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avtorTa sayuradRebod!

redaqciaSi statiis warmodgenisas saWiroa davicvaT Semdegi wesebi:

 1. statia unda warmoadginoT 2 calad,  rusul an inglisur enebze, dabeWdili 
standartuli furclis 1 gverdze,  3 sm siganis marcxena velisa da striqonebs 
Soris 1,5 intervalis dacviT. gamoyenebuli kompiuteruli Srifti rusul da ing-
lisurenovan teqstebSi - Times New Roman (Кириллица), xolo qarTulenovan teqstSi 
saWiroa gamoviyenoT AcadNusx. Sriftis zoma – 12. statias Tan unda axldes CD 
statiiT. 
 2. statiis moculoba ar unda Seadgendes 10 gverdze naklebs da 20 gverdze mets 
literaturis siis da reziumeebis (inglisur, rusul da qarTul enebze) CaTvliT.
 3. statiaSi saWiroa gaSuqdes: sakiTxis aqtualoba; kvlevis mizani; sakvlevi 
masala da gamoyenebuli meTodebi; miRebuli Sedegebi da maTi gansja. eqsperimen-
tuli xasiaTis statiebis warmodgenisas avtorebma unda miuTiTon saeqsperimento 
cxovelebis saxeoba da raodenoba; gautkivarebisa da daZinebis meTodebi (mwvave 
cdebis pirobebSi).
 4. statias Tan unda axldes reziume inglisur, rusul da qarTul enebze 
aranakleb naxevari gverdis moculobisa (saTauris, avtorebis, dawesebulebis 
miTiTebiT da unda Seicavdes Semdeg ganyofilebebs: mizani, masala da meTodebi, 
Sedegebi da daskvnebi; teqstualuri nawili ar unda iyos 15 striqonze naklebi) 
da sakvanZo sityvebis CamonaTvali (key words).
 5. cxrilebi saWiroa warmoadginoT nabeWdi saxiT. yvela cifruli, Sema-
jamebeli da procentuli monacemebi unda Seesabamebodes teqstSi moyvanils. 
 6. fotosuraTebi unda iyos kontrastuli; suraTebi, naxazebi, diagramebi 
- dasaTaurebuli, danomrili da saTanado adgilas Casmuli. rentgenogramebis 
fotoaslebi warmoadgineT pozitiuri gamosaxulebiT tiff formatSi. mikrofoto-
suraTebis warwerebSi saWiroa miuTiToT okularis an obieqtivis saSualebiT 
gadidebis xarisxi, anaTalebis SeRebvis an impregnaciis meTodi da aRniSnoT su-
raTis zeda da qveda nawilebi.
 7. samamulo avtorebis gvarebi statiaSi aRiniSneba inicialebis TandarTviT, 
ucxourisa – ucxouri transkripciiT.
 8. statias Tan unda axldes avtoris mier gamoyenebuli samamulo da ucxo-
uri Sromebis bibliografiuli sia (bolo 5-8 wlis siRrmiT). anbanuri wyobiT 
warmodgenil bibliografiul siaSi miuTiTeT jer samamulo, Semdeg ucxoeli 
avtorebi (gvari, inicialebi, statiis saTauri, Jurnalis dasaxeleba, gamocemis 
adgili, weli, Jurnalis #, pirveli da bolo gverdebi). monografiis SemTxvevaSi 
miuTiTeT gamocemis weli, adgili da gverdebis saerTo raodenoba. teqstSi 
kvadratul fCxilebSi unda miuTiToT avtoris Sesabamisi N literaturis siis 
mixedviT. mizanSewonilia, rom citirebuli wyaroebis umetesi nawili iyos 5-6 
wlis siRrmis.
 9. statias Tan unda axldes: a) dawesebulebis an samecniero xelmZRvane-
lis wardgineba, damowmebuli xelmoweriTa da beWdiT; b) dargis specialistis 
damowmebuli recenzia, romelSic miTiTebuli iqneba sakiTxis aqtualoba, masalis 
sakmaoba, meTodis sandooba, Sedegebis samecniero-praqtikuli mniSvneloba.
 10. statiis bolos saWiroa yvela avtoris xelmowera, romelTa raodenoba 
ar unda aRematebodes 5-s.
 11. redaqcia itovebs uflebas Seasworos statia. teqstze muSaoba da Se-
jereba xdeba saavtoro originalis mixedviT.
 12. dauSvebelia redaqciaSi iseTi statiis wardgena, romelic dasabeWdad 
wardgenili iyo sxva redaqciaSi an gamoqveynebuli iyo sxva gamocemebSi.

aRniSnuli wesebis darRvevis SemTxvevaSi statiebi ar ganixileba.
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Abstract.
Aim: To compare phenolic and flavonoid contents and 

DPPH radical-scavenging activity among Georgian Cucurbita 
moschata preparations and assess acute hepatic and mesenteric 
microcirculatory responses to concentrated flesh-with-peel 
extract (FPE).

