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ARTICLE INFO ABSTRACT

Keywords: In the present study, potential probiotics were isolated from dairy products and characterized on a molecular
Potential probiotics basis. Male and female (16 + 16, n = 4) Wistar rats were randomly assigned to 5 groups to revise the effects of
GI_T . . isolated potential probiotics on the gut immune system: 0-day, negative control, positive control (commercial
Igcl)slg;pam()bgmal studies product Lactobacillus acidophilus-14), laboratory isolated strains Pro-3 (Weissella confusa MZ735961), and Pro-4

(Lactiplantibacillus plantarum MZ727611). Aspartate-aminotransferase, Interleukin-6, bilirubin, and Alanine-
transaminase values in both genders were expected but AST and creatinine values had a minor increase in the
female group compared to the male probiotic-treated group. Cellular blood count level of mean corpuscular
hemoglobin in male groups showed no considerable differences (p = 0.95), while there were decreased differ-
ences (p = 0.00) in female groups. The level of mean corpuscular hemoglobin concentration (MCHC) showed
distinct variations (p = 0.02) in male groups, while these values were insignificant changes (p > 0.05) among
female groups. No damage to the liver, thymus, or colon was ascertained based on morphological findings. The
colon wall thickness, external muscle, crypt depth, and mucosa were significantly (p = 0.03) improved in rats
given potential probiotics. In conclusion, probiotic supplementation stimulates the immune system. It may
protect the intestinal mucosa by strengthening the gut’s immune system and promoting intestinal efficiency
(nutrient absorption and number of goblet cells). L. plantarum can therefore offer a reliable, affordable, and safe
treatment for functional gastrointestinal illnesses.

Immune system

1. Introduction

Probiotics are living organisms that, when given to a host in suffi-
cient quantities, can have various beneficial effects on their health,
including anti-inflammatory, anti-cancer, immune response, and diar-
rhea protection (Han et al., 2020; Guiné et al., 2020). The most signif-
icant group of bacteria is those classified as “generally considered safe”
(GRAS), which is also known as “lactic acid bacteria” LAB is divided into
several genera, including Lactobacillus, Weissella, Leuconostoc, and Ped-
iococcus (Jang et al., 2019; Behera et al., 2020). Furthermore, these
species exhibit high survivability in low pH and are widely used by
beginners and founders in producing various dairy products (Russo
et al., 2017; Fenster et al., 2019).

The defensive impact of lactobacilli has been well established,
demonstrating that they can benefit the host by enhancing various im-
mune activations (Aspri et al., 2020; Zhao et al., 2021). Potential

* Corresponding author.
E-mail address: rehman.mmg@pu.edu.pk (D. Abbas Bukhari).

https://doi.org/10.1016/j.jksus.2024.103375

probiotics’ capability to increase secretory IgA production is another
regularly noted way they affect the gut immune response (Arai et al.,
2018). Secretory IgA can defend against toxins and pathogens by
engaging in several non-inflammatory processes that improve their
clearance and stop them from penetrating the intestinal mucosa (Jahn-
sen et al., 2018).

The large intestine contains these microbes at the highest concen-
tration and metabolic activity, with 10! to 10'2 CFU/g (Bedani and
Rossi, 2009). The slow peristaltic and nutrient supply, as well as the
optimal conditions for bacterial multiplication, can all be used to explain
these probiotics’ predominance in these intestine (colon) regions. Pro-
biotic supplementing positively affected intestinal morphology and
blood hematology function (Elnesr et al., 2022). Galdeano and Perdigon
(2004) examined the existence of fluorescence inside immune cells from
PPs, small intestinal villi, and large intestinal lymph nodes.

This investigation aimed to ascertain the effects of orally given
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L. plantarum on rat hematological variables. Moreover, the beneficial
dosages that enhance rats’ health were considered.

