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The aim of the study was to provide an in-depth characteri-
zation of the methanol-aqueous extract from the aerial
parts of Gypsophila glomerata Pall. Ex Adams (Caryophylla-
ceae) (EGG) and to assess its protective potential on carbon
tetrachloride (CCly)-induced liver and kidney damage in
male Wistar rats. Twenty-two flavonoid C-, O- and C,O-
-glycosides in EGG were annotated by mass spectrometry-
-based molecular networking; nine of them are reported in
this species for the first time. Fourteen-day oral admini-
stration of EGG at a dose 200 mg kg™ bm prevented signifi-
cantly CCl,-induced liver injury, discerned by an ameliora-
tion of the markers of oxidative stress (GSH and MDA) and
transaminase activity. EGG decreased the serum level of
urea and creatinine as well. The observed improvement of
biochemical parameters was supported by histopatholo-
gical observations. The protective hepatorenal effects of
EGG, rich in 2-O-pentosyl-6-C-hexosyl-apigenin/luteolin/
methylluteolin and their acetyl- and methoxycinnamoyl-
derivatives, were comparable with the effects of the posi-
tive control silymarin.

Keywords: Gypsophila glomerata, CCl,, molecular network,
hepatorenal toxicity, flavonoids

Nowadays, there is an increase in scientific interest in herbal medicines, since they

could be a good natural alternative for synthetic drugs and a safe source of helpful sub-
stances and antioxidants, e.g,, flavonoids, xanthones, terpenoids, although some concerns
about their safety are also reported (1). It is well known that oxidative damage of DNA,
lipids or proteins is associated with some chronic diseases (2) like hypertension, coronary
diseases (2, 3), diabetes (2, 4) and cancer (2, 5). In the light of the above, the role of herbal
drugs in the prevention or control of the aforementioned diseases is attributed mainly to
the antioxidative effects of their constituents (5, 6).

Proven antioxidative properties (7, 8), as well as nephroprotective (9, 10), hepatoprotec-
tive and liver regenerative effects (11) along with anti-inflammatory, immunomodulatory
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and membrane-stabilizing effects (12) were reported for different flavonoids, and espe-
cially for the flavolignan complex silymarin from Silybum marianum fruits, which was used
as a positive control in this work.

The Gypsophila species are highly valued and important medicinal herbs widely
spread in Asia and Europe, with application in traditional Chinese medicine to treat vari-
ous ailments such as fever, malnutrition syndrome, diabetes (13), immune disorders or
liver diseases (14-16). There are reports on the antioxidant potential of Gypsophila species
related to C-flavonoid glycosides (14, 15, 17, 18). Our recent studies on some Gypsophila spe-
cies revealed the protective effects of apigenin-O/C-diglucoside (saponarin) isolated from
G. trichotoma against carbon tetrachloride (CCl,) induced hepatotoxicity in vitro and in vivo
in rats (19) or against paracetamol-induced liver damage (20) and cocaine-induced oxida-
tive stress in rats (17); the protective effects were similar to that of silymarin. However,
there is no information about the possible protective effect of the commonly found species,
G. glomerata. Recently, a large number of triterpenoid saponins in G. glomerata roots was
characterized (21). Eleven C-glycosyl flavones and 4 O-glycosyl flavonoids, including 2”-O-
-pentosyl-6-C-hexosyl-apigenin/methylluteolin together with the common saponarin, homo-
orientin, orientin, isovitexin and vitexin were already reported in the aerial parts of G.
glomerata (18). In addition, the total phenolic and flavonoid contents were determined to be
20.59 mg gallic acid equivalent g‘1 extract and 33.00 mg rutin equivalent g‘1 extract, resp.
C,O-glycosyl flavones were commonly found in Gypsophila species (18, 22-24). 2”-O-arabi-
nosyl/rhamnosyl/glucosyl-6/8-C-hexosyl-derivatives of apigenin, luteolin and methyllute-
olin were reported in G. paniculata, G. elegans and G. pacifica. Recently, a variety of C- and
di-C-glycosyl flavones were evidenced in G. perfoliata, while acetylated C,O-glycosyl fla-
vones were annotated only in G. glomerata (18). These investigations highlight the impor-
tance of the aerial parts of the Gypsophila species as a new source of bioactive agents, e.g.,
antioxidants, acetylcholinesterase and a-glucosidase inhibitors. Furthermore, it has been
reported that the extracts of G. glomerata possessed promising radical scavenging activity,
reducing ability and metal chelating activity in the in vitro antioxidant assays (18).

Hence, the aim of the present study was to explore the possible protective effect of G.
glomerata on CCl-induced damages in the liver and kidneys in rats and to compare these
beneficial effects with the well-known effect of silymarin. In addition, molecular network-
-assisted flavonoid profiling of G. glomerata extract in relation to its beneficial properties
was performed.

EXPERIMENTAL

Plant material and extract preparation

G. glomerata aerial parts were collected in September 2010, at Ognyanovo village
(Pazardjik region, Bulgaria) (42°15° N — 24°42" E). The plants were identified by Dr. R.
Gevrenova (Faculty of Pharmacy, Medical University-Sofia, Bulgaria). Voucher specimens
were deposited at the Institute of Biodiversity and Ecosystems Research, Bulgarian
Academy of Sciences, Sofia, Bulgaria (SOM 171499).