Materials and methods: Dried flesh with peel and seeds 
were extracted with 80% ethanol, and concentrated dry FPE 
was prepared from flesh with peel. Chemical endpoints were 
assessed using colourimetric assays, with four analytical 
measurements per preparation. Liver histology was examined 
3 h after a single intraperitoneal FPE administration in 7-day-
old neonatal male Wistar rats and young male Wistar rats 
weighing 120–140 g. Neonatal hepatocyte mitotic activity was 
compared between control and exposed groups, with seven 
animals per group. Microcirculatory intensity was assessed 
before and after local FPE application in NaCl-crystal- and 
dextran-500-induced mesenteric stasis models, with five paired 
observations per model. Holm correction was applied across the 
two microcirculatory comparisons.

Results: Dry FPE exhibited the highest total phenolic content 
(8.085 ± 0.021 mg gallic acid equivalents/g dry weight), total 
flavonoid content (7.405 ± 0.056 mg quercetin equivalents/g 
dry weight), and DPPH radical-scavenging activity (63.18 ± 
0.28%). Corresponding values were 4.970 ± 0.063, 3.883 ± 
0.054, and 54.15 ± 0.44% for flesh with peel, and 2.100 ± 0.039, 
2.030 ± 0.100, and 46.03 ± 0.30% for seeds. ANOVA indicated 
differences among preparations for all three endpoints (p < 
0.001). Liver architecture appeared broadly preserved. Neonatal 
mitotic indices were 8.06 ± 1.87‰ in controls and 8.66 ± 1.72‰ 
after FPE exposure (Welch’s t-test, p = 0.544). Following local 
FPE application, microcirculatory intensity increased from 0.36 
± 0.09 to 0.82 ± 0.13 in the NaCl model and from 0.50 ± 0.07 
to 0.72 ± 0.04 in the dextran-500 model (Holm-adjusted p = 
0.0050 for both).

Conclusions: Dry FPE combined the highest phenolic and 
flavonoid indices with the greatest DPPH radical-scavenging 
activity among the tested preparations. Local application 
was followed by increased microcirculatory intensity in both 
stasis models, while acute hepatic assessment showed broadly 
preserved architecture and no significant change in neonatal 
mitotic activity. These complementary findings support 
standardised preclinical investigation of FPE composition and 
potential microvascular actions.

Key words. Cucurbita moschata, flesh-with-peel extract, 
phenolics, flavonoids, DPPH, liver histology, microcirculation.
Introduction.

Pumpkin (Cucurbita spp.) is a source of phenolics, flavonoids, 
carotenoids, and other constituents of interest for nutritional and 
preclinical research [1-5]. Their distribution varies among flesh, 
peel, and seeds and is influenced by species, cultivar, maturity, 
and processing [3,4,6-8]. A central scientific question is how 
preparation-dependent differences in chemical composition 
relate to measurable biological responses. Addressing this 
question requires characterisation of the preparation used in the 
biological experiments alongside assessment of its functional 
activity.

Pumpkin tissues offer distinct but potentially complementary 
sources of bioactive compounds. Comparative studies have 
documented differences in phenolic content and antioxidant 
activity among anatomical fractions [6-8]. Chromatographic 
analyses have identified epicatechin and glycosylated derivatives 
of quercetin, kaempferol, and isorhamnetin in pumpkin 
byproducts, demonstrating their phytochemical diversity 
[9]. Seeds also contain a distinct lipid fraction [10]. These 
differences make preparation-specific assessment important, 
while findings from Cucurbita maxima and Cucurbita pepo 
provide comparative context for investigating Cucurbita 
moschata [7,10-12]. Combined flesh-with-peel preparations are 
therefore of interest as materials in which chemical composition 
and biological activity can be examined together.

