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Introduction: Sustainable aquaculture relies on balanced diets that ensure
optimal growth and health. Nanotechnology applications in aquaculture, such
huso) as using selenium and iron nanoparticles (Se-NPs, Fe-NPs), show promise for
enhancing nutrition. However, their combined effects on intestinal health in
beluga are unclear. Therefore, this study aimed to investigate the individual and
Selenium combined effects of different dietary levels of Se-NPs and Fe-NPs on the
intestinal histopathology of juvenile beluga, to identify the optimal and safest
supplementation ratio.

Histopathology Materials and methods: A total of 135 beluga juveniles (with an initial weight
0f276.4 +32.3 g and an initial length of 40 + 2 cm) were randomly distributed
in 27 fiberglass tanks at 9 different treatments with 3 replicates. Treatments
included T; (control, no added NPs), T> (1 mg/kg Se-NPs), T3 (2 mg/kg Se-
NPs), T4 (100 mg/kg Fe-NPs), Ts (100 mg/kg Fe-NPs +1 mg/kg Se-NPs), Te
(100 mg/kg Fe-NPs +2 mg/kg Se-NPs), T7 (200 mg/kg Fe-NPs), Ts (200 mg/kg
Fe-NPs +1 mg/kg Se-NPs), and To (200 mg/kg Fe-NPs +2 mg/kg Se-NPs).
Before starting the experiment, the fish were adapted to the rearing conditions
for a week. The amount of feed during the rearing period was 2-3% of the fish's
weight, adjusted according to water temperature. The fish were fed three times
a day (8:00-15:00 and 21:00) for 8 weeks. To find the histopathological
changes, six fish intestine tissues from each group (two fish of each replicate)
were sampled at the end of the experiment. Samples were dehydrated by routine
methods and embedded in paraffin wax. They were sectioned by microtome and
stained with Hematoxylin and Eosin (H&E).

Results and discussion: Histopathological examination revealed intestinal
alterations including villi degeneration, inflammatory cell infiltration in both

Beluga (Huso

Nanoparticle

Iron

Intestine



YIOEF 15 9o ojles qeasil Jlo) bl adss

submucosal and muscular layers, hyperemia, and necrosis. Evaluation of
treatment responses showed that the combination of 100 mg/kg Fe-NPs with 1
mg/kg Se-NPs (Ts) demonstrated the most favorable outcome, with tissue
integrity comparable to the control group. The Ts treatment also showed
relatively preserved intestinal morphology. In contrast, treatments with higher
nanoparticle concentrations exhibited significantly more severe pathological
changes, including prominent hyperemia and inflammatory infiltration. These
findings indicate that the 100:1 Fe-NPs to Se-NPs ratio effectively mitigates the
adverse effects of both elements.

Conclusions: It is concluded that the combined use of iron and selenium
nanoparticles at doses of 100 mg/kg Fe-NPs and 1 mg/kg Se-NPs in the diet of
beluga is the most appropriate and optimal combination, resulting in minimal
histopathological damage to the intestinal tissue. This ratio effectively balances
the pro-oxidant potential of iron with the antioxidant capacity of selenium,
thereby preserving intestinal health and integrity.
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Figure 1 Scanning electron microscopy (SEM) images of selenium nanoparticles
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Figure 2 Transmission electron microscope (TEM) images of selenium nanoparticles
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Figure 3 Scanning electron microscopy (SEM) images of iron nanoparticles
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Figure 4 Transmission electron microscope (TEM) images of iron nanoparticles
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Table 1 Different levels of selenium nanoparticles and iron nanoparticles used to prepare

experimental diets.

Treatments Fe-NPs (mg/kg) Se-NPs (mg/kg)
Tl 0 0
T2 0 1
T3 0 2
T4 100 0
TS 100 1
T6 100 2
T7 200 0
T8 200 1
T9 200 2
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2 Inflammatory cells infiltration in submucosal layer
3 Inflammatory cells infiltration in muscular layer
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Table 2 Lesions observed in the intestinal tissue of beluga Huso huso reared with diets containing selenium and iron nanoparticles (n=6).