Air-dried powdered aerial parts (leaves, stems and flowers) were extracted with 80 %
methanol (1:25, solid/solvent) (x 3) by sonication for 15 min (each time) at room temperature
and lyophilized to yield the crude extract (EGG).
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Chemicals

Acetonitrile (hypergrade for LC-MS), formic acid (HPLC grade) and methanol (ana-
lytical grade) were purchased from Merck (Germany). The standards of orientin,
homoorientin, vitexin, isovitexin, kaempferol 3-glucoside (astragalin) (= 99 % HPLC
purity), saponarin and kaempferol-3-rutinoside (= 98 % HPLC purity were provided from
Extrasynthese (France).

Animals

The rats were housed, maintained and euthanized in accordance with the relevant
international rules and recommendations as stated in the European Convention for the
Protection of Vertebrate Animals used for Experimental and other Scientific Purposes
(ETS 123) (25). The Animal Care Ethics Committee approved the study protocol and Ethics
clearance (No 273 from 02/07/2020) was issued for the study by the Bulgarian Agency for
Food Safety.

Thirty-six specific pathogen-free male Wistar rats, three months old (150-200 g) were
used. The rats were housed in plexiglass cages (3 per cage) in a 12/12 light/ dark cycle, under
standard laboratory conditions (ambient temperature 20 + 2 °C and humidity 72 + 4 %).
Animals were purchased from the National Breeding Center, Sofia, Bulgaria. A minimum
of 7 days of acclimatization was allowed before the commencement of the study. The stan-
dard complete commercial pelleted rat feed suitable for their age and fresh drinking water
were available ad libitum during the entire experimental period of 14 days.

Experimental design and outcome

Male Wistar rats were randomized into six experimental groups with six animals in
each. Carbon tetrachloride, G. glomerata extract and silymarin were administered per os via
oral gavage using a feeding needle as follows: group 1 (control animals) were treated with
physiological saline (0.5 mL g! bm), group 2 rats were treated with silymarin alone solu-
bilized with Tween 80 (0.1 %) in a physiological saline buffer (100 mg kg™ per day, for 14
days) (26), group 3 was orally administered with EGG alone dissolved in a physiological
saline buffer (200 mg kg™ per day, for 14 days), group 4 received a single oral dose of 10 %
CCl, in olive oil (1.25 mL kg™) (27) at day 7, group 5 animals were treated with silymarin
(100 mg kg™) for 7 days and on day 7 the animals were challenged with CCl, (10 % solu-
tion) and subsequently treated with silymarin (100 mg kg™) for another 7 days; group 6
was pre-treated for 7 days with EGG (200 mg kg™ ), intoxicated with 10 % CCl, solution at
71 day, and additionally treated with EGG (mg kg™) for another 7 days.

On the 15 day, the animals were euthanized using CO,, then sacrificed with a labora-
tory guillotine in strict accordance with the rule of the Animal Ethics Committee and
adopted Directive 2010/63/EU (28). Blood for serum biochemical investigations was
collected in tubes containing a clot activator. After centrifugation at 3000 xg for 10 min, the
serum was separated. Afterward, the livers and kidneys were taken to assess the oxidative
stress biomarkers — MDA, GSH. For all following experiments, the excised organs were
perfused with cold saline solution (0.9 % NaCl), blotted dry, weighed and homogenized
with appropriate buffers. Small pieces of livers and kidneys from all rats were preserved
in 10 % neutral buffered formalin for histopathological assessment.
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UHPLC-ESI/HRMS

The LC-MS analyses were performed on a Q Exactive Plus heated electrospray
ionization (HESI-II) — high-resolution mass spectrometer (HRMS) (Thermo Fisher
Scientific, USA) equipped with an ultra high-performance liquid chromatography
(UHPLC) system Dionex Ultimate 3000RSLC (Thermo Fisher Scientific). The UHPLC sepa-
ration and mass spectrometry conditions were reported elsewhere (18). Briefly, the mass
spectrometer was operated in negative ion mode with the HESI source of 2.5 kV and capil-
lary temperature of 320 °C. The mass analyzer scanned over a mass range of 100-1500 m/z
in Full MS-ddMS?/Top 5 scan type, 2 m/z quadrupole isolation window of precursor ions,
higher energy collision-induced dissociation (hcd) was set at 25. The UHPLC separations
were performed on a Kromasil EternityXT C18, 1.8 pm, 2.1x100 mm (AkzoNobel, Sweden).
The binary mobile phase consisted of A: 0.1 % HCOOH and B: 0.1 % HCOOH in acetoni-
trile. The following step gradient profile was used: 5 % B for 1.0 min, increased linearly to
25 % B in 14 min, held isocratic at 25 % B for 2.0 min, increased linearly to 50 % B in 1.0 min,
held isocratic at 50 % B for 2.0 min, increased linearly to 95 % B in 2.0 min, held isocratic
for 2.0 min, finally brought back down to 5 % B over 0.5 min. The flow was 0.3 mL min™.
Data were processed with Xcalibur software ver. 3.0 (Thermo Scientific). The calculation
of the exact masses and mass measurement errors and prediction of molecular formulas
were carried out with Xcalibur software.