Microcirculation provides a functional setting for investigating 
interactions between plant-derived constituents, blood cells, and 
vascular tissue. Altered redox balance and haemorrheological 
disturbances have been linked to impaired microcirculatory 
function [13,14]. Chemical radical-scavenging assays can help 
characterise extracts, whereas experimental microcirculatory 
measurements provide complementary information about 
their responses in living tissue. Combining these levels of 
assessment can strengthen the biological relevance of extract 
characterisation and identify hypotheses for subsequent 
mechanistic investigation.

Evidence concerning erythrocyte responses supports this 
approach. Bilto and Abdalla [15] showed that several isolated 
flavonoids protected human erythrocytes against experimentally 
induced loss of filterability and modified sedimentation and 
osmotic fragility, with responses differing among compounds. 
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Fathima et al. [16] also reported erythrocyte membrane-
stabilising activity of a methanolic C. pepo fruit extract. 
Together, these findings provide a rationale for investigating 
whether interactions with erythrocyte membranes contribute 
to the microcirculatory responses associated with pumpkin 
preparations. The possible connection between pumpkin 
phytochemistry and haemorrheological function is scientifically 
relevant because it offers a testable explanation for functional 
changes beyond chemical radical scavenging alone.

Acute hepatic assessment adds a complementary dimension by 
characterising the immediate tissue response to extract exposure. 
Liver architecture and hepatocyte mitotic activity provide 
distinct morphological and cellular endpoints. In neonatal 
rats, mitotic activity is interpreted in the context of active 
developmental hepatocyte proliferation [17]. Integrating these 
observations with chemical measurements and experimental 
microcirculation allows the preparation to be assessed across 
several biological levels.

The aim of this study was to compare total phenolic content, 
total flavonoid content, and DPPH radical-scavenging activity 
in three preparations from a single lot of Georgian C. moschata-
flesh with peel, seeds, and concentrated dry flesh-with-peel 
extract (FPE) - and to assess the acute hepatic response to FPE 
and changes in mesenteric microcirculatory intensity following 
its local application in NaCl-crystal- and dextran-500-induced 
stasis models.

The scientific value of this exploratory study lies in bringing 
preparation-specific chemical measurements together with 
hepatic and microcirculatory observations. The use of two 
stasis models permits assessment of the consistency of the 
microcirculatory response across different experimental 
settings. This integrated design provides a basis for selecting 
standardised preparations, defining relevant functional 
endpoints, and developing focused hypotheses about the 
constituents and mechanisms involved in FPE activity.
Materials and Methods.
Plant material and extraction:

Cucurbita moschata fruits were obtained from a local market 
in Tbilisi, Georgia, and identified by morphological features. 
Flesh with peel was separated from the seeds, and both fractions 
were dried at 60 °C and milled. Material was processed as a 
single experimental lot. For analytical extraction, 5 g of flesh-
with-peel or seed powder was extracted three times with 20 mL 
of 80% ethanol for 1 h per extraction. The pooled extracts from 
each preparation were vacuum-concentrated below 40 °C to a 
final volume of 10 mL, corresponding to 0.5 g of starting dry 
material per mL. Dry flesh-with-peel extract (FPE) was prepared 
exclusively from pumpkin flesh and peel; seeds were excluded. 
Dried flesh-with-peel powder (50 g) was extracted three times 
with 200 mL of 80% ethanol for 1 h per extraction. The extracts 
were pooled, filtered, vacuum-concentrated below 40 °C, and 
dried. The extraction yield was 32% (w/w), corresponding to 
16 g of dry FPE from 50 g of starting dried flesh-with-peel 
material. Dry FPE was stored at −80 °C until use.
Total phenolic content, flavonoids, and DPPH activity:

We measured DPPH radical-scavenging activity 
spectrophotometrically at 515 nm after a 30-min reaction with 

2,2-diphenyl-1-picrylhydrazyl. Scavenging was calculated as R 
(%) = [(C − S)/C] × 100, where C and S denote the absorbance of 
the DPPH control and the sample reaction mixture, respectively. 
Results were expressed as the percentage decrease in DPPH 
absorbance under the assay conditions used.

Total phenolic content was determined using the Folin–
Ciocalteu assay at 725 nm with gallic acid as the calibration 
standard. Phenolic and flavonoid assay values were expressed 
as milligrams of gallic acid equivalents (GAE) and quercetin 
equivalents (QE), respectively, per gram of dry weight (DW). 
DPPH radical-scavenging activity was expressed as percentage 
inhibition. Four analytical measurements were performed per 
preparation.