2. Materials and methods
2.1. Bacterial isolation

Milk and yoghurt samples were collected from various locations
throughout Lahore, Pakistan. Standard (0.9 %) saline solution of dairy
samples was made by serial dilutions and usually spread on De Man
Rogosa and Sharpe (MRS) agar plates at a concentration of only 30uL.
Each plate was given a 24 h incubation period to allow for growth.
Bacterial colonies were isolated and streaked on plates using a sterilized
loop. The plates were then positioned in an incubator at 37 °C for 24 h
(Lim et al., 2020). Gram staining was applied to distinguish between
gram-negative and positive bacteria and determine the morphology of
bacteria, such as rod-shaped. Endospore staining was employed to find
out the bacterial spore development, followed by the protocol of Benson
(2002).

2.2. Biochemical and molecular characterization

The biochemical method (glucose fermentation) was used to char-
acterize the microbial isolates, followed by Benson (2002). DNA
extraction was done using the phenol-chloroform method. The bacterial
strains were identified using the 16S rRNA gene sequence by using
primers according to the protocol described in Bibi et al. (2023).

2.3. Housing and group management

Female and male (16 + 16, n = 4) Wistar albino rats (Rattus norve-
gicus), 5-7 weeks old (100-200 g), were ordered from the University of
Veterinary and Animal Sciences, Lahore. Rats were acclimatized for 7
days in an animal house at GCU, Lahore, to 30-38 % humidity and light
for 24 h. Each rat was given 10 g of conventional chaw with 24 h
availability of autoclaved distilled water. For 45 days, rats were given
potential probiotics via gavage (0.4 ml) determined by the protocol
(Lollo et al., 2013). The groups 0-day, (NC) Negative control, (PC)
Positive control, Pro-3 (W. confusa MZ735961) and Pro-4 (L. plantarum
MZ727611). The L. acidophilus La-14 (commercial probiotic strain) was
used for positive control. CFU (colony forming unit) of group PC
(L. acidophilus, 1 x 10'2/ml), Pro-3 (8.25 x 10'%/ml), and group Pro-4
(5.00 x 10'2/ml) were taken by employing the pour plate method,
which involves serial dilution of the standard stock. Various dilutions
were prepared and selected dilutions having approximately equal CFUs.

2.4. Blood collection and hematological analysis

After 45 days of probiotic treatment, rats were euthanized for sam-
pling. Blood was taken via a cardiac incision. A complete blood count
was done using the programmed analyzer (Huma Count 30TS/
Hul23Wma Count 80TS, Germany). The blood samples were permitted
to clot before being centrifuged (4000 rpm, 10 min.) for the biochemical
analysis. The serum was then aspirated into fresh sample bottles and
stored at —20 °C, and the serum analysis was analyzed (Fig. S1) on
equipment code (PDL- PAT -EQP-005, Italy).

2.5. Histopathology and growth performance of organs

Rats were euthanized and particular organs (thymus, liver, and
colon) were kept in 10-15 % formalin (Fig. S1). Further processing of
organs was performed according to Bibi et al. (2023). The relative
weight of each organ was calculated according to the protocol described
in Shokryazdan et al. (2016). Crypt depth, submucosa, mucosa, mucosa
tunic, and total wall of the colon were measured by ImageJ Software
(um) (Hermes et al., 2008).
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2.6. Fecal analysis of probiotic-treated rats

To confirm the consumption of potential probiotics, probiotic-
treated rats samples were performed according to Bibi et al. (2023).
To assess the survival of LAB in phenol, a phenol tolerance test was
carried out (Haghshenas et al., 2017).

2.7. Statistical analysis

One-way variance analysis (ANOVA) was used for the statistical
analyses. Tukey’s test was used for several comparisons. Version 20.0 of
the Statistical Package for Social Sciences (SPSS) software was used for
all statistical analyses. Alphabets, based on differences in groups, were
found by MINITAB version 17. The findings were displayed as the
standard error of the mean, with the significance value set at (p < 0.05).

3. Results
3.1. Biochemical and molecular characterization

Two out of 5 bacterial isolates were selected from dairy samples
(milk and yogurt), named GCU-DAB-Z-7 and GCU-DAB-Z-10, designed
round, soft, creamy white, large, and small colonies (Fig. S1a,b). Gram
staining revealed that bacterial isolate cultures were stained purple and
had a rod-like shape. This demonstrated that isolated strain cultures
were gram-positive bacteria (Fig. S2c,d). When endospore staining was
performed, it was found that none of the bacterial isolates contained
spores (Fig. S2b). All isolates tested for the glucose fermentation test
were positive.