Molecular networking

The method of molecular networking (MN) was applied to improve the annotation
and dereplication of the chromatographic peaks (29). MN was created using the GNPS
platform (Global Natural Product Social Molecular Networking) (30). Generally, MN dis-
plays fragmentation similarities between metabolites in complex plant matrices via the
establishment of a cosine score. The principle of MN is that the metabolites sharing similar
fragmentation patterns are usually structurally correlated. Thus, precursor ions of differ-
ent molecules but belonging to a common structural type are grouped in clusters. Within
the cluster, each node corresponds to a consensus MS/MS spectrum; nodes with related
fragmentation patterns are connected with edges reflecting the mass differences between
the associated ions. MN allows for a visual molecular map by linking the nodes regarding
the similarity score (cosine score) of their associated MS/MS data.

The first step in G. glomerata MN assessment consisted in the cluster discovery with
C- and C,O-flavonoid glycosides. MN generated 3 clusters (A, B, C) allowing visual exami-
nation of the consequent flavonoid structural types and facilitated their annotation. In the
second step, the dereplication of some compounds was achieved by the GNPS library.
Finally, the extracted ion chromatograms were used to verify and annotate isobaric
structures.

Raw file in the negative ion mode was uploaded to the GNPS online platform where
the molecular networking was generated with online workflow (30).

Animal physical activity and gross pathology

During the experimental period the housing-related activity (walking, running,
climbing, rearing, passivity, fighting, eating and social behaviors), food and water quan-
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tity intake were surveilled daily by veterinary. Reactions of animals to “external stimuli”
(response to handling, righting reflex, response to hand clapping, response to noise,
response to light fluctuations, toe or tail pinch reflex) were assessed.

Blood biochemical assays and oxidative stress markers

AST, ALT, urea and creatinine in the serum were assessed using commercially avail-
able standard diagnostic kits (Mindray, China) with an automatic biochemistry analyzer
(BS-120, Mindray).

Oxidative damage was determined by measuring the quantity of thiobarbituric acid
reactive substances (TBARS), expressed as malondialdehyde (MDA) equivalents as described
by Polizio and Pefia (31). Reduced glutathione (GSH) was assessed by measuring the
non-protein sulfhydryls after precipitation of proteins with trichloroacetic acid (TCA),
using the method described by Bump (32).

Pathomorphological examination

On the day of euthanasia (day 15), materials were taken from the kidneys and liver of
all experimental and control animals for histological examination. These were fixed in 10 %
neutral buffered formalin. The fixed tissues were processed for paraffin embedding, sec-
tioned at 6 um and stained with haematoxylin-eosin. Histological changes were observed
and photo-documented with a light microscope with a built-in camera Leica (Germany).

Statistical methods

Statistical analysis was performed using the MEDCALC program. Results are expressed
as mean * SD for six rats in each group. Experimental groups were compared by the
Kruskal-Wallis variance analysis test, and a post-hoc analysis using the Mann-Whitney U
test was performed. Statistical significance was considered at p <0.05.

RESULTS AND DISCUSSION

Molecular networking-based annotation of G. glomerata flavonoids

Herein, non-targeted metabolic profiling of G. glomerata extract was performed by
UHPLC-HRMS (Fig. SI). Putative flavonoid annotation was based on the high accuracy MS
and dd-MS? data, molecular formula and fragmentation pattern in comparison with the
previously reported data (18), assisted by the MN investigation and GNPS spectral library
search. Our approach for flavonoid structural elucidation was based on the diagnostic
fragment ions for O-, C- and C,0-glycosides in Gypsophila species and reference standards
(18). The main criteria in the peak annotation of flavonoid glycosides were the neutral
losses of 132.042, 162.053 and 176.033 Da consistent with pentose, hexose and hexuronic
acid units. The characteristic retro-Diels-Alder (RDA) cleavages of the flavonoid backbone
("*B~, 1*A") supported by a series of fragment ions arising from the neutral losses of H,0
(-18), CO (-28), CH,0 (-30), CO, (-44), CO + C,HO, (-85), CH,0, (-46) and radical losses
*CHj, (-15) and *HCO (-29), were used for the aglycone annotation (18, 33). The fragmenta-
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tion of the C-hexosides affords diagnostic cross ring cleavages of the sugar moieties as
follows: %1X,, (<150, ®2X,, (120, *3X,, (-90), %X, (-60). The rules for the recognition of 6-C and
8-C glycosyl flavone isomers were described elsewhere (18). In addition, the acetyl (Ac) and
methoxycinnamoyl (MeCin) groups are evidenced by the losses of Ac (-42), AcOH (-60),
MeCin (-178). Further, the created MN allowed for the visualisation of the related deriva-
tives and facilitated the annotation of the C-flavonoids. The mass difference (Am/z) be-
tween the compounds in each pair underlies a structure modification. For instance, the
difference of 30.01 Da usually resulted from the aglycone structure — apigenin/methyl-
luteolin, while 84.023 Da was diagnostic for diacetylated descendants. Diacetylated and
methoxycinnamoyl-acetyl-derivatives were connected together with Am/z 136.052 Da;
Am/z 220.075 Da indicated additional Ac and MeCin groups.