Total flavonoid content was determined using the AlCl₃ 
colourimetric assay at 410 nm with quercetin as the calibration 
standard. Results are presented as mean ± standard deviation 
(SD) and describe analytical variation within the tested lot.
Experimental animals and hepatic assessment:

Male Wistar rats were used for the hepatic assessment, including 
7-day-old neonatal (suckling) rats and 7–8-week-old young rats 
weighing 120–140 g. For each age group, seven animals were 
assigned to the control group and seven to the FPE-exposed 
group. Neonatal rats were selected because the early postnatal 
liver undergoes active growth and developmental hepatocyte 
proliferation, providing a biologically relevant setting for 
assessing whether acute FPE exposure alters hepatocyte mitotic 
activity [17].

FPE was administered once intraperitoneally. All doses refer 
to the mass of recovered dry FPE. Older rats weighing 120–140 
g received 1 mg of dry FPE in 0.1 mL per animal, corresponding 
to a solution concentration of 10 mg/mL and a body-weight-
adjusted dose of 7.14–8.33 mg/kg. Seven-day-old neonatal rats 
received 0.1 mg of dry FPE in 0.1 mL per animal, corresponding 
to 1 mg/mL. Based on a total phenolic content of 8.085 mg gallic 
acid equivalents (GAE)/g dry FPE, the 1-mg dose contained an 
estimated 8.085 µg GAE, equivalent to 57.75–67.38 µg GAE/
kg in rats weighing 120–140 g. The 0.1-mg neonatal dose 
contained an estimated 0.8085 µg GAE per animal. These 
quantities represent Folin–Ciocalteu assay equivalents, rather 
than the measured mass of individual phenolic compounds.

Colchicine (1 mg/kg body weight) was administered 1 h after 
FPE injection, and liver tissue was collected 3 h after FPE 
administration.

Liver tissue was fixed in 4% buffered formaldehyde, dehydrated 
through graded alcohols, embedded in paraffin, sectioned at 5–7 
µm, and stained with haematoxylin and eosin (H&E). Mitotic 
activity was assessed by counting metaphase figures among 
5,000 hepatocytes per animal. The mitotic index was calculated 
as (number of metaphase figures/5,000) × 1,000 and expressed 
in ‰. Each animal constituted one biological replicate.
Mesenteric microcirculation and stasis models:

Mesenteric microcirculation was examined by Leitz 
biomicroscopy in male Wistar rats with a mean body weight of 
170 ± 40 g. Two experimental stasis models were used: local 
stasis induced by placing a NaCl crystal on the mesenteric 
capillary network and stasis induced by administration of high-
molecular-weight dextran 500. Premedication consisted of a 
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2% promedol solution at 0.02 mL/100 g body weight, followed 
by a 4% chloral hydrate solution at 1 mL/100 g body weight 
for anaesthesia, corresponding to doses of 4 and 400 mg/kg, 
respectively. FPE was applied locally to the affected mesenteric 
region.

The available dataset comprised five paired microcirculatory 
index observations per stasis model, obtained after stasis 
induction, before and after local FPE application. Pre-FPE and 
post-FPE values were summarized separately using arithmetic 
means, calculated as x̄ = Σᵢ₌₁⁵xᵢ/5, where xᵢ denotes an individual 
recorded index value. Paired changes were calculated as Δᵢ = Ipost,i 
− Ipre,i, and the mean paired change as Δ̄ = Σᵢ₌₁⁵Δᵢ/5. Comparisons 
used the reported two-sided paired t-test p values, with Holm 
correction applied across the two stasis models.
Ethics statement:

The study was approved by the Animal Research Ethics 
Committee of Tbilisi State Medical University. 
Statistical analysis:

Chemical assay results and neonatal mitotic indices are 
presented as mean ± standard deviation (SD). Differences among 
the three preparations were assessed using one-way analysis of 
variance (ANOVA), and neonatal hepatocyte mitotic indices 
were compared using Welch’s independent-samples t-test. 
Each preparation had four analytical observations, reflecting 
within-lot repeatability. Accordingly, the ANOVA results were 
interpreted as comparisons among the tested preparations rather 
than evidence of differences across independently produced 
batches. No, post hoc pairwise comparisons were performed.

Pearson correlations were calculated by pooling the 12 
analytical observations across the three preparations. These 
correlations were interpreted as descriptive pooled associations 
that may primarily reflect differences among preparations, 
rather than within-preparation or dose–response relationships.

