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Abstract: Natural preservatives derived from medicinal plants require a thorough
safety evaluation before they can be used in food. Ginggiang has traditionally been
used by the Kuta indigenous community in Ciamis, West Java, Indonesia, to preserve
palm sap; however, its safety profile has not been evaluated. In this study, a solid
preservative preparation was developed from the decolorized ethanolic extract of
ginggiang leaves (SPP-ED), and its safety profile was assessed after repeated oral
administration. The study focused on subchronic oral toxicity and identified the
target organs affected by repeated exposure to SPP-ED. In a 90-day experiment, both
male and female Wistar rats received SPP-ED at doses of 45, 150, or 1500 mg/kg
body weight per day. Satellite groups were included to evaluate recovery. Various
parameters, including behavioral, hematological, biochemical, urinalysis, organ index,
and histopathological evaluations, were systematically analyzed. No mortality was
observed during the study. The results showed that subchronic exposure to SPP-ED
had sex-specific effects: female rats experienced renal alterations, characterized by
changes in urinalysis, elevated blood urea nitrogen and creatinine levels, and signs of
tubular degeneration. In contrast, male rats exhibited pulmonary changes, including
an increased lung-to-body weight ratio, alveolitis, and fibrosis. The D1 dose (45
mg/kg body weight/day) was the lowest dose at which potentially adverse
histopathological changes were observed; however, a definitive NOAEL and LOAEL
could not be established. Further studies using lower dose levels are warranted to
better characterize the dose-response relationship and establish the NOAEL and
LOAEL of SPP-ED.

Introduction
The potential for developing natural preservatives is
growing alongside increasing scientific evidence regarding
various natural substances that possess antimicrobial
activity (1). Traditional preservative practices have also
inspired research aimed at supporting their wider
application (2). These natural preservatives are expected to
serve as alternatives to synthetic preservatives, which have
long been in use but carry potential adverse health effects,
and the emergence of preservative-tolerant
microorganisms (3, 4). However, a comprehensive
toxicological evaluation is essential before these
preservatives can be utilized on a broader scale.

Ginggiang (Leea aequata L.) is a shrub traditionally
used as a preservative for palm sap, an important raw
material in the production of brown sugar. This practice

remains prevalent in the Kuta indigenous community in
Ciamis, Indonesia. Preservation is achieved by soaking the
plant's dry leaves in a container with its sap. This practice
has proven effective in delaying spoilage and maintaining
the quality of palm sap before processing. The use of
ginggiang leaves has been passed down through
generations without any documented adverse health
effects. However, empirical evidence alone is insufficient,
making comprehensive toxicity testing essential (5, 6).
Such testing is particularly important given that the
ginggiang leaves are being formulated into a solid product
intended for broader application.

In addition, ginggiang has a variety of empirical
applications in the community, including its use as an
antiseptic for the treatment of leprosy wounds (7). In
addition, it serves important functions as an anesthetic,
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antipyretic,c and anti-itch agent, as well as for the
management of bronchitis and tuberculosis (8). Several

studies have also been conducted to develop
preservatives derived from ginggiang, as the plant
possesses significant antimicrobial properties,

demonstrating efficacy as both an antibacterial and
antifungal agent (8, 9). Based on these findings, a solid
preservative preparation derived from decolorized
ethanolic extract of ginggiang leaves (SPP-ED) was
developed to improve handling, storage stability, and its
application. However, its antimicrobial activity has been
proven (10). The systemic safety following repeated oral
exposure has not been investigated.

A comprehensive toxicological evaluation is required
to establish the safety profile. The evaluation is conducted
to generate health-based guidance values (HBGVs) (5, 11).
According to the Organization for Economic Co-Operation
and Development (OECD), repeated-dose toxicity studies
provide the basis for identifying the No-Observed-
Adverse-Effect-Level (NOAEL) and the Lowest-Observed-
Adverse-Effect-Level (LOAEL) (5). The NOAEL or LOAEL is
subsequently used as the reference point for deriving the
acceptable daily intake (ADI) through the application of
appropriate uncertainty factors (11, 12). A 90-day oral
toxicity study is considered the standard approach for
detecting cumulative toxic effects, identifying target
organs, and characterizing dose-response relationships
after repeated exposure. All these stages are included in
food safety assessments (5, 13).

Experimental Section

Materials and Apparatus

The materials used in this study were a solid preservative
preparation derived from decolorized ethanolic extract of
ginggiang leaves (SPP-ED) as the test extract, standard
laboratory rodent feed, and distilled water for drinking.
Reagents for hematological and biochemical analyses
included commercially available diagnostic kits for
glucose, total cholesterol, triglycerides, HDL cholesterol,
LDL cholesterol, alkaline phosphatase, blood urea nitrogen
(BUN), creatinine, total protein, albumin, potassium,
glutamic-oxaloacetic transaminase (GOT), and glutamic
pyruvic transaminase (GPT) (DiaSys Diagnostic Systems
GmbH, Holzheim, Germany). Histological reagents
comprised hematoxylin monohydrate and eosin Y (Merck
KGaA, Darmstadt, Germany), paraffin wax, xylene, ethanol
series, and 10% neutral buffered formalin.

The major equipments used were an oral gavage
sonde (Instech Laboratories Inc., Plymouth Meeting, PA,
USA), metabolic cages (Tecniplast, Buguggiate, Italy),
analytical balance (Sartorius AG, Gottingen, Germany),
centrifuge  (Eppendorf AG, Hamburg, Germany),
hematology analyzer (Exigo™, Boule Diagnostics AB,
Stockholm,  Sweden), microplate reader (Bio-Rad
Laboratories, Hercules, CA, USA), rotary microtome (Leica
Biosystems, Wetzlar, Germany), and ultrasonic bath
(Branson Ultrasonics, Danbury, CT, USA).

All experimental procedures involving animals were
conducted in accordance with Indonesian regulations on
animal experimentation and internationally accepted
guidelines for the care and use of laboratory animals (14).
The study protocol was reviewed and approved by the
Ethics Committee for the Use of Experimental Animals at
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the Institut Teknologi Bandung (Approval No.
KEP/1/2023/V11/H230623PP/TSEG). No unexpected hazards
or unusual risks were encountered during the
experimental procedures. Standard laboratory safety
protocols were strictly adhered to in the study.