Within cluster A, the negative networking using MS/MS spectra allowed for the
dereplication of one flavonoid with deprotonated molecule [M-H]" at m/z 563.140 by GNPS
spectral library search as 2”-O-pentosyl-isovitexin (1), previously reported in G. glomerata
(18) (Table SI, Fig. 1).

In (-)ESI-MS/MS compound 1 gave an intensive fragment ion at m/z 413.088 [(M-H)-
132-H,0]" (Z,") (45.3 %) together with ion at m/z 293.045 [(M-H)-(132+H,0)-120]" (Z,/**X,)
(96.5 %) indicating O-glycosylation in a 6-C-hexosyl unit.
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Compound 2 ([M-H]" at m/z 605.151) coinciding with a molecular formula CyH,,0;5,
was directly connected with 1 with Am/z 42 Da; it could be envisioned as its acetylated
derivative. In addition, considering the observed Am/z, compound 3 at m/z 647.162 corre-
sponding to a formula C;)H;,0,, could be associated with the formerly annotated diacety-
lated derivative of 1.

The linkages between 1 and 4 ([M-H]™ at m/z 739.182) and 5 (m/z 741.204) by Am/z of
176.049 (C,H Oq) and 178.065 (C,,H,,O,), indicated their assignment as O-hexuronosyl-(2”-
-O-pentosyl)-isovitexin and 2”-O-(methoxycinnamoylpentosyl)-isovitexin, resp. (Table SI,
Fig. 1). Moreover, the extracted ion chromatograms confirmed the peak annotation by the
fragment ions at m/z 293.046 [(M-H)-176-(132+H,0)-120] (base peak, 100 %) (Z,7/*>X,) (4) and
m/z 293.046 [(M-H)-178-(132+H,0)-120]~ (68.9 %) (5) (Table SI). In the same manner, 6 was
ascribed to O-hexosyl-(2”-O-pentosyl)-isovitexin evidenced by the abundant ions at m/z
563.140 [(M-H)-162]~ (O-glycosylation) and m/z 293.046 [(M-H)-162-(132+H,0)-120]~ (O-glyco-
sylation in the C-linked hexose) (Table SI). Compound 6 could be associated with O-hexosyl-
-2”-O-pentosyl-6(8)-C-hexosyl-apigenin previously reported in G. paniculata and G. repens
(31, 34).

Consistent with the aforementioned assumptions, 7 was ascribed as an acetyl-methoxy-
cinnamoyl derivative of 1 (Table SI, Fig. 1).

The direct attachment of 2 to 8 with Am/z 30.011 Da, together with the characteristic
fragment ions at m/z 443.098 [(M-H)-(132+H,0)-Ac] (Z;") 43.5 %) and 323.056 [(M-H)-
(132+H,0)-Ac-120] (Z,/**X,)) (85.4 %) indicated acetylated 2”-O-pentosyl-6-C-hexosyl-fla-
vone. The manual examination of the comparative MS/MS spectra showed a typical frag-
mentation behavior of 2 with a constant shift of 30 Da, 293/323 (Z,7/°?X,), 311/341 (Y,/*?X,)
allowing allocation of the additional 30 Da on the aglycone. In contrast to the apigenin-
derivatives, the precursor ion of 8 afforded diagnostic ions at m/z 308.033 [Y,/*2X,-CH,]",
294.050 [Y,/*2X,-CH,-CHOJ, m/z 293.044 [ Y,/*?X,-CH,-CH, O] and 133.028 [*B]~ indicating
methylluteolin (18). Thus, 8 was annotated as 2”-O-(acetylpentosyl)-6-C-hexosyl-methyl-
luteolin. Within the same cluster, compound 9 with [M-H]™ at m/z 677.172 was closely
related to 8 with Am/z difference of 42.011 Da, indicating one supplementary acetyl group
(Table SI, Fig. 1).

It should be noted that according to the cosine score histogram, high cosine scores
were registered (0.86-0.94) for the discussed pairs of compounds (Fig. 1). Within cluster A,
eight flavonoids are structurally related to 1. It’s worth noting that it was linked to most of
the constituting nodes. It was connected to 2 with Am/z 42 Da, to 8 with Am/z 84 Da, to 4
with Am/z 176 Da, to 6 with Am/z 162 Da, etc. (Fig. 1). It appeared as a main ion within
cluster A. Thus, cluster A could be ascribed as 2”-O-pentosyl-isovitexin structural type. As
visible from the Table SI and MS/MS histogram, the fragment ion at m/z 563 ([M-H] of 1)
was registered in 7 fragment spectra, m/z 443 [(M-H)-%2X,]" in 13 spectra, m/z 341 (Y;7/**X,)
in 11, m/z 323 (Z,7/**X,) in 15, m/z 311 [(M-H)-%3X;-Pent]~ (Y;/%*?X,) in 12, and m/z 269
[apigenin-H]™ in 6 spectra.