For the microcirculatory comparisons, the reported two-
sided paired t-test p-values were used, separately for the 
NaCl- and dextran-500-induced stasis models, with five paired 
observations per model. Holm correction was applied across 
the two comparisons. Confidence intervals were calculated as 
unadjusted 95% intervals and were not corrected for multiple 
comparisons.

Paired changes were defined as post-FPE minus pre-FPE 
values. Approximate confidence intervals and effect sizes were 
reconstructed from the reported mean paired changes and 
unadjusted two-sided p-values, assuming paired t-tests with five 
pairs and four degrees of freedom. The absolute t statistic was 
obtained from the inverse cumulative Student’s t distribution. 
The calculations were:

|t| = t(1 - p/2,4)
SEΔ = |Δ̄| / |t|
SDΔ = SEΔ × √5
95% CI = Δ̄ ± t(0.975,4) × SEΔ
d_z = Δ̄ / SDΔ
Here, t(q, 4) denotes the q quantile of Student’s t distribution 

with four degrees of freedom; Δ̄ denotes the mean paired 
change, SEΔ its standard error, and SDΔ the standard deviation 
of the within-pair changes. SDΔ differs from the separate pre-
FPE and post-FPE standard deviations. These reconstructed 

estimates are approximate because the reported mean changes 
and p values were rounded, and they could not be independently 
verified against individual paired observations.

All analyses were considered exploratory owing to the small 
sample sizes. All hypothesis tests were two-sided, with statistical 
significance defined as p < 0.05; Holm-adjusted p values were 
used for the two microcirculatory comparisons.
Results.
Phenolic content and DPPH radical scavenging across 
preparations:

Dry FPE exhibited the highest total phenolic and flavonoid 
contents and DPPH radical-scavenging activity among the three 
preparations (Table 1 and Figure 1). Total phenolic content was 
8.085 ± 0.021 mg GAE/g DW in dry FPE, 4.970 ± 0.063 mg 
GAE/g DW in flesh with peel, and 2.100 ± 0.039 mg GAE/g 
DW in seeds. The corresponding total flavonoid contents were 
7.405 ± 0.056, 3.883 ± 0.054, and 2.030 ± 0.100 mg QE/g DW, 
respectively. DPPH radical-scavenging activity was 63.18 ± 
0.28%, 54.15 ± 0.44%, and 46.03 ± 0.30%, respectively. One-
way ANOVA indicated differences among the preparations for 
all three endpoints (p < 0.001).

Compared with flesh with peel, dry FPE had 62.7% higher 
total phenolic and 90.7% higher total flavonoid assay values. 
DPPH radical-scavenging activity was 9.03 percentage points 
higher, corresponding to a relative increase of 16.7%. These 
results describe the tested experimental lot under the stated assay 
conditions. The dry-extract yield was 32% (w/w); recovery and 
enrichment of individual compounds were not quantified.

Across the 12 pooled analytical observations from the three 
preparations, Pearson correlations were r = 0.999 for DPPH 
radical-scavenging activity versus total phenolic content and 
r = 0.988 versus total flavonoid content. These correlations 
primarily reflect differences among the three preparation 
means and are interpreted as descriptive between-preparation 
associations. They do not demonstrate within-preparation 
relationships, individual-level dose–response effects, or a causal 
contribution of phenolics or flavonoids to radical-scavenging 
activity.
Acute hepatic observations and neonatal hepatocyte mitotic 
index:

Liver micrographs showed generally intact tissue architecture 
in control and FPE-exposed neonatal rats, with mitotic figures 
present in both groups (Figure 2). The neonatal hepatocyte 
mitotic index was 8.06 ± 1.87‰ in the control group and 8.66 ± 
1.72‰ after FPE exposure (seven animals in each group; Welch's 
t-test, p = 0.544; Figure 3). The mean difference was +0.60‰. 
Based on rounded group summaries and assuming independent 
observations, the approximate 95% confidence interval for the 
difference between FPE and control was -1.49 to 2.69‰. Thus, 
no statistically significant difference was detected.

