruviose &) @nd peruviose B5) have been isolated as pure compounds. For thaluabs
configuration of the sucrose moiety, the basic biyais of 14 was performed. The work up of the reaction gavesaue that

showed an optical rotation valuelf = +52.7) that is similar to the one reported fatandard of sucroseu]p = +66).

Once compoundd—-6 had been fully characterized, they were testedh@na-amylase inhibition assay. The results
obtained (Figure 1), were very similar to thoseagi®d for the DF extract. Peruvioses2) &nd B £) gave IA values of 84.8%
and 78.2%, respectively, and they were the mosteacompounds followed by peruvioses &, (C (1), A (6) and F §). These
results highlight the importance of the lengthtu fatty acid chain at C2 of the glucose and tlesgmice of an isobutanoyl group
at C3 of the fructose subunit feramylase inhibition. Thus, an increase in the lengt the fatty acid results in increased
inhibition. Indeed, for compounds bearing one 3hyktutanoyl and two isobutanoyl units, the inhibitiactivity (I1A) values
increase from an IA < 50% for peruviose4}, (which has a gfatty acid, to an IA of 78% for peruviose B)(which has a g,
and to an IA of 84% for peruviose 2)(with a G, fatty acid. A similar increase was found for compds bearing three
isobutanoyl units: peruviose B,(Cs, < 50%) < peruviose A6( C,o, 53%) < peruviose B3( C,,, 61%). Those compounds bearing
the same fatty acid chain but with one 3-methylbayhand two isobutanoyl units, peruviosesd), 8 (5) and C (), were more

active than those having three isobutanoyl unigsuioses E3), A (6) and F §), respectively).

Thus, peruvioses A to F are described here as #yfafmsucrose esters characterized by the presehee isobutanoyl

group at C4 in the sucrose moiety. This class afpmunds has been described in ofPleysalis species such &s philadel phica
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Lam. P. angulate [8,9], as well as in other exudates commonly olegrin Solanaceae such as those from the genera
Lycopersicon, Nicotiana, Petunia, and Solanum [23,24]. Besides the fruitshese sucrose esters are also present in therreho
and they are believed to protect plants and fifuit insects and fungi. Moreover, this type of campd is responsible for the
anti-inflammatory activity found in the extractstbese species [9]. As in other species, thes@sa@sters are considered to be

the main material in the exudates obtained mamthé DF fraction.

3. Conclusion

In conclusion, bioguided fractionation of a dicldorethane extract d®. peruviana fruit, which showed a considerable
inhibitory effect on thea-amylase enzyme, allowed us to obtain a fractiothva high sucrose ester content. Subsequent
separation of that mixture afforded three new sseresters, named as peruvioses CHB)( along with three known esters,
namely peruvioses A6), B (5) and F §). The results otramylase enzyme inhibition assays showed that pEsiges D 2) and
B (5) are the most active. The structure-activity iefahips of the isolated compounds highlightedithportance of the fatty
acid length at C2 and the presence of a 3-metlpdismyl at C3' on the sucrose ester skeleton. Afthgeruvioses A6) and B
(5) were previously reported as a mixture, this is finst time that they have been isolated as porepounds. Moreover, the
NMR and MS spectroscopic data are reported fofithetime for peruviose F4). This work constitutes the first study in which
the potential of sucrose estersaglucosidase inhibitors has been described andythediycemic effect that has been attributed
to gooseberry fruit has been explained. Studiestlfier evaluation of hypoglycaemic activity in micee eongoing in our

laboratories.

4. Experimental section

4.1. General ExperimentalProcedures.

'H- and**C-NMR (1D and 2D) spectra were recorded on a Brlsemce 400 spectrometer (400 MHz bt and 100 MHz for
13C) using CDC]J as a solvent and residual solvent signals asniakestandardsHigh-resolution mass data were collected on an
Applied Biosystems QSTAR Elite hybrid quadrupolené&tof-Flight (TOF) mass spectrometer, ESI positmede. Column
chromatography (CC) was carried out under vacuumgusilica gel 60 G Merck and flash chromatograplgs carried out on
silica gel 60 (230—-400 mesh, Macherey-Nagel). @ptiotations were measured on a Polartronic E, 8itthm Haensch
polarimeter. HPLC-PDA was carried out with a PeiEimer LC 480 system equipped with an AD224 coterph Perkin-Elmer

series 410 LC pump and a LC-480 auto scan diodey atetector. HPLC-ELSD was performed on a ThermanBx ultimate
12



3000 system, coupled to an ELSD Sedex 85 detedthrangain of 10 for the ELSD detector and a terapee of 40 °C for the

analysis. A TECAN GENIOS spectrophotometer was tsedudy thex-amylase inhibition activity.