Within the second cluster, B, consisting of six nodes, three compounds were derepli-
cated by GNPS spectral library search with precursor ions at 71/z 431.098 — isovitexin (10),
m/z 447.093 — homoorientin (12) and m/z 593.151 — saponarin (15) (Fig. 1). The extracted ion
chromatograms showed the presence of three isobars at m/z 447.093. In addition to homo-
orientin (6-C-glucosyl-luteolin), luteolin-7-glucoside (13) and kaempferol-3-glucoside (14)
were evidenced as well (Table SI, Fig. 1); all of them were reported earlier (18). Isovitexin
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(6-C-glucosyl-apigenin) (10) at m/z 431.098 was connected to 12 with Am/z of 15.995 Da (O).
Furthermore, extracted ion chromatogram at m/z 431 showed the presence of isovitexin
and its isomer vitexin (8-C-glucosyl-apigenin) (11), formerly identified in G. glomerata (18).
Key points of recognition of 6-C- and 8-C-glucosyl-apigenin/luteolin are relative abundances
of the diagnostic ions [M-H], %3X-, 92X, %2X-/CO.

Manual examination of the MS/MS spectra of a precursor ion at m/z 593.151 revealed
that along with saponarin (15), two previously annotated isobars 2”-O-pentosyl-6-C-hexo-
syl-methylluteolin (16) and kaempferol 3-rutinoside (17) were evidenced (Table SI, Fig. 1).
In (-)ESI-MS/MS 16 afforded diagnostic fragmentions at m/z 323.056 [(M-H)-(132+H,0)-120]"
([Z,/*2X,]") indicating 2”-O-pentosyl and C-hexosyl moieties as was seen in 1. The aglycone
was discerned by the ions at m/z 308.033 (Z,/**X,/CHS,), m/z 299.055 [MeLu-H], m/z 280.0377
(Z;7/"2X,/CH,/CO) and m/z 269.045 [MeLu-H-CH,O] relevant for the methoxy group and
methylluteolin. Regarding 17, the fragment ion at m/z 285.040 resulting from the concomi-
tant loss of hexose and deoxyhexose units (308 Da) and relative abundance of 96 % led to
its assignment as O-glycoside; kaempferol-3-rutinoside was additionally confirmed by
comparison with an authentic standard.

Precursor ion at m/z 461.109 (18) was attached to 12 and 11 with Am/z of 14.016 Da (CH,)
and 30.011 (OCH,), resp. According to the previously established relative abundances of
diagnostic ions for 6-/8-C-glucosyl-flavones, fragment ions at m/z 371.078 %*X= (26 %), m/z
341.067 %2X- (84 %) and m/z 298.048 %2X-/CH,/CO (54 %) indicated 6-C-hexosyl flavone. A
series of ions resulting from the neutral and methyl radical losses from 02X at m/z 298.048,
269.045 (**X-/CH,/C,HO,), 241.051 (*2X~/CH,/C,HO,/CO), 225.055 (**X-/CH,/C,HO,/CO/
CO,) are indicative for 6-C-hexosyl-methylluteolin. Precursor ion at m/z 609.161 (19) was
linked to 10 by Am/z of 178.064 Da suggesting methoxycinnamoyl ester of 6-C-hexosyl-
apigenin. Within cluster B, flavonoids were depicted as structurally related congeners of
10, and the cluster could be ascribed to isovitexin structural type.

Cluster C has three closely related nodes in the spectral networking assuming their
peculiar fragmentation (Fig. 1). They are tentatively ascribed to 2”-O-pentosyl-6-C-hexo-
syl-luteolin (20) and its mono- (21) and diacetylated (22) derivatives. The MS/MS histogram
of the cluster C showed a series of diagnostic ions at m/z 298.048 (Y,7/*2X,/CHO, C,sH,,Oy),
309.041 (Z,7/°*X,, C,;H,0), 327.051 (Y,7/**X,, C;;H,,0;), 339.051 (Z,7/**X,, C;sH};0,), 357.062
(Y,7/%%X,, CigH130y), 411.072 (Z,/H,0O, C,;H,50,), 429.083 (Z,-, C,;H,,0,) (Table SI). Conse-
quently, the cluster was assessed as 2”-O-pentosyl-6-C-hexosyl-luteolin structural type.

In total, twenty-two flavonoids belonging to C, C,0-, and O-glycosides were derepli-
cated or tentatively annotated in the G. glomerata extract by the means of molecular net-
working and in-deep ESI-MS/MS characterization of the compounds.

The main finding of this study is that nine flavonoids, namely, 4, 5, 7, 9, 18-22 were
reported for the first time in the genus Gypsophila. This is the first report on the annotation
of compounds 4-7, 18, 19, 21 and 22 in G. glomerata. All of them are structurally related
flavonoids, especially C,O-glycosides with supplementary acetyl and methoxycinnamoyl
moieties. It’s worth noting that based on the detailed analysis of MS/MS data and MS/MS
histograms, a series of relevant ions for each of the defined clusters is outlined (Fig. 1). The
chromatographic profile of the EGG was dominated by 2”-O-pentosyl-6-C-hexosyl-apigenin/
luteolin/methylluteolin (1, 16, 20) and diacetylated derivative 3 (Fig. SI).
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Animal physical activity and gross pathology

During the 14 days of the investigational period, no mortality was observed in the
experimental and control rats. The physical activity level in CCl,-treated rats from group
4 had decreased, as assessed by their reduced response to external stimuli. In this group,
food and water intake also decreased. The abdomens of these animals were slightly
swollen. All other groups were recorded as having normal activity levels and with normal
intake of food and water during the whole experimental period.