Liver micrographs from young male Wistar rats weighing 
120–140 g likewise showed no obvious disruption of tissue 
architecture (Figure 4). These observations describe the 
examined tissue sections collected 3 h after FPE administration.
Microcirculatory intensity after local FPE application:

Local FPE application was followed by an increase in the 
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Preparation Total phenolics mg GAE/g DW Total flavonoids mg QE/g DW DPPH scavenging %
Dry FPE 8.085 ± 0.021 7.405 ± 0.056 63.18 ± 0.28
Flesh with peel 4.970 ± 0.063 3.883 ± 0.054 54.15 ± 0.44
Seeds 2.100 ± 0.039 2.030 ± 0.100 46.03 ± 0.30

Table 1. Total phenolic content, total flavonoid content, and DPPH radical-scavenging activity in Cucurbita moschata preparations. Values are 
presented as mean ± SD of four analytical observations per preparation from a single experimental lot. GAE, gallic acid equivalents; QE, quercetin 
equivalents; DW, dry weight. GAE and QE denote quantities expressed relative to the respective calibration standards and do not represent the 
masses of individually identified compounds.

Stasis model
After stasis,
before FPE:
mean ± SD

After FPE: 
mean ± SD

Mean paired
change unadjusted p Holm-

adjusted p
Approximate 95% CI
for mean change

Estimated 
Cohen’s d_z

NaCl crystal 0.36 ± 0.09 0.82 ± 0.13 +0.46 0.0025 0.0050 0.27–0.65 3.02
Dextran 500 0.50 ± 0.07 0.72± 0.04 +0.22 0.0042 0.0050 0.12–0.32 2.63

Table 2. Microcirculatory index before and after local FPE application in two experimental stasis models.

Figure 1. Total phenolics (mg GAE/g DW), total flavonoids (mg QE/g DW) and DPPH radical scavenging (%) in the three preparations. Bars 
show mean ± SD of four analytical observations from one lot. ANOVA, p < 0.001 for each endpoint. Error bars describe within-lot analytical 

variation.

Figure 2. Liver histology in 7-day-old neonatal male Wistar rats. a–c, control; d–f, FPE-exposed animals. H&E. Reported ocular × objective 
magnifications: a,d, 5×10; b,e, 5×40; c,f, 5×90 (total 50×, 200× and 450×). Arrows indicate mitotic figures.
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recorded microcirculatory index in both experimental models 
(Table 2). In the NaCl-induced stasis model, the mean index 
increased from 0.36 to 0.82, corresponding to a mean paired 
change of +0.46 index units (paired t-test, p = 0.0025; Holm-
adjusted p = 0.0050). In the dextran-500 model, the mean 
increased from 0.50 to 0.72, corresponding to a mean paired 
change of +0.22 index units (paired t-test, p = 0.0042; Holm-
adjusted p = 0.0050).

The increases calculated from the group means were 
approximately 128% and 44%, respectively, relative to the post-

stasis, pre-FPE values. Exact numerical pre-stasis measurements 
were unavailable; therefore, baseline-normalised values could 
not be calculated. These percentages describe increases from 
the post-stasis state and do not quantify restoration of normal 
microcirculation.

Approximate unadjusted 95% confidence intervals for the 
mean paired changes were 0.27–0.65 index units in the NaCl 
model and 0.12–0.32 index units in the dextran-500 model. 
Corresponding estimated paired Cohen’s d z values were 3.02 
and 2.63. These estimates were reconstructed from rounded 

Figure 3. Hepatocyte mitotic index in 7-day-old neonatal male Wistar rats. Mean ± SD of seven animals per group; Welch’s t-test, p = 0.544.

Figure 4. Liver histology in yang male Wistar rats weighing 120–140 g. a,b, control; c,d, FPE-exposed animals. H&E. Reported ocular × 
objective magnifications: a,c, 5×10; b,d, 5×40 (total 50× and 200×).
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mean changes and reported p-values, assuming paired t-tests 
with five observations and four degrees of freedom. These 
findings indicate an increase in the recorded microcirculatory 
index following local FPE application in both experimental 
stasis models.

Values are presented as mean ± standard deviation (SD), with 
five paired observations per model. Mean paired changes were 
calculated as post-FPE minus pre-FPE values. Comparisons 
used two-sided paired t-tests, with Holm correction applied 
across the two comparisons. Approximate 95% confidence 
intervals and paired Cohen’s d_z values were reconstructed 
from rounded mean changes and unadjusted p-values, assuming 
four degrees of freedom. These estimates could not be verified 
against individual paired observations. Confidence intervals are 
unadjusted for multiple comparisons. CI, confidence interval; 
FPE, flesh-with-peel extract.
Discussion.