4.2 Plant Material. Physalis peruviana fruit (uchuva or cape gooseberry) was purchaseddommercial culture located at Subia
in the state of Cundinamarca (Colombia). A voucsecimen of the plant was identified and deposi@0L-574701) at the

Herbario Nacional Colombiano of the Universidad idaal de Colombia at Bogota (Colombia).

4.3. Extraction and Isolation. The entire mass of fruit (5000 g) Bhysalis peruviana was immersed in C}I, for 5 minutes to

obtain, after filtration and evaporation of solvemider vacuum, the dichloromethane extract (DF g The fruit containing the
CH,Cl, insoluble material was immersed in MeOH for 5 nb@suto give, after evaporation under vacuum, ththamelic extract

(MF, 6.7 g). After these extractions, the remainfingt matter was ground, dried in an air oven &meh extracted with EtOH to
yield, after removal of the solvent, the ethanektract (EF, 283.7 g). All of the extracts werelaagedin vitro for hypoglycemic

activity using then-amylase inhibition test.

The most active extract, DF, was fractionated Htigasigel column chromatography and eluted underaaignt using
hexane (100%), Hex-EtOAc (80:20, v/v), Hex-EtOA®:&D, v/v), Hex-EtOAc (20:80, v/v), EtOAc (100%)t@Ac-MeOH
(90:10, v/v), EtOAc-MeOH (50:50, v/v), MeOH (100%hd MeOH-HO (90:10, v/v). Fractions of 125 mL were collected
obtain 16 fractions (DF1 to DF16). Tl vitro a-amylase inhibition bioassay showed that DF8 wasrttost active fraction.
Fraction DF8 (676.3 mg) was separated by HPLC-PDA @emi-preparative Zorbax Eclipse XDB C18 colu@B0 mm x 9.4
mm, 5um) using a mobile phase consisting of a gradiet,f-MeOH mixtures: (30:70, v/v) for 5 min, (0:100yyfor 20 min,
(0:100, v/v) for 10 min and (30:70, v/v) for 5 nam a flow rate of 2 mL/min. Fractions were collet&very 5 min to give eight
sub-fractions (DF8-1 to DF8-8). Fraction DF8-6 (30@), which showed the highestamylase inhibition activity, was further
fractionated by HPLC-ELSD on a Zorbax Eclipse XDB3@&olumn (250 mm x 9.4 mm, #n) using a mobile phase consisting of
a gradient of HO-MeOH mixtures: (10:90, v/v) for 30 min, (0:100y)Vfor 15 min and finally, (10:90, v/v) for 5 miat a flow of

1.5 mL/min, to yield compounds(12 mg),2 (7 mg),3 (4 mg),4 (9 mg),5 (42 mg) and (44 mg).

4.4. Basic hydrolysis of compounds 1 to. £ompoundd—4 (2 mg each) were separately heated under reflax5% methanolic
KOH solution (10 mL) for 1 h. The basic solutionsa@oled, neutralized carefully with 2 N HCI antutiéd with water (10 mL).
The resulting solution was extracted with@t3 x 10 mL) to give, in the aqueous fraction mffeaporation under vacuum, an
amorphous powder. The solid was treated under atdratetylation conditions (A©/pyridine, overnight) and the peracetylated

product was analysed by NMR spectroscdpyNMR (400 MHz, CDCJ) & 5.71 (1H, dJ = 8.3 Hz, anomeric), 5.47 (1H,X=
13



9.9 Hz, -CHOH), 5.36 (1H, d,= 5.7 Hz, -CHOH), 5.24 (1H, dd,= 20.2, 10.7 Hz, CHOH), 4.95 (1H, @= 5.4 Hz, -CHOH),
4.61 (1H, dJ = 11.2 Hz, ~CHOH), 4.21 (1H, m, ~CH), 3.87 (1H, s, —CH), 3.84 (HHJ = 9.7 Hz, —-CHOH), 3.72 (1H, d,=

13.3 Hz, —CHOH), 3.64 (2H, m, —GAH), 3.55 (1H, dJ = 12.0 Hz, —CHOH), 3.49 (1H, d,= 9.0 Hz, -CHOH), 1.9-2.2
(overlapped singlets, AcO). These NMR data matthede of a sucrose standard and the NMR data esp@t sucrose in the

literature [25,26,23,24]