Experimental Animals

Healthy male and female Wistar rats aged 8 weeks were
used in this study. The animals were obtained from a local
rat breeder in Bandung, West Java, Indonesia. A total of 84
rats (42 males and 42 females) were used in this study. The
animals were acclimated for 7 days before treatment and
randomly assigned to six experimental groups for each
sex: control (C), satellite control (CS), low-dose group (D1),
medium-dose group (D2), high-dose group (D3), and
high-dose satellite group (D3S). The initial body weight
was 197.17 £ 13.14 g in males and 186.26 + 17.56 g in
females.

In Vivo Test

Extract Preparation and Formulation

Ginggiang leaves were obtained from Ciamis, Indonesia,
on January 10, 2023. The plant material was taxonomically
authenticated at the Herbarium Jatinangor, Laboratory of
Plant Taxonomy, Department of Biology, Faculty of
Mathematics  and Natural Sciences, Universitas
Padjadjaran, Indonesia. The plant was identified as L.
aequata L. (Identification No. 33/HB/01/2023). In addition,
the extraction and formulation processes were carried out
at the Laboratory of Pharmacognosy, Faculty of Pharmacy,
Universitas Bhakti Kencana, Indonesia. The extract was
prepared by maceration with 96% ethanol, followed by
decolorization with powdered activated carbon (2 g/100
mL extract), then concentrated, oven-dried at 45 °C, and
formulated with microcrystalline cellulose (1:1) to obtain
SPP-ED.

Dose Selection and Study Design

Dose levels were selected based on previously published
efficacy data of a solid preservative preparation from
ginggiang leaves (9). The low (45 mg/kg bw/day; D1) and
middle (150 mg/kg bw/day; D2) doses corresponded to
approximately 50-fold multiples of the lower and upper
effective dose range identified in preservative efficacy
studies (9). In addition, the high dose (1500 mg/kg
bw/day; D3) was set at 10 times the middle dose to
provide an adequate safety margin and to allow
identification of potential target organs following repeated
exposure, in accordance with general principles of
subchronic toxicity testing.

Treatment and Recovery Period

The respective treatments were administered once daily
for 90 consecutive days. At the end of the 90-day
treatment period, the C, D1, D2, and D3 groups underwent
the scheduled toxicological evaluations. The CS and D3S
were maintained for an additional 30-day treatment-free
recovery period. The satellite animals were subsequently
evaluated at the end of the recovery period to assess the
persistence or reversibility of treatment-related effects.

Toxicological Evaluation

Throughout the 90-day treatment period and the
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subsequent recovery period, the animals were observed
daily for mortality, clinical signs, and behavioral changes.
Body weight, feed consumption, and water consumption
were recorded weekly. Urinalysis was performed at the end
of the treatment and recovery periods. Hematological and
biochemical examinations were conducted on the day
following completion of the respective treatment or
recovery period. At the end of each observation period,
the animals were euthanized and subjected to necropsy,
organ-weight  assessment, and  histopathological
examination.

Histopathological Examination

At the end of the testing period, the animals were
dissected. The liver, heart, lungs, kidneys, and spleen were
collected. The organs were fixed in 10% neutral buffered
formalin (NBF). The tissues were then processed according
to routine histopathology  procedures, including
dehydration, clearing, paraffin infiltration, and paraffin
embedding. The paraffin-embedded tissues were
sectioned using a microtome, mounted on glass slides,
and stained with hematoxylin and eosin (H& E). The
stained sections were examined microscopically for
histopathological alterations.

Histopathological evaluation was performed by a
veterinarian with expertise in veterinary pathology at the
Faculty of Veterinary Medicine, Universitas Gadjah Mada,
Yogyakarta, Indonesia. Histopathological alterations were
assessed semi-quantitatively using an ordinal scoring
system. Lesions in the liver, heart, and kidneys were scored
on a 0-3 scale, whereas lesions in the spleen were scored
on a 0-4 scale. Alveolitis and pulmonary fibrosis were
scored based on the percentage of affected lung area
using a scale of 0-4 (0 = no lesion, 1 = lesion affecting
<25% of the area, 2 = lesion affecting 26-50% of the area,
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3 = lesion affecting 51-75% of the area, and 4 = lesion
affecting 276% of the area). Four animals were randomly
selected from each  experimental group for
histopathological evaluation.

Statistical Analysis

Data were expressed as mean = SD and analyzed using
one-way Analysis of Variance (ANOVA) followed by post
hoc test (LSD) when applicable. LSD was applied as an
exploratory post hoc test following a significant ANOVA
result. Statistical significance was set at p < 0.05. For
descriptive interpretation of the magnitude of statistical
evidence, p < 0.001, p < 0.05, and p < 0.1 were indicated
separately in the table using different superscript symbols.
P < 0.1 interpreted as a statistical trend rather than
statistical significance.

Results

Behavioral Observation

Subchronic oral exposure to SPP-ED for 90 days caused no
mortality or overt signs of systemic toxicity during either
the treatment or recovery periods. No abnormal secretions
or gross behavioral disturbances were observed. However,
at the highest dose (D3), male rats exhibited a significant
reduction in motor activity (p < 0.05), whereas females
showed a non-significant decrease. Female rats receiving
D1 and D2 showed significantly increased exploratory
behavior, as indicated by a higher number of head dips (p
< 0.05). Increased head-dip frequency was commonly
associated with enhanced exploratory activity and reduced
anxiety-related behavior (15, 16). Constipation was
observed in male rats at high doses but was absent in

females.
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Figure 1. Average daily feed and water consumption of Wistar rats during 90-day oral administration of SPP-ED. (A)
Average daily water consumption of female rats; (B) Average daily water consumption of male rats; (C) Average daily feed
consumption of female rats; (D) Average daily feed consumption of male rats. Data are presented as mean + SD (n=7).
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Body Weight, Water, and Feed Consumption

In male rats, feed consumption and body weight gain were
not significantly affected by SPP-ED treatment (Figure 1).
However, water intake was significantly higher at D2 than
in the controls. In female rats, D1 significantly reduced
feed and water intake (p < 0.05), whereas D2 showed a
similar, non-significant trend. D3 significantly increased
water consumption (p < 0.05). No significant differences in
body weight gain were observed in either sex during the
treatment period, although females showed a slight, non-
significant reduction compared with controls. During the
recovery phase, satellite groups showed a general trend of
decreased body weight, while male satellite controls
continued to gain weight, though the increase was not
statistically significant (Figure 2).
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Urinalysis

Urinalysis showed abnormalities in urine color, odor,
turbidity, volume, and specific gravity in female rats D2
and D3 (Table 1). Statistical analysis of the quantitative
parameters showed no significant difference in pH among
the groups in either sex. In male rats, urine volume and
specific gravity did not differ significantly among groups.
In female rats, urine volume and specific gravity differed
significantly among groups, with the D3 group showing a
significantly lower urine volume and a higher specific
gravity than the C group (p < 0.05).