Treatments including T1 (control, no added NPs), T2 (1 mg/kg Se-NPs), T3 (2 mg/kg Se-NPs), T4 (100 mg/kg Fe-NPs); TS5 (100 mg/kg Fe-

NPs +1 mg/kg Se-NPs); T6 (100 mg/kg Fe-NPs +2 mg/kg Se-NPs); T7 (200 mg/kg Fe-NPs); T8 (200 mg/kg Fe-NPs +1 mg/kg Se-NPs); T9

(200 mg/kg Fe-NPs +2 mg/kg Se-NPs). Severity of complications: 0=no damage, 1=low damage, 2=moderate damage, 3=high damage and

4=very severe damage.

Inflammatory cell

Necrosis in Hyperemia (under . L Inflammatory cell infiltration Villi
Treatments infiltration in muscular . .
muscular layer serous layer) layer in submucosal layer degeneration
T1 1 0 1 2 1
T2 3 1 2 1 3
T3 3 3 2 4 2
T4 2 2 2 4 1
TS 1 2 1 1 1
T6 2 4 2 3 3
T7 2 2 2 1 3
T8 2 1 2 1 2
T9 1 4 1 4 2
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Figure 5 Intestinal tissue of T1 (control; without adding nanoparticles) beluga Huso huso fed with
diets containing selenium and iron nanoparticles (H&E).
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Figure 6 Intestinal tissue of T2 (1 mg/kg Se-NPs) beluga Huso huso fed with diets containing selenium
and iron nanoparticles (H&E). D: Extensive necrosis and sloughing the enterocytes.



() 5en 5 SIY 00l3,80) al g pguiles ly36l b onds 4335 o ys, HUSO RUSO ) 15 1o 054, <3l bl /1))

Wlydgil golo o pa b ovds adid o yg Huso huso Lol 3 (Y mg/kg Se-NPs) ¥ Lo 059, cdl ¥ Ji

Figure 7 Intestinal tissue of T3 (2 mg/kg Se-NPs) beluga Huso huso fed with diets containing selenium
and iron nanoparticles (H&E). Inf. S: Inflammatory cells infiltration in submucosal layer.
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Figure 8 Intestinal tissue of T4 (100 mg/kg Fe-NPs) beluga Huso huso fed with diets containing
selenium and iron nanoparticles (H&E). Inf. S: Inflammatory cells infiltration in submucosal layer.
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Figure 9 Intestinal tissue of TS (100 mg/kg Fe-NPs +1 mg/kg Se-NPs) beluga Huso huso fed with
diets containing selenium and iron nanoparticles (H&E).
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Figure 10 Intestinal tissue of T6 (100 mg/kg Fe-NPs +2 mg/kg Se-NPs) beluga Huso huso fed with
diets containing selenium and iron nanoparticles (H&E). D: Extensive necrosis and sloughing the
enterocytes.
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Figure 11 Intestinal tissue of T7 (200 mg/kg Fe-NPs) beluga Huso huso fed with diets containing

selenium and iron nanoparticles (H&E). D: Extensive necrosis of enterocytes and adhering intestinal
villi to each other; Inf. M: Inflammatory cells infiltration in muscular layer.
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Figure 12 Intestinal tissue of T8 (200 mg/kg Fe-NPs +1 mg/kg Se-NPs) beluga Huso huso fed with
diets containing selenium and iron nanoparticles (H&E).
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Figure 13 Intestinal tissue of T9 (200 mg/kg Fe-NPs +2mg/kg Se-NPs) beluga Huso huso fed with diets
containing selenium and iron nanoparticles (H&E). Inf. S: Inflammatory cells infiltration in
submucosal layer.
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