4.5. a-Amylase inhibition assay.All of the extracts, fractions and compounti$s were evaluated fow-amylase inhibition
activity according to the methodology describedHpnsawasdi-Kawabata [27] and modified by us [15]ef/, 200 pL of
insoluble corn starch covalently linked with RemlaBailliant Blue [28] (10 mg/mL) were boiled for Ein with subsequent
addition of 100 pL of Tris-HCI buffer (0.05 M, pH®with calcium chloride 0.01 M), 100 pL of porcipancreatica-amylase
(PPA, 2.1 IU/mL) and 200 uL of the extract, fraotior pure compounds @?. peruviana or acarbose (positive control) at a
concentration of 64Qg/mL. After incubation at 37 °C for 1 h, the absammbe was measured at 595 nm using a TECAN GENIOS

spectrophotometer.
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Peruviose C (1)

Peruviose D (2)

Peruviose E (3)

Peruviose F (4)

Position ¢, type &y, m, @inHz) HMBC dc, type dn, m, @ in Hz) HMBC dc, type 8y, m, @in Hz) HMBC dc, type B, E’Z)(‘] in HMBC
Glucose unit
1 89.41, CH 559, d, (3.6) 5,2 89.47, CH 5.473d7) 5,2 89.40, CH 5.59,d, 3.7) 5,2 89.884 5.60, d, (3.3) 5,2
2 70.10,CH 491, m 3,1 70.16, CH 491, m 3,1 70.06, CH 4.92, m 3,1 70.03, CH 492, m 3,1
3 69.05, CH 5.46,t, (9.9) 2,4,1" 69.08, CH 6,4, (10.0) 2,4,1" 69.02, CH 5.47,1, (10.0) 21" 68.98, CH 5.47,1,(9.9) 2,4,1"
4 68.29, CH 4.95,1,(9.9) 3,5,6,1™ 68.34, CH 495, 1, (10.0) 3,5,6,1™ 68.25, CH 4.95(10.0) 3,5,6,1™ 68.24, CH 4.95,1,(9.9) 3,6, 1"
5 72.03,CH 415, m 72.02,CH 414, m 72.18,CH 415, m 72.04,CH 415, m
6 61.55, CH 355, m 61.56, CH 358, m 61.60, CH 3.58, m 61.50, CH 3.60, m
Fructose unit
la 64.62, CH 359, m 64.55, CH 357, m 64.69, CH 358,d, (12.5) 64.54, GH 358, d, (13.0)
1b 3.46, m 347, m 3.46,d, (12.5) 3.46(18.0)
2 103.84,C 103.94,C - 103.81,C - 103.82,C -
3 79.11,CH 5.21,d,(8.1) 4,1 79.21,8 522,d,(8.1) 1,4, 1m 79.12,CH 5.18, d8.2) 4,1 79.05, CH 5.20,d, (7.9) 1,41
4 71.32,CH 452,t,(8.1) 3,5,6 71.28,CH 58,t,(8.1) 3,5,6 71.19,CH 459,1,(8.2) 5,6 71.30,CH 452,1,(7.9) 3,5,6
5 82.61, CH 395 m 4 82.61,CH 391, m 4 82.8%) 3.93, m 4 82.54, CH 3.92,m 4
6'a 59.90, CH 3.88,m 4 59.88, CH 3.73,m 4 59.73, CH 3.89, m 4 59.92, CH 3.89,m 4
6'b 3.72,brd, (13.4) 3.70,m 3.73,brd, (12.3) 375, m
Substituent at C2
1 172.87,C - 172.88,C - 172.78,C - 17287, -
2" 33.86, CH 225 m 3" 33.93,CH 225 m 3" 34.05, CH 225, m 3" 33.83,CH 225 m 3"
3” 24.54,CH 153, m 2" 2457, CH 156, m 2" 2457, CH 154, m 2" 24.54,CH 154, m 2"
4 29.14, CH 1.24,brs 29.57, G 1.24,brs 29.08, Cht* 1.25,brs 28.85, Chi 1.25,brs
5” 29.05 -29.01, CE* 1.24,brs 29.57, CHt* 1.24,brs 29.22, CHt* 1.25, brs 29.00, CH 1.25, brs
6" 31.75,CH 1.24,brs 29.39, Gi 1.24,brs 29.31, CHt* 1.25, brs 31.56, CH 1.25, brs
7 22.58,CH 1.24,brs 29.30, Gi 1.24,brs 29.39, CH* 1.25, brs 22.56, CH 1.25, brs
8” 14.03,CH 0.86,t, (6.8) 6", 7" 29.21, Cp* 1.24,brs 29.58, CHt* 1.25, brs 14.04, CH 0.87,t,(6.7) 6", 7"
9” 29.09, CH* 1.24,brs 29.69, CHt* 1.25, brs
10~ 31.88,CH 1.24,brs 31.89, CH 1.25, brs
11" 22.66, CH 1.24,brs 22.66, CH 1.25, brs
12" 14.07,CH 0.87,t,(7.0) 6", 7" 14.08, CHl 0.88, 1, (6.8) 10", 11"
Substituent at C3
i 175.71,C - 174.05 - 175.73,C - 175.76,C -
2" 33.88, CH 245, sp, (7.0) 33.87 2.45, sppj7 33.89, CH 245, sp, (7.0) 33.87, CH 2.45(%)
3"a 18.67-19.07, CH* 1.08d, (7.0) 2" 2" 18.88-18.75, CH 1.08d, (7.0) 18.71-19.06, GH 1.07,d, (7.0) 2" 18.66-19.08, CH 1.07,d, (7.0) 2"
3"b 18.67-19.07, CH* 1.06d, (7.0) 2" 2™ 18.88-18.75, CH 1.07d, (7.0) 18.71-19.06, GH 1.08,d, (7.0) 2™ 18.66-19.08, Cfi 1.08, d, (7.0) 2™