Hematology

Hematological parameters showed dose-and
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Figure 2. Changes in body weight of male and female Wistar rats during the treatment and recovery periods following
repeated oral administration of SPP-ED. (A) Male rats during the treatment period; (B) male rats during the recovery
period; (C) female rats during the treatment period; (D) female rats during the recovery period. Values are presented as
mean + SD (n=7).

Table 1. Urinalysis parameters of male and female Wistar rats after 90-day oral administration of SPP-ED and after the
recovery period (mean + SD, n=7).

Urinalysis Test group
Parameter C D1 D2 D3 cs D3S
Male
Yellow, Yellow, . Yellow, Yellow, Yellow,
. L L Yellow, distinctive odor L L L
Organoleptic  distinctive odor distinctive . distinctive odor  distinctive distinctive
. . of urine . . .

of urine odor of urine of urine odor of urine odor of urine
Volume (mL)  10.29 + 5.59 10.86 + 5.64 7.00 * 3.52 8.86 + 3.63 12.14 + 7.67 6.86 + 3.44
pH 6.57 + 1.13 6.86 + 0.90 6.17 + 0.41 6.71 + 0.95 7.00 + 1.41  6.86 + 1.46
SG (g/ml) 1.11 + 0.03 1.11+0.04 1.10 £ 0.02 1.08 + 0.02 1.09 + 0.05 1.09 + 0.02

Female
Clear to light Clear, Yellow, Yellow,
. yellow, L Clear/yellow/brown, Yellow/brown, S S

Organoleptic 7=~ =", distinctive . distinctive distinctive

distinctive odor . slightly cloudy, odorless cloudy, odorless . .

of urine odor of urine odor of urine odor of urine
Volume (mL)  14.00 £ 7.02 10.00 £ 593 12.67 + 5.01 6.38 + 4.06° 20.67 £ 8.16 12.00 + 3.46
pH 6.57 + 0.98 7.00+ 110  6.50 + 0.84 6.57 + 0.98 733+121 743+098
SG (g/ml) 1.10 + 0.06 110+ 0.02 1.13 £ 0.03 1.15 £ 0.09P 1.05+0.02 1.07 £ 0.03

Note: SG = specific gravity; C: control; D1-D3: SPP-ED doses at 45, 150, and 1500 mg/kg body weight/day; CS: satellite
control; D3S: satellite D3. PSignificantly different from the C (p < 0.05).
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Table 2. Hematological parameters of male and female Wistar rats following 90-day repeated oral administration of SPP-
ED and after the recovery period (mean + SD, n=7).

Testing periode

Reversibility period

Group C D1 D2 D3 cs D3s
Male

WBC (x102/ul) 29.54 + 9.56 1949 + 426 2172 +520° 2530+ 658 3597 + 694  27.31 + 6.71
LYM (102/ul) 1317 391 1003 + 241> 1080 + 254° 1163+ 179 1874+ 295  16.89 + 447
MON (x102/ul) 124 +053 209 + 052< 208 +101° 189+ 138° 163 + 121 196 + 0.49¢
GRA (x102/ul) 1513 + 607 767 + 168 883 + 2.31 1179+ 450 1459 + 429 847 + 2.80
HGB (g/dL) 1426 + 084 1314 +100° 1345+097 1289 +098° 1356+ 062  13.79 + 0.69
MCH (pg) 1671+ 028 1721 +089  17.05+060 1661+ 043 1676+ 043  16.77 + 047
MCHC (g/dl)  42.03 095 4176+ 108 4175+ 057 4127 + 044 4304+ 054  42.74 + 0.69
RBC (x106/ul) 852+ 053 766079  791+075  775+059° 810+036 823 +053
MCV (fL) 3089 + 138 4130 +273% 4083 + 188 4031126 3897 +106 3930 + 148
HCT (%) 3394 + 142 3147 +194  3223+206 3123 +208 3156+ 124 3230+ 1.35
RDW (%) 1826 + 060 1824 + 060 1810 +039 1874+ 117 1826 +035  17.90 + 025
PLT (x103/ul)  361.14 + 1678 399.29 + 13.06 339.17 + 1837 31103 + 17.70 348.14 + 2470 44171 + 1875
MPV (L) 574+ 024  566+038  585+049  563+024  551+037 566052

Female
WBC (102/ul) 20.96 + 524 2813 +589° 2330+ 474 2096+ 280 1919 +397 1934 + 520
LYM (x102/pl) 1211+ 292 1583 +340° 1197 +143 1154+ 189 1086 +232  10.87 + 349
MON (x102/ul) 1.66 + 0.91 260 + 083 175 + 0.59 177 + 053 156 + 0.71 194 + 0.40
GRA (x102/ul) 7.19+190  970+288  958+372 764+ 121 677 +166 653+ 179
HGB (g/dL) 1327+ 038 1388+ 047 1338 +084 1300+ 082 1349+ 034 1320 + 096
MCH (pg) 1767 + 054  1785+019  17.72+050 1779+ 061 1790+ 026  17.77 + 042
MCHC (g/dL)  41.80 + 044 4225+ 035° 4213+ 024 4130+ 060 4244+ 012 4141 + 062
RBC (x106/pl)  7.53 + 025 778 +023  7.56+ 045 732+ 048  755+026 743 + 0.61
MCV (fL) 4173059  4230+070 4207 +130  4304+190 4220+ 066 4294+ 152
HCT (%) 3173 +091 3290+ 115 3178+ 184 3147 +176 3183 +079  31.84 + 202
RDW (%) 1734+ 042 1738+ 058  17.17+036 1696+ 028 1684 +0.16  16.96 + 0.28
PLT (x103/ul) 45571+ 1550 417.83 + 1144 42300 + 1898 332.14 + 10.10 31529 + 11.56 377.86 + 17.72
MPV (L) 743 + 421 573+017 557 +024 574+ 021 606 +018 593+ 029