The present study links the chemical characterisation of a 
pumpkin flesh-with-peel extract (FPE) with its short-term 
hepatic and microcirculatory responses. Dry FPE exhibited 
the highest phenolic and flavonoid indices and DPPH radical-
scavenging activity among the tested preparations. Local 
application was followed by increased microcirculatory index 
in two experimentally induced stasis models, while neonatal 
hepatocyte mitotic activity showed no statistically significant 
difference following a single intraperitoneal exposure. The 
scientific significance of these findings lies in the combination 
of chemical and functional observations, which provides a basis 
for investigating how pumpkin-derived constituents interact 
with the microvascular environment.

Dry FPE contained 62.7% more phenolic equivalents and 
90.7% more flavonoid equivalents than flesh with peel, 
together with 16.7% greater DPPH radical-scavenging activity. 
The concordant differences across these endpoints indicate 
that preparation influenced both the measured chemical 
composition and scavenging capacity. This pattern is consistent 
with the variation in phytochemical profiles reported across 
pumpkin tissues, genotypes, and processing conditions [3-
8]. Chromatographic evidence further supports the chemical 
relevance of pumpkin tissues: Leichtweis et al. [9] identified 
epicatechin and glycosylated derivatives of quercetin, 
kaempferol, and isorhamnetin in pumpkin byproducts, with 
substantial variation among tissues and genotypes. These 
findings place the present results within a broader body of 
evidence identifying pumpkin materials as sources of chemically 
diverse phenolic constituents.

The Folin–Ciocalteu and AlCl₃ measurements provide 
complementary, calibration-based descriptions of the 
preparations. Their interpretation as phenolic and flavonoid 
equivalents allows comparisons under the same analytical 
conditions, while recognising that they represent assay 
responses rather than the masses of individual compounds. 
Because flavonoids belong to the broader phenolic class, these 
values describe overlapping aspects of extract composition and 
should be interpreted together rather than summed. The small 
analytical standard deviations indicate low within-lot analytical 
variation within the tested lot.

The strong pooled associations of DPPH activity with phenolic 
content (r = 0.999) and flavonoid content (r = 0.988) reinforce 
the concordance between chemical indices and scavenging 
activity across preparations. Their principal significance is 
the coherent separation of the preparation profiles: higher 
phenolic and flavonoid measurements accompanied greater 
DPPH scavenging. These pooled associations primarily 
reflect between-preparation differences and do not establish 
within-preparation relationships, dose–response effects, or 
the contribution of individual constituents. The measurable 
scavenging activity of the seed preparation also indicates that 
the overall response reflects the properties of the extract as a 
mixture. Published information on pumpkin-seed composition 
provides additional nutritional and chemical context [10].

The microcirculatory findings extend the investigation beyond 
a chemical scavenging assay. Following local FPE application, 
the intensity index increased by 0.46 units in the NaCl-induced 
model and 0.22 units in the dextran-500 model. Both comparisons 
remained statistically significant after Holm correction. The 
directionally consistent changes across two experimental models 
support the biological relevance of the observation and provide 
a rationale for examining FPE–microvascular interactions. The 
relative increases of approximately 128% and 44% express the 
magnitude of change from the post-stasis state; they should 
be understood as increases in the recorded index rather than 
percentages of normal circulation restored.

The approximate confidence intervals and estimated paired 
effect sizes likewise indicate substantial changes within the 
recorded comparisons. Their interpretation is strongest when 
considered alongside the absolute index changes and the 
consistency of direction across models. Because these estimates 
were derived from rounded summary values, they provide an 
approximate description of response magnitude. The overall 
pattern supports further investigation of a local microcirculatory 
action, with causal attribution requiring comparison against the 
time course of the corresponding experimental controls.

An erythrocyte-mediated contribution to the microcirculatory 
response is biologically plausible. Fathima et al. [16] reported 
that a methanolic extract of Cucurbita pepo fruit reduced 
haemolysis in erythrocyte membrane-stabilisation assays. 
Although membrane resistance to haemolysis and erythrocyte 
rheology are distinct properties, this observation provides 
evidence that pumpkin extracts can interact with erythrocyte 
membranes. Bilto and Abdalla [15] demonstrated that several 
isolated flavonoids, including quercetin and rutin, protected 
human erythrocytes against experimentally induced loss 
of filterability. Their effects on sedimentation and osmotic 
fragility differed among compounds, indicating that erythrocyte 
responses depend on molecular structure and experimental 
conditions. Together, these studies support erythrocyte 
membrane properties as a candidate link between flavonoid-
containing preparations and microcirculatory behaviour.