Biochemical findings

The effects on lipid peroxidation and GSH levels in rats with induced CCl, intoxication
are shown in Fig. 2.

Compared to the respective control group, CCl, toxicity was presented by an increased
amount of MDA (by 55 %, p < 0.05) and decreased levels of GSH both in the liver and
kidney tissues (by 25 % and 32 %, resp., p < 0.05). CCl, possesses strong hepatotoxic and
nephrotoxic properties (34, 35). The liver and kidney damages induced by CCl, are
obviously due to the formation of reactive intermediates which are responsible for the
subsequent lipid peroxidation of membrane lipids leading to membrane disintegration of
hepatocytes and leakage of the enzymes into the serum (36). Enzyme biomarkers of hepa-
totoxicity AST and ALT were increased by 133 and 46 %, resp. (p < 0.05) in CCl, alone
treated group in the current study (Figs. 3a,b). In a model of liver fibrosis induced by CCl,,
Lin and co-workers (15) found similar changes in hepatic biochemical parameters as we
found in the toxic model group.

These CCl,-generated free radicals could also damage kidney function (37, 38). In the
present investigation this toxicity was evidenced by the statistically significant increase in
serum urea and creatinine levels of 176 and 99 %, resp., compared to the controls (Figs.
3c,d). A higher serum level of creatinine can be attributed to the damaged structure of the
nephron.

EGG treatment reduced the CCl,-induced toxicity in the liver by inhibiting lipid per-
oxidation and restoring the levels of cell GSH. By comparing the data obtained from the
EGG + CCl,-group vs. the CCl,-alone group, a significant decrease in MDA quantity by 21 %
(p<0.05) and an increase in GSH by 46 % (p <0.05) were observed. These changes were less
evidenced in the kidneys (Fig. 2). Seven-day pre-treatment with the silymarin and EGG
was used to prevent lipid peroxidation and to stabilize cell membranes in order to limit
and attenuate the toxic effects of CCl,. Probably this prophylactic effect synergistically
complements the subsequent protective effect after intoxication and helps to overcome the
liver and kidney damage.

EGG and silymarin treatments which were administered separately did not signifi-
cantly affect the serum biochemical markers, except for the activity of ALT which had
decreased by 19 % using silymarin, compared to the negative control (p < 0.05).

Administration of EGG in CCl,-induced intoxicated rats reduced significantly the
activity of transaminases and the levels of the markers for kidney function as follows: AST
(by 24 %), ALT (by 14 %), urea (by 27 %) and creatinine (by 21 %), compared to the CCl,
alone group (Fig. 3). These effects were similar to the effect of silymarin which decreased
AST by 36 %, ALT by 20 %, urea by 25 % and creatinine level by 27 %, compared to the
CCl,-alone group (p < 0.05).
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Fig. 2. Effects of EGG and silymarin administered alone and after CCl, intoxication, on hepatic and
renal: a) MDA and b) GSH levels. Results are expressed as mean + SD (1 = 6).
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Fig. 3. Effects of EGG and silymarin, administered alone and after CCl, intoxication, on serum bio-
chemical markers: a) AST, b) ALT, c) urea, and d) creatinine. Results are expressed as mean + SD (11 =6).

Herein, the presence of a variety of 2”-O-pentosyl-6-C-hexosyl-apigenin/luteolin/
methylluteolin and their acetyl- and methoxycinnamoyl-derivatives together with C-gly-
cosyl-flavones could be associated with the protective effect of EGG. Huang et al. (14) re-
ported a significant protective effect and improvement of the liver function by the admini-
stration of isoorientin-2”-O-a-L-arabinopyranosyl (IOA) isolated from G. elegans. The
authors found decreased levels of ALT, AST, ALP, c-glutamyltransferase, interleukin-6 and
tumor necrosis factor in alcohol-induced liver injury in rats. They showed that IOA effec-
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tively reduced pathological tissue damage, as was found in the present study. Research on
the protective mechanisms showed that IOA can inhibit CCl,-induced hepatic damages,
due to its radical scavenging action, antioxidant activity, and modulation of NF-kB and
TGF-B1/Smad signaling pathways (15, 16).

Fig. 4. Histopathological photomicrographs showing the CCl,-induced alterations and the effects of
EGG and silymarin in renal tissues: a) and b) CCl,-damaged tubules, ¢) combination of CCl, and
silymarin, d) and e) combination of CCl, and EGG, f) normal kidney from the control group. a), d)-f)
HE x 300, b), c) HE x 200.
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The more pronounced antioxidant ability of the C-glycosyl flavonoids in comparison
with the O-glycosyl flavonoids was reported by Barreca et al. (39). Moreover, homoorientin,
orientin, isovitexin and vitexin also possess some beneficial activities such as anti-inflam-
matory, antibacterial, antiproliferative, antimutagenic and anticarcinogenic (40), which
could add significantly to the above-mentioned protective effects of the flavonoids.