WBC: white blood cell; LYM: lymphocytes; MON: monocytes; GRA: granulocytes; RBC: red blood cells; HGB: hemoglobin;
HCT: hematocrit; MCV: mean corpuscular volume; MCH: mean corpuscular hemoglobin; MCHC: mean corpuscular
hemoglobin concentration; RDW: red distribution width; PLT: platelets; MPV: mean platelet volume. 2 p < 0.1; ° p < 0.05;
¢ p < 0.001 vs control (one-way ANOVA followed by post hoc test)

sex-dependent changes (Table 2). In male rats, total
leukocyte counts were reduced at D1, and lymphocyte
counts were significantly reduced at D1 and D2 (p < 0.05).
Monocyte counts were increased in the D1, D2, D3, and
D3S groups (p < 0.001). Hemoglobin and red blood cell
counts were reduced at D1 and D2 (p < 0.05). In female
rats, significant hematological changes were primarily
observed at D1, including increased total leukocyte and
lymphocyte counts and a higher mean corpuscular
hemoglobin concentration (P < 0.05).

In male rats, WBC and lymphocyte counts decreased
at selected dose levels, while monocyte counts increased.
Increased monocyte counts may reflect inflammatory or
immune responses. Although monocytosis is not specific
to a particular inflammatory condition (17). The absence of
a consistent dose-dependent pattern and the lack of
corresponding clinical signs limit the interpretation of
these changes as evidence of hematological toxicity.

The reduction in hemoglobin and RBC counts
observed at D1 and D2 may indicate a mild alteration in
erythroid parameters (18). However, the absence of a
consistent dose-related response and the limited changes
in other erythrocyte indices suggest that these findings

should be interpreted with caution rather than as definitive
evidence of anemia. Hematological changes should be
interpreted based on the overall erythrocyte profile,
including RBC count, hemoglobin, hematocrit, and
erythrocyte indices, rather than on individual parameters
alone (18, 19).

In female rats, the hematological changes were
observed primarily on D1. This phenomenon was
characterized by increases in WBC and lymphocyte counts,
as well as in MCHC. These changes were not consistently
observed at higher doses; a direct dose-related
toxicological effect cannot be established from the
hematological findings alone.

Serum Biochemical Parameters

Biochemical analysis showed significant alterations in
renal-related parameters (Table 3). In male rats, glucose
concentrations were significantly increased in D1, D2, and
D3 (p < 0.05), while total cholesterol concentration was
significantly decreased at D2 and D3 (p < 0.05). BUN was
markedly increased at D1, D2, and D3 (p < 0.001), whereas
creatinine was significantly decreased at the same dose
levels (p < 0.001). Potassium concentrations were
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Table 3. Serum biochemical parameters of male and female Wistar rats after 90-day exposure to SPP-ED and following
the recovery period (mean + SD, n=7).
Testing period

Parameters

C
Glucose (mg/dL) 86.71 + 2.71
Total cholesterol (mg/dL) 85.78 + 22.43
LDL (mg/dL) 34.03 + 8.55
HDL (mg/dL) 1821 + 7.71
Triglyceride (mg/dL) 92.94 + 6.09
GPT (U/L) 19.86 + 6.28
GOT (U/L) 4827 + 10.75
Alkaline phosphatase 103.24 +
(U/L) 19.45
BUN (mg/dL) 52.16 + 18.41
Creatinine (mg/dL) 23.65 + 4.82
Total protein (g/dL) 9.04 + 0.95
Albumin (g/dL) 440 + 0.98
Kalium (mmol/L) 9.52 +6.13
Glucose (mg/dL) 83.00 + 9.59
Total cholesterol (mg/dL) 75.55 + 10.89
LDL (mg/dL) 20.11 + 8.35
HDL (mg/dL) 35.89 + 7.27

. . 107.10 +

Triglyceride (mg/dL) 12.96
GPT (U/L) 12.40 + 6.00
GOT (U/L) 25.47 + 10.63
Alkaline phosphatase

38.74 + 9.58
(U/L)
BUN (mg/dL) 5761 + 1144
Creatinine (mg/dL) 8.46 + 0.46
Total protein (g/dL) 7.0 £ 235
Albumin (g/dL) 3.77 + 046
Kalium (mmol/L) 6.25 +2.13

D1 D2
Male
101.14 + b
AP 109.00 + 7.92
83.58 + 17.39 74.12 + 10.98P
28.00 + 11.04 33.78 + 13.02
3420 + 1299 3384 + 17.26
97.27 +9.15  96.90 + 7.37
1897 + 406 2341 + 10.61
4592 +9.92  64.34 + 38.49
73.98 + 18.98% 89.80 + 22.27
101.68 + 101.27 +
13.45°¢ 15.82¢
14.97 + 3.42¢  16.99 + 4.17¢
7.83 + 0.71 7.77 + 0.96
334+022  375+049
9.29 + 4.06 11.33 + 2.52P
Female
80.00 £ 7.00 83.17 + 8.49
70.59 + 848  66.70 + 9.60
1252 + 826  13.65 + 8.42
35.65 + 6.58  32.62 + 9.04
101.88 + 9.80 102.13 + 4.83
1371 +8.16 1163 +3.18
2639+ 919 3154 + 877
2291 + 446> 3231+ 850
5492 + 11.69 79.72 + 25.37b
706 +069  7.02+ 157
6314229 695+ 224
315+032 347 +028
770+ 470 864 +3.14