This interpretation is particularly relevant to the dextran-
associated stasis model because Bilto and Abdalla [15] examined 
flavonoid effects in experiments that included dextran-induced 
erythrocyte aggregation. The literature therefore provides a 
mechanistic bridge between flavonoid chemical properties 
and the cellular processes that may influence circulation in 
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this experimental setting. For FPE, modulation of erythrocyte 
behaviour represents a candidate mechanism for the observed 
microcirculatory response. Identification of active extract 
constituents combined with measurements of erythrocyte 
deformability, aggregation, and blood viscosity would allow 
this hypothesis to be tested directly.

A complementary hypothesis involves redox-sensitive 
vascular responses. Previous work linking oxidative stress and 
haemorrheological disturbances [13,14] provides a framework 
in which interactions with erythrocytes and the vascular wall 
may jointly influence microcirculation. The coexistence of 
DPPH scavenging and a local microcirculatory response makes 
this hypothesis relevant to FPE, although it does not establish 
that radical scavenging mediated the functional change. 
The present findings define a testable relationship among 
extract composition, redox activity, cellular behaviour, and 
microvascular responses.

The hepatic observations provide a complementary assessment 
of the immediate tissue response to FPE exposure. The liver 
tissue architecture appeared broadly preserved in the examined 
images, and neonatal mitotic activity did not differ significantly 
between groups during the three-hour observation period. 
The mean difference of +0.60‰, with an approximate 95% 
confidence interval of −1.49 to 2.69‰, describes the range of 
changes compatible with the immediate hepatic response under 
the tested exposure conditions. In neonatal animals, the mitotic 
endpoint is interpreted in the context of active developmental 
hepatocyte proliferation [17] and does not establish adult liver 
regeneration, equivalence between treatments, or long-term 
safety.

Taken together, the results support FPE as a chemically active 
pumpkin preparation associated with increased microcirculatory 
index after local application. The literature strengthens the 
biological plausibility of this observation by documenting 
phenolic constituents in pumpkin tissues, erythrocyte membrane 
interactions with pumpkin extracts, and rheological effects of 
selected flavonoids. The contribution of the present study is 
therefore a coherent experimental starting point for connecting 
preparation-related chemical properties with microvascular 
function. Establishing this connection through standardised 
extracts and direct vascular and erythrocyte measurements in 
further investigations would clarify the functional significance 
of the observed response.
Strengths and Limitations.

A strength of this study is the integration of chemical 
characterisation, acute hepatic assessment, and paired 
microcirculatory measurements in two experimental stasis 
models. This approach brings together complementary 
observations and provides a basis for investigating relationships 
between FPE composition and microvascular responses.

The study was designed as an exploratory investigation using 
a single plant lot and small animal groups. Chemical assays 
characterised total phenolic and flavonoid indices and DPPH 
radical-scavenging activity, while the hepatic observations 
described the immediate post-exposure response. Pooled 
correlations demonstrated associations across the tested 
extracts. Chemical antioxidant activity was assessed using 
the DPPH assay alone. Complementary 2,2'-azino-bis(3-

ethylbenzothiazoline-6-sulfonic acid (ABTS) or Fluorescence 
Recovery After Photobleaching (FRAP) measurements would 
strengthen the characterisation of the extract’s antioxidant 
property.

Microcirculatory confidence intervals and effect sizes were 
estimated from rounded summary statistics and should therefore 
be interpreted as approximate. Changes were assessed relative 
to the post-stasis, pre-FPE condition rather than the original pre-
stasis baseline.

These features define the experimental scope and guide further 
work. Evaluation of independent extract batches, detailed 
phytochemical profiling, and longer-term biological assessments 
would strengthen the evidence and clarify the mechanisms 
underlying the observed microcirculatory responses.
Conclusion.

Dry flesh-with-peel extract from the tested Cucurbita moschata 
lot exhibited the highest phenolic and flavonoid indices and 
DPPH radical-scavenging activity among the three preparations. 
Acute hepatic observations showed broadly preserved tissue 
architecture and no statistically significant change in neonatal 
hepatocyte mitotic activity. Local FPE application was followed 
by significant increases in the microcirculatory index in both 
experimental stasis models. These complementary findings 
support further investigation of standardised FPE preparations 
and the constituents potentially involved in their microvascular 
responses.
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