Fig. 5. Histopathological photomicrographs showing the CCl,-induced alterations and the effects of
EGG and silymarin in hepatic tissues: a), b) and c) damaged hepatocytes in the CCl, group, d) combi-
nation of CCl, and silymarin, e) combination of CCl, and EGG, f) control rat hepatocytes. a) and d)
HE x 300, b), ¢) e), f) HE x 200.
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Macroscopical and histopathological assessment

Macroscopical examination at slaughter time revealed that liver and kidney volume
was significantly larger, with yellowish colour in the CCl,-exposed group compared with
the control group. In other experimental groups, the color and the size of the examined
organs were relatively preserved and similar in appearance/morphology to the control.

Histological photomicrographs provided a direct assessment of the effects of the in-
vestigated compounds on the kidneys and livers (Figs. 4 and 5). The kidney and liver tis-
sues in the control rats showed normal architecture. No pathological changes were ob-
served in the glomeruli or in the tubular kidney epithelium (Fig. 4f), nor in the hepatocytes
(Fig. 5f) in the control animals.

Renal histopathology from CCl,-treated rats showed moderate degenerative changes
in the tubular epithelium of the renal cortex, e.g, cloudy swelling, granular (gd) and/or
vacuolar degeneration (vd). The tubular epithelial cells were often swollen and tubular
lumen was diminished and sometimes occluded (ol) by the enlarged epithelium (ae) (Fig.
4a). Some of the vacuolated epithelial cells were with foamy appearance, whereas other
epithelial cells were completely necrotized. Some glomeruli showed mild dilatation of
Bowman'’s space (ds) and partial glomerular atrophy, whereas others were with total atrophy
(ga) or sclerosis (Fig. 4b). Mild congestion of capillary loops or peritubular capillaries was
also observed in some places and activation of capillary endothelium (ae) was present.
Small foci of mononuclear proliferation in the renal interstitium were also visible in some
areas. These alterations were also found in the study of Okolo et al. (41) who showed that
the administration of CCl, markedly disrupted the normal architecture of the kidney cell
by degenerating the tubules and collapsing the glomerulus.

The same scientific group (41) found that the hepatocytes of CCl,-treated rats showed
proliferation of bile duct epithelium with dilated and congested sinusoids. Similar find-
ings have also been found in this study. In the liver, there was a strong fatty (fd) and
granular degeneration (gd), which was more pronounced in the central part of the lobules,
where disorderly hepatocyte cords were found (Fig. 5a). Cloudy swelling (cs) (Fig. 5b) of
some hepatocytes and small hepatocellular necroses (hn) (Fig. 5a) were found mainly in
the central parts of the lobules. A strong ballooning degeneration (bd) of hepatocytes was
observed in the central parts of the lobules (Fig. 5b). A mild proliferation of mononuclear
cells and/or connective tissue (pm) and/or proliferation of bile ducts (pb) was observed in
Glisson’s triangles. A small cluster of macrophages or activated Kupffer cells (aK) were
often found in these proliferates (Fig. 5c). Part of the necroses had infiltrated with inflam-
matory mononuclear cells or single macrophages. Mild congestion of vessels (cv) was also
seen, e.g., V. centralis (Fig. 5b).

In the kidneys of rats treated with CCl, and EGG, there were slight to moderate dege-
nerative changes (dc) in the tubular epithelium of the renal cortex, e.g.,, cloudy swelling (cs),
granular (gd) and/or vacuolar degeneration (vd) (Fig. 4d). The tubular epithelial cells often
appeared swollen and thereby obscured the tubular lumen. A few glomeruli showed mild
dilatation of Bowman’s space (ds), and partial glomerular atrophy (ga) (Fig. 4e), whereas
total atrophy or sclerosis of glomeruli was rarely seen. Mild congestion of capillary loops
or peritubular capillaries was rarely noticed in some places. The capillary endothelium of
peritubular capillaries was activated. Small foci of mononuclear proliferation in the renal
interstitium were also seen in some areas.
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There was a moderate fatty (fd) and/or granular degeneration (gd) in the livers of these
animals, which was well visible in the central part of the lobules. In some places, cloudy
swelling of some hepatocytes was observed. A ballooning degeneration (bd) of hepato-
cytes was seen in part of the hepatocytes in the central parts of some lobules (Fig. 5e), while
small hepatocellular necroses infiltrated with macrophages or leucocytes were rarely
found. A mild proliferation of mononuclear cells, and/or connective tissue and/or prolife-
ration of bile ducts were observed in the Glisson’s triangles. A small cluster of macro-
phages or activated Kupffer (aK) cells were often found in these proliferates. A mild to
moderate congestion of vessels was also seen, e.g., V. centralis.

Gypsophila elegans isoorientin-2"-O-a-L-arabinopyranosyl (GEI) ameliorates porcine
serum-induced immune liver injury as evidenced by decreased pathological damages (16).
These researchers found that GEI significantly alleviated liver injury and collagen accu-
mulation by reducing hepatocyte loosening, fatty degeneration, portal inflammation and
necrosis, which is in accordance with the results of this study.