D3

102.86 +
18.54°

79.25 + 22.06P
23.15 + 5.56
3243 + 14.15
97.12 + 5.65
18.78 + 4.08
64.80 + 15.94

90.49 £ 20.79

104.46 +
21.98°

16.44 + 2.31¢
8.63 + 0.94
461 +0.76
11.18 + 1.83b

80.50 £ 2.50

76.19 £ 9.00
23.83 £ 6.97
28.10 £ 12.64

98.39 + 853

12.69 + 4.13
31.16 £ 4.80

44.05 + 10.28

77.19 + 11.71P
13.89 + 5.76°
7.76 + 1.07
3.94 + 0.54
7.07 + 3.27

Reversibility period

cs

98.86 + 14.46

96.17 + 8.64
36.74 + 9.75
45.20 + 7.20
89.34 £ 6.77
22.25 £ 894
53.83 £ 20.83
109.59 +
27.98

37.50 £ 9.82

22.18 £ 0.56
6.86 + 0.63
2.72 £ 0.30
9.46 + 2.68

98.29 £ 8.40

78.28 £ 10.19
25.21 £9.39
27.55 + 8.58
110.06
10.87

10.55 = 3.60
24.00 £ 8.21

29.60 £ 6.32

69.68 + 12.17
6.11 + 2.19
7.03 £ 143
3.80 + 0.32
5.26 + 1.29

D3S

92.86 £ 6.77

97.24 £ 11.08
40.96 + 9.58
39.31 £ 6.38
93.78 £ 5.03
2190 £ 3.26
48.83 + 9.97

78.22 £ 14.26

56.86 + 9.90

2146 + 0.39
7.13 £ 0.50
3.76 + 0.32
8.57 + 4.87

11843 +
13.05P

71.73 + 15.05
13.89 + 9.08
32.33 + 6.95

99.73 £ 10.09

11.53 + 4.62
20.94 £ 5.23

53.01 + 12.70P

60.14 + 23.78
12.55 + 4.13P
7.94 + 1.15
420 + 043
8.46 + 2.22

Note: BUN: blood urea nitrogen; GPT: glutamic pyruvic transaminase (ALT); GOT: glutamic oxaloacetic transaminase
(AST).2p < 0.1; 2 p < 0.05; ¢ p < 0.001 vs control (one-way ANOVA followed by post hoc test).

Table 4. Organ index in male Wistar rats after 90-day oral administration of SPP-ED and after the recovery period (mean

Group Liver

R +
C oo
S ore
D1 o

. +
02 5
03 455"
D3s  o5e

Lung

0.63 +£0.18
0.62 £ 0.11
0.80 + 0.33

0.54 + 0.04

146 +
1.48¢

0.54 £ 0.10

Heart

0.36 + 0.04
0.34 + 0.02
0.38 + 0.03
0.34 £ 0.01

0.39 £ 0.04

0.30 +
0.02°

+ SD, n=7).
Kidney Adrenal Spleen Thymus
064+ 00262+ 0.09 +
0.10 0.00 0.35£006 ) 3
074+ 00272+ 011+
012 0.00 R BOE G o
071+ 00267+ 028+ 010+
0.07 0.00 0.06° 0.04
064+ 00223+ 0.09 +
0.03 001 031£004 ;5
072+ 00277 + 0.10 +
0.05 0.01 034 £005 55y
067+ 00223+ 0.09 +
0.07 001 0.34 007 5,

Seminal
vesicle

0.50 + 0.07

0.49 + 0.06

0.47 + 0.05

0.48 + 0.06

0.44 + 0.09°

0.49 + 0.05

Note: Organ index = (organ weight/body weight) x 100%. 2 p < 0.1; ® p < 0.05; < p < 0.001 vs control.

Testicles

1.03 +
0.22
1.04 +
0.14
1.08 +
0.13
1.02 +
0.08
1.02 +
0.06
0.98 +
0.16
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Table 5. Organ index in female Wistar rats after 90-day oral administration of SPP-ED and after the recovery period
(mean % SD, n=7).

Group Liver Lung Heart Kidney Adrenal Spleen Thymus Ovary Uterus
C g:gg * 8:;':’ * gzgi t 063+004 828':’39 * 036+003 0.15 + 003 8:8?08 t 0294008
cs (3):;; * 82(5)2 * 8;3: 065+ 004 828?47 * 032+004 013 +003 g:gf“ * gjf;;*
D1 (2)12‘? * 3132 * gigibi 0.66 + 0.09 8:8?80 * 037+020 0.16 + 0.03 828?78 * 029+008
D2 (2)2171;5 8:(5)2 * 8232 t 058+007 828386 * 8:(2)23 0.12 + 001 8;8?31 t 028 +009
D3 g:lg * 82?; * 8232 * 062+009 8:8?76 * 034+007 013003 8:8?21 * 024009
D3S g:gi * 8182 * 8:3‘21’;‘ 0.65 + 0.04 818376 * 035+004 0.14 + 0.04 8;8?74 * 81125

Note: Organ index = (organ weight/body weight) x 100%. C: control; D1-D3: SPP-ED doses 45, 150, and 1500 mg/kg
body weight/day; CS: satellite control; D3S: satellite D3.# p < 0.1; ® p < 0.05; € p < 0.001 vs control.

Figure 3. Representative histopathological images of various organs from Wistar rats following 90-day oral
administration of SPP-ED (H&E staining). (A) Normal liver architecture in control rats; (B) Liver tissue from SPP-ED-treated
rats showing hepatocyte degeneration (white arrows), inflammatory cell infiltration (blue arrows), and congestion (orange

arrows) (magnification x400); (C) Normal myocardial structure in control rats; (D) Heart tissue from SPP-ED-treated rats
showing necrosis (black arrows), inflammatory cell infiltration (blue arrows), and vascular congestion (orange arrows)
(magnification x400); (E) Normal renal architecture in control rats; (F) Kidney tissue from SPP-ED-treated rats showing

tubular necrosis (orange arrow), tubular dilation and atrophy (blue arrow), hemorrhage (red arrow), and tubular

degeneration (green arrow) (magnification x400); (G) Normal lung architecture in control rats; (H) Lung tissue from SPP-

ED-treated rats showing alveolitis (blue line) and pulmonary fibrosis (yellow line) (magnification x200); (I) Normal splenic
architecture in control rats; (J) Spleen tissue from SPP-ED-treated rats showing fibrosis (blue arrows) and necrosis (red

arrows) (magnification x400).
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significantly increased at D2 and D3 (p < 0.05). No
statistically significant differences were observed in LDL,
HDL, triglycerides, GPT, GOT, total protein, or albumin.