Substituent at C4

i 175.96,C - 175.63,C - 175.98,C - 176,@ -

o 33.92, CH 251, sp (7.0) 3™ 33.89, CH 252p, (7.0) 3™ 33.93,CH 2,51, sp, (7.0) 3™ R90, CH 251, sp, (7.0) 3™

3"a 18.67-19.07, CH* 1.13,d (7.0) 2 18.88-18.75, Ckl 1.13,d, (7.0) 2" 18.71-19.06, CH 1.14,d, (7.0) 2 18.66-19.08, CH 1.14,d, (7.0) 2

3"b 18.67-19.07, CH* 1.11,d, (7.0) 2™ 18.88-18.75, CH 1.11d,(7.0) 2" 18.71-19.06, CH 1.05,d, (7.0) 2m 18.66-19.08, Ckt 1.06 ,d, (7.0) A
Substituent at C3’

m 177.80,C - 176.06, C 177.93,C - 177,81 -

2m 43.13,CH, 2.39,dd, (12.8, 6.7) 47"a 4315, ¢H 2.40,dd, (14.0,7.0) 4""a 34.02,CH 2.75, 30X 3 33.99, CH 2.75, sp, (7.0) 3™

3™ 25.84,CH 220, m 2 25.87,CH 219, m Vs

3"a 18.71-19.06, CH* 1.33,d, (7.0) 2m 18.66-19.08, Cht 1.32,d, (7.0) 2m

3""b 18.71-19.06, CH* 1.29,d, (7.0) A 18.66-19.08, Cht 1.29,d, (7.0) A

4""a 22.54, CH; 1.05,d, (6.5) 2" 3", 4™"b 22.30,CH 3 1.06,d, (6.4) 2", 3", 4™Mh

4""b 2454, CH;3 1.03,d, (6.5) 2" 3" 4™ 2242,CH, 1.04,d, (6.4) 2" 3 4"

*The multiplicity could not bedetermine:
** Signals may be interchanged

Table 1. NMR-'H data (CDGJ, 400 MHz) for Compound to compound! (Peruvioses C-F).
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Figure 1. In vitro inhibition of a-amylase for the DF extract and its major components, peruvioses A—F, displayed from
higher to lower inhibitory activity. CH,Cl, extract (DF), peruviose C (1), peruviose D (2), peruviose E (3), peruviose F (4),
peruviose B (5), peruviose A (6) and acarbose as a positive control. All compounds were tested at 640 pug/mL. Results are

expressed as mean + S.D.



Peruviose C (1)

Peruviose D (2)

Peruviose B (5)

Peruviose E (3)

Peruviose F (4)

Peruviose A (6)

Figure 2. Sucrose esters isolated from Physalis peruviana fruits



Highlights

. The dichloromethane extract Bf peruviana fruit showed a considerable inhibitory effect bed-amylase
enzyme.
. Sucrose esters were responsiblesfgtucosidase inhibition and this explains the hypogmic effect that has

been attributed to gooseberry fruits.
. Three new sucrose esters were isolated, perwsidsg (—3), along with three known sucrose esters,
peruvioses AR), B (5) and F §).

. Peruviosides D2) and B ) showed the highest inhibitory effect on thamylase enzyme.