In the rats treated with CCl, and silymarin, there were slight degenerative changes in
the tubular epithelium of the renal cortex, e.g., cloudy swelling (cs), granular and/or vacu-
olar degeneration (gd). The tubular epithelial cells often appeared swollen and the tubular
lumen was diminished by the enlarged epithelium. A few glomeruli showed mild dilata-
tion of Bowman'’s space and partial glomerular atrophy (ga) (Fig. 4c), whereas total atrophy
or sclerosis of glomeruli was rarely seen. Mild congestion of capillary loops or peritubular
capillaries was rarely seen in some places as well as activation of capillary endothelium
(ae) was presented. In some areas, small foci of mononuclear proliferation in the renal
interstitium were also seen.

The well-known protective effect of silymarin has been reported previously in rat
cisplatin-induced renal toxicity (42), as well as in dog gentamicin-induced renal damages
(43) and in alloxan-induced diabetic nephropathy too (6). In our experimental study, the
protective effect of silymarin was confirmed with the decreased levels of creatinine and
urea (Figs. 3c,d) along with the less pronounced degenerative damages in epithelial cells
of renal tubules (Fig. 4c).

In the group where rat livers were treated with CCl, and silymarin, there was moderate
fatty (fd) and granular degeneration (gd), which was more pronounced in the central area
of the lobules. Cloudy swelling of some hepatocytes was observed in some places. A
ballooning degeneration (bd) of hepatocytes was rarely seen in the central parts of some
lobules, and small hepatocellular necroses infiltrated with macrophages were rarely
found. A mild proliferation of mononuclear cells and/or connective tissue and/or proli-
feration of bile ducts were seen in Glisson’s triangles. A small cluster of macrophages or
activated Kupffer cells (aK) were often found in these proliferates. Mild congestion of
vessels (cv) was also noticed, e.g,, V. centralis (Fig. 5d).

The protective effect of silymarin is reported due to the observed decrease in lipid
peroxidation and the increase in endogenous antioxidants, which are responsible for the
integrity of the plasma membrane and, therefore, counteract the leakage of some target
enzymes (44, 45). In this study, the 7-day pretreatment with silymarin and EGG before CCl,
intoxication aimed to stabilize the cell membranes and thus prevent enzyme leakage.
Freitag et al. (46) reported that silymarin treatment has restored the hepatocyte functional
and histopathological alterations induced by paracetamol in normotensive and hypertensive
animals. In another study of experimental obstructive jaundice model, the enlargement of
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hepatocytes, dilatation of canaliculi and the edema regressed in livers in the silymarin—
-treated group was reported (47).

No pathological changes were seen in the glomeruli or in the tubular kidney epithe-
lium of rats treated only with silymarin, nor were pathological changes in hepatocytes of
their livers observed. A mild fatty degeneration and a mild mononuclear proliferation
were found in the liver only in one of the rats treated with silymarin.

There was a slight mononuclear cell proliferation in the renal interstitium of two rats
treated with EGG alone. Degenerative changes, which were shown to be not significant,
were found in some hepatocytes in only two rats. A minor proliferation of mononuclear
cells, activation of Kupffer cells and slight hyperaemia of sinusoidal capillaries were ob-
served in the same two rats.

The analysis of the results showed that histopathological and biochemical changes
were strongest in rats exposed to CCl, without any supplemental treatment, followed by
rats treated additionally with EGG and those treated with silymarin, whereas scarce
changes or no changes were seen in control rats and in rats treated with EGG or silymarin
only. It seems that the G. glomerata extract (EGG) has a good protective effect against the
toxic effects of CCl, on the liver and kidneys, which is similar to that of silymarin.

CONCLUSIONS

In summary, twenty-two flavonoid C-, O- and C,O-glycosides were dereplicated or
tentatively annotated in the G. glomerata aerial parts extract including nine flavonoids pre-
viously undescribed in the literature. In this study, molecular networking provides effi-
cient tool for the annotation of new flavonoids in the genus Gypsophila: O-hexuronosyl-(2”-
pentosyl-6-C-hexosyl)-apigenin (4), 2”-(methoxycinnamoylpentosyl)-6-C-hexosyl-apigenin
(5), 2”- (methoxycinnamoyl-acetylpentosyl)-6-C-hexosyl)-apigenin (7), 2”-O-diacetylpento-
syl-6-C-hexosyl-methylluteolin (9), 6-C-hexosyl-methylluteolin (18), 2”-methoxycinnamo-
yl-6-C-hexosyl-apigenin (19), 2”-O-pentosyl-6-C-hexosyl-luteolin (20), 2”-O-(acetylpentosyl)-
6-C-hexosyl-luteolin (21) and 2”-O-(diacetylpentosyl)-6-C-hexosyl-luteolin (22).

The observed hepatorenal protective effects of G. glomerata could be attributed to fla-
vonoids, notably to the major flavonoids in the chromatographic profile: 2”-O-pentosyl-6-
C-hexosyl-apigenin/luteolin/methylluteolin (1, 16, 20) and diacetylated derivative 3. How-
ever, further investigations on the detailed mechanisms of action are needed.
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