In female rats, BUN was significantly increased at D2
and D3 (p < 0.05), accompanied by increased creatinine
concentrations at D3 and D3S (p < 0.05). Glucose
concentrations were significantly increased at D3S (p <
0.05). Alkaline phosphatase concentrations showed a
significant decrease at D1 and a significant increase at D3S
(p < 0.05). No statistically significant differences were
observed in total cholesterol, LDL, HDL, triglycerides, GPT,
GOT, total protein, albumin, or potassium concentrations.

Organ Index

Significant changes in organ indices were observed in a
sex-specific manner. In male rats (Table 4), the lung index
was increased at D3 compared to the C (p < 0.001). A
statistical trend toward a lower spleen index was observed
in D1 (p < 0.1). No statistically significant differences were
observed in the liver, heart, kidney, adrenal gland, thymus,
seminal vesicles, or testes index.

In female rats (Table 5), a statistical trend toward a
lower liver index was observed at D2 (p < 0.1), while the
heart index was significantly increased at D1 (p < 0.05).
The spleen index showed a trend toward a decrease at D2
(p < 0.1). The uterus index was significantly increased in
the D3S (p < 0.05). No statistically significant differences
were observed in the lung, kidney, adrenal gland, or ovary
indices.

ETFLIN Portfolio

Histopathological Results

Histopathological ~examination revealed microscopic
alterations in the liver, heart, kidney, lung, and spleen
(Tables 6-10). In the liver, changes were assessed using
scores for inflammatory cell infiltration and congestion. In
male rats, inflammatory cell infiltration increased in groups
D1, D2, and D3 (p < 0.001) and D3S (p < 0.05). Meanwhile,
in female rats, inflammatory cell infiltration increased in
groups D2 and D3 (p < 0.001) and D3S (p < 0.05).
Histological findings of the liver are shown in Figure
3A and 3B, and the scores are presented in Table 6.

In the heart, several treatment groups exhibited
significant changes (Table 7). In the hearts of male rats,
inflammatory cell infiltration and congestion increased at
D1 (p < 0.05), D2 (p < 0.001), and D3 (p < 0.05), whereas in
female rats, congestion and edema increased at D2 and
D3 (p < 0.001).

Renal histopathological changes were more
pronounced in female rats. As shown in Figure 3E, 3F, and
Table 8, tubular degeneration increased significantly at D1
(p < 0.05), D2 (p < 0.001), D3 (p < 0.001), and D3S (p <
0.001). Hyperemia/hemorrhage also increased at D3 (p <
0.1) and D3S (p < 0.05). These findings were consistent
with reduced urine volume, increased specific gravity, and
elevated BUN and creatinine levels in female rats,
suggesting structural and functional alterations in the
kidneys. In male rats, degeneration increased at D3 (p <
0.001) and necrosis at D2 (p < 0.001), but the changes
were less consistent. Overall, the findings indicate a more

Table 6. Semi-quantitative histopathological scores of liver tissue in male and female Wistar rats after 90-day repeated
oral administration of SPP-ED and after a recovery period (mean * SD, n=4).

Average score
Group

Male Female

D N 1 C D N 1 C
C 0.00 £ 0.00 0.00 + 0.00 0.25+0.50 0.00+0.00 0.00+0.00 0.00+0.00 1.00+0.00 0.50 + 0.58
CS 0.00 £ 0.00 0.00 + 0.00 0.25+0.50 0.00+0.00 0.00+ 0.00 0.00+0.00 1.00 +0.00 0.50 + 0.58
D1 0.00 + 0.00 0.00 + 0.00 1.75 + 0.50° 1.25 + 0.96° 0.75 + 0.96° 0.00 + 0.00 1.00 + 0.00  1.00 + 0.82
D2 0.00 £ 0.00 0.00 + 0.00 1.25 + 0.50¢ 1.75 + 0.50¢ 0.00 + 0.00 0.00 + 0.00 2.00 + 0.00¢ 0.75 + 0.50
D3 0.00 £ 0.00 0.00 + 0.00 1.50 + 0.58¢ 1.75 +0.50¢ 0.00 + 0.00 0.00 + 0.00 2.50 + 0.58° 0.50 + 0.58
D3S 0.00 + 0.00 0.00 + 0.00 1.00 + 0.00° 1.00 + 0.82° 1.00 + 0.00° 0.00 + 0.00 1.75 + 0.50° 0.50 + 0.58
Note: D = degeneration; N = necrosis; | = inflammatory cell infiltration; C = congestion. Histopathological changes were

scored semi-quantitatively on a scale of 0-3 (0 = normal, 1 = mild, 2 = moderate, 3 = severe). C: control; D1-D3: SPP-ED
doses of 45, 150, and 1500 mg/kg body weight/day, respectively; CS: satellite control; D3S: high-dose recovery group. ?
p < 0.1; P p < 0.05; ¢ p < 0.001 vs control (one-way ANOVA followed by post hoc test).

Table 7. Semi-quantitative histopathological scores of heart tissue in male and female Wistar rats following 90-day oral
exposure to SPP-ED and after the recovery period (mean + SD, n=4).
Average score

Group Male Female
N I C E N | C E

C 0.00 £+ 0.00 0.25+0.50 050+ 0.58 0.00+0.00 0.00+0.00 0.00+000 0.00+0.00 0.00=0.00
CS 0.00 + 0.00 0.00 + 0.00 0.00 + 0.00 0.00 +0.00 0.00 +0.00 0.00+ 0.00 0.50+0.58 0.00 + 0.00
D1 0.00 + 0.00 1.00 + 0.00° 1.50 + 1.00° 0.00 + 0.00 0.00 + 0.00  1.00 + 0.00° 1.75 + 0.50° 0.00 + 0.00
D2 0.25 + 0.50 2.00 + 0.00¢ 2.75 + 0.50¢ 0.00 £ 0.00 0.00 + 0.00 1.50 + 0.58¢ 1.25 + 0.50¢ 0.00 + 0.00
D3 0.00 + 0.00 1.00 + 0.00° 2.00 + 0.82° 0.00 £ 0.00 0.00 + 0.00 1.25 + 0.50° 2.75 + 0.50° 0.00 + 0.00
D3S 0.00 + 0.00 0.33 +0.58 0.67 +0.58 0.00 + 0.00 0.50 + 0.58° 2.00 + 0.00° 2.50 + 0.58° 0.00 + 0.00
Note: N = necrosis; | = inflammation; C = congestion; E = edema. Histopathological changes were scored semi-

quantitatively on a scale of 0-3 (0 = normal, 1 = mild, 2 = moderate, 3 = severe). ® p < 0.1; b p < 0.05; “p < 0.001 vs
control.
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pronounced renal response in female rats, particularly at
the highest dose.

Lung histopathological changes were more
pronounced in male rats. As shown in Figure 3G, 3H, and
Table 9, alveolitis and pulmonary fibrosis scores were

ETFLIN Portfolio

significantly increased at D1 and D2 (p < 0.05) and at D3
(p < 0.001). In the D3S recovery group, both alveolitis and
fibrosis remained significantly increased (p < 0.001),
indicating that the changes were not completely reversed
after the recovery period. In female rats, alveolitis was

Table 8. Semi-quantitative histopathological scores of kidney tissue in male and female Wistar rats after 90-day oral
administration of SPP-ED and after the recovery period (mean + SD, n = 4).

Average score

Group Male Female
De N H Di De N H Di

C 0.00 £ 0.00 0.00+0.00 0.50+058 1.75+0.50 0.50+0.58 0.00+0.00 0.75+0.50 0.75+ 0.50
CS 0.00 £+ 0.00 0.00+0.00 0.50+0.58 1.00+0.82 0.00+0.00 0.00+000 050+058 1.00 =+ 0.00
D1 0.00 £+ 0.00 050+ 0.58 1.00+0.82 075+ 0962 1.75+ 0.96° 0.00+ 0.00 1.25+0.50 1.00 + 0.00
D2 0.00 + 0.00 1.50 + 1.00° 1.25+ 0.50 1.75 +0.50 2.00 + 0.82° 0.25+ 0.50 1.00 + 0.82  1.25 + 0.96
D3 1.00 + 0.82° 0.00+0.00 1.00+0.82 175+0.50 3.00+0.00° 000+ 000 150+ 058 150+ 1.00
D3S 0.00 + 0.00 0.25+ 050 0.75+ 050 200+ 0.82 250+ 0.58° 0.00 +0.00 225+ 0.50P 0.75 + 0.96

Note: De: degeneration; N: necrosis; H: hyperemia/hemorrhage; Di: tubular dilatation. Histopathological changes were
scored semi-quantitatively on a scale of 0-3 (0 = normal, 1 = mild, 2 = moderate, 3 = severe). * p < 0.1; ° p < 0.05; ¢ p <

0.001 vs control.

Table 9. Semi-quantitative alveolitis and pulmonary fibrosis scores in lung tissue of male and female Wistar rats following
90-day oral administration of SPP-ED and after the recovery period (mean + SD, n = 4).

Average score

Group Parameter
Male Female
C Alveolitis 1.75 + 0.50 1.75 + 0.96
Fibrosis 0.25 £ 0.50 0.50 £+ 0.58
s Alveolitis 1.75 + 0.50 1.25 + 0.50
Fibrosis 1.00 + 1.15 0.25 £ 0.50
Alveolitis 2.75 + 0.50° 3.00 + 0.00°
D1 Fibrosis 1.75 + 0.50° 1.00 + 0.82
D2 Alveolitis 2.75 + 0.50P 2.00 + 0.00
Fibrosis 1.75 + 0.96P 1.25 + 0.50
D3 Alveolitis 3.00 + 0.00¢ 2.25 + 0.50
Fibrosis 2.25 £ 0.50¢ 0.75 + 0.96
Alveolitis 3.00 £ 0.00¢ 3.00 + 0.00P
D35 Fibrosis 2.75 + 0.50¢ 1.00 + 0.00

Note: Alveolitis and pulmonary fibrosis were scored based on the percentage of affected lung area: 0 = no lesion, 1 =
lesion < 25%, 2 = lesion = 26-50%, 3 = lesion = 51-75%, and 4 = lesion > 76%. 2 p < 0.1; b p < 0.05 ¢p < 0.001 vs

control.

Table 10. Semi-quantitative histopathological scores of splenic necrosis and fibrosis in male and female Wistar rats after
90-day oral administration of SPP-ED and following the recovery period (mean + SD, n = 4).

Average score + SD

Group Parameter Male Female
C Necrosis 0.00 + 0.00 0.00 + 0.00
Fibrosis 0.00 £ 0.00 0.00 £ 0.00
cs Necrosis 0.00 + 0.00 0.00 + 0.00
Fibrosis 0.00 £ 0.00 0.25 £ 0.50
D1 Necrosis 0.75 + 0.50° 0.00 + 0.00
Fibrosis 0.00 £ 0.00 0.50 £ 0.58
D2 Necrosis 0.75 + 0.50° 0.00 £ 0.00
Fibrosis 0.00 £ 0.00 0.50 + 0.58
D3 Necrosis 0.50 £+ 0.58 0.25 £ 0.50
Fibrosis 0.25 £ 0.50 0.50 + 0.58
D3S Necrosis 0.25 + 0.50 0.00 + 0.00
Fibrosis 0.00 £ 0.00 1.00 + 0.00°

Note: Splenic lesions were graded on a scale of 04 (0 = normal, 1T = minimal, 2 = mild, 3 = moderate, 4 = severe). ? p <

0.1;° p < 0.05;  p < 0.001 vs control.
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significantly increased at D1 and D3S (p < 0.05), while no
significant difference was observed in pulmonary fibrosis.
Overall, these findings indicate more pronounced
pulmonary histopathological changes in male rats
following SPP-ED administration.

Splenic histopathological changes were relatively
limited compared with those observed in the kidneys and
lungs. As shown in Figure 3l, 3J, and Table 10, splenic
necrosis was significantly increased in male rats at D1 and
D2 (p < 0.05), while no significant increase was observed
at D3 or D3S. In female rats, fibrosis increased significantly
only in the D3S recovery group (p < 0.05). Overall, the
changes were not consistently dose-dependent, indicating
that the spleen was less consistently affected by SPP-ED
administration.

Discussion

Repeated administration of SPP-ED for up to 90 days did
not cause mortality. However, repeated exposure induces
sex-specific biological and histopathological changes. The
kidneys in female rats and the lungs in male rats showed
the most consistent changes.

General Toxicity Profile and Dose-Related Effect

The lack of mortality, severe clinical signs, or marked body
weight loss suggested that SPP-ED did not induce overt
systemic toxicity under the conditions of this study (19).
However, alterations in behavioral parameters, feed and
water intake, hematological parameters, biochemical
markers, organ indices, and histopathological parameters
showed that repeated exposure elicited biologically
relevant responses (20). Changes in feed and water intake
were recognized as sensitive indicators of physiological
stress and early toxicity in subchronic studies, often
preceding overt pathological changes (21, 22).

Renal Histopathological Findings in Female Rats
Consistent changes were observed in the kidneys of
female rats. Abnormal urinalysis parameters, including
changes in urine color, turbidity, volume, and specific
gravity, along with significantly elevated blood urea
nitrogen and creatinine levels, indicated impaired renal
function (20, 23, 24). These functional disturbances were
corroborated by histopathological evidence of tubular
degeneration, hyperemia, and tubular dilatation (23, 25,
26).

Renal tubular degeneration was considered an
adverse outcome because it indicated structural damage
that impaired the kidney's ability to excrete waste and
maintain homeostasis (23, 25). In addition, the persistence
of renal lesions in recovery groups showed incomplete
reversibility at higher doses, reinforcing the classification
of this effect as adverse rather than adaptive (19). From a
regulatory  toxicology  perspective, renal tubular
degeneration observed in female rats may represent an
appropriate endpoint for dose-response analysis and
HBGV derivation (19, 27-29).

Pulmonary Histopathological Findings in Male Rats

Repeated oral exposure to SPP-ED in rats resulted in
pulmonary changes. The high-dose group showed an
increased lung organ index and more severe alveolitis and
fibrosis. Although the control group showed mild alveolitis
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and fibrosis, SPP-ED exposure tended to exacerbate these
effects. The combination of an increased lung organ index
and histopathological alterations, such as alveolitis and
fibrosis, suggests that the lungs are likely affected by
repeated exposure to SPP-ED (30, 31).

Alveolitis and fibrosis persisted in the recovery group.
This suggests that cessation of exposure did not fully
resolve the lung tissue lesions. Persistent lesions may
indicate incomplete reversibility. Therefore, these changes
in the lungs of male rats can be considered an endpoint
for determining HBGV (19).

NOAEL and LOAEL

The NOAEL and LOAEL values for SPP-ED could not be
definitively established in this study. However, the D1 dose
represents the lowest dose at which potentially adverse
histopathological changes were observed. Tubular
degeneration in female rats, as well as alveolitis and
pulmonary fibrosis, were observed in this study.

The D1 dose, the lowest tested dose, was substantially
higher than the estimated human exposure to bread
preserved with SPP-ED at the effective concentration. The
effective preservative dose was 750-1500 mg SPP-ED per
750 g of bread. Based on an estimated daily bread
consumption of 50 g in adults (32), the corresponding
SPP-ED exposure would be approximately 0.83-1.67
mg/kg bw/day for an adult weighing 60 kg. Therefore,
further studies at lower dose levels are warranted to
establish the NOAEL and LOAEL for SPP-ED more
accurately.

Conclusion
Subchronic exposure to SPP-ED for 90 days did not cause

mortality in rats; however, it induced sex-specific biological
and histopathological changes. In female rats, the most
consistent changes were observed in the kidneys,
characterized by urinalysis abnormalities, elevated blood
urea nitrogen and creatinine levels, and renal
histopathological lesions. In male rats, more prominent
changes were observed in the lungs. These changes
included an increase in the lung organ index and more
severe pulmonary lesions. Although the D1 dose (45
mg/kg bw/day) was the lowest dose at which potentially
adverse histopathological changes were observed, a
definitive NOAEL and LOAEL could not be established in
the present study. Further studies at lower dose levels are
therefore warranted to characterize the dose-response
relationship better and establish the NOAEL and LOAEL of
SPP-ED.

Abbreviations

ADlI - Acceptable Daily Intake; ALT - Alanine
Aminotransferase (Glutamic Pyruvic Transaminase, GPT);
ANOVA - Analysis of Variance; AST - Aspartate
Aminotransferase (Glutamic Oxaloacetic Transaminase,
GOT); BUN - Blood Urea Nitrogen; C — Control; CS -
Satellite Control; D1 — Low-Dose Group (45 mg/kg body
weight/day); D2 — Medium-Dose Group (150 mg/kg body
weight/day); D3 — High-Dose Group (1500 mg/kg body
weight/day); D3S - High-Dose Satellite Group; GPT -
Glutamic  Pyruvic Transaminase; GOT - Glutamic
Oxaloacetic Transaminase; GRA - Granulocytes; H -
Hyperemia/Hemorrhage; H& E — Hematoxylin and Eosin;
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HBGV - Health-Based Guidance Value; HCT — Hematocrit;
HDL — High-Density Lipoprotein; HGB — Hemoglobin; | —
Inflammatory  Cell Infiltration; LDL - Low-Density
Lipoprotein; LOAEL - Lowest-Observed-Adverse-Effect
Level; LSD - Least Significant Difference; LYM -
Lymphocytes; MCH - Mean Corpuscular Hemoglobin;
MCHC - Mean Corpuscular Hemoglobin Concentration;
MCV - Mean Corpuscular Volume; MON - Monocytes;
MPV — Mean Platelet Volume; N — Necrosis; NOAEL - No-
Observed-Adverse-Effect Level; OECD - Organisation for
Economic Co-operation and Development; PLT — Platelets;
RBC - Red Blood Cells; RDW - Red Cell Distribution Width;
SD - Standard Deviation; SG — Specific Gravity; SPP-ED —
Solid Preservative Preparation from Decolorized Ethanolic
Extract of L. aequata Leaves; WBC — White Blood Cells.
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