The genomic DNA was isolated and the PCR products were visualized
(Fig. S3a,b). The 16S rRNA gene nucleotide sequence was done to
identify GCU-DAB-Z-7 (L. plantarum), and GCU-DAB-Z-10 (W. confusa)
isolates up to species level. It has been found through the dendrogram of
mentioned sequences that GCU-DAB-Z-7 and GCU-DAB-Z-10 have a 98
% resemblance to L. plantarum strains and W. confusa strains, respec-
tively (Fig. S4a,b). These strains were confirmed as potential probiotics
after morphological, biochemical, and molecular characterization.

3.2. Changes in relative body weight and organs

Unusual physical or behavioral changes or unpredicted deaths,
throughout the experiment, were not observed by any rat. The infor-
mation in Table S1 demonstrates initial, final, and weight gain for both
sexes. According to the results in Table S2, no discernible differences
existed between the three strains in the relative weight of the liver and
thymus. This demonstrated that L. acidophilus, W. confusa strains, and
L. plantarum had no hepatomegaly and thymomegaly.

3.3. Hematological analysis

3.3.1. Blood count analysis

Probiotic groups of male PC and Pro-4 (8.7 + 0.1, 8.7 + 0.5% cell/ul)
showed maximum RBC value among all groups but 0-day (12.8 + 1.0°
cell/ul) recorded minimum value. In females, Pro-4 (7.8 + 0.3%) showed
the highest red blood cells among all treated and non-treated groups.
WBC concentration in males was higher in the Pro-4 group (13.4 + 2.9?
10%/uL) while in females, Pro-3 showed a (14.4 + 1.4ab109/uL)
maximum level as compared to 0-day (4.8 + 0.14 10°/uL). The signifi-
cance value was calculated as 0.001L In males Hb level (17.1 + 0.3 g/
dL)) was higher in Pro-3 while in females Pro-4 (16 4 0.2% g/dL))
showed the highest value but the minimum value was found in NC (8.9
+ 3.5% g/dL) gender groups of rats. Statistical differences were found
between each group of male and female rats, while a standard significant
value was observed at (p < 0.05) as shown in (Table 1a; Fig. 1a,b).

Pro-3 male (0.9 + 0.0 %) and Pro-4 female (0.8 + 0.0? %) showed
the highest eosinophils level, while the least eosinophils value was seen



Z. Bibi et al.

18 a

16

14
Male Female

12
1

(=]

O N OO0

m0Day mNC mPC mP3 mP4

Journal of King Saud University - Science 36 (2024) 103375

25 | b

20

15

10

| I |I

0
Neutrophils Neutrophils
Male Female

MODay WMNC mPC mP3 mP4

Fig. 1. (a) The mean of male and female RBCs (Cell/uL) and WBCs (10°/uL) in untreated (0-day and NC) and treated (Pro-3 and Pro-4) groups. (b) Hb (g/dL) and

neutrophils of male and female rats between treated and non-treated groups.
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Fig. 2. (a) Male and female graph showing the mean of MCV (fL) and lymphocytes (%) in untreated (0-day and NC) and treated (Pro-3 and Pro-4. (b) Eosinophils (%)

and basophils (%) of male and female rats between treated and non-treated groups.

in male and female 0-day (0.3 % 0.0b% %) group. Basophil concentration
was higher in the PC group (0.3 + 0.0 %), while the lowest and same
values were observed in the 0-day and NC (0.1 % 0.0° %) groups of both.
Data and graphs of eosinophils and basophils are shown in Table 1a and
Fig. 2a, b, respectively.

Between the male Wistar rats group, Hb, RBC, WBC, HCT, MCHC,
eosinophils, basophils, lymphocytes, platelets, and neutrophils, showed
significant variation (p<0.05), and MCH, depicted insignificant differ-
ence (p>0.05). On the other hand, female Wistar rats group, Hb, RBC,
MCH, WBC, basophils, HCT, MCV, eosinophils, platelets neutrophils,
and lymphocytes depicted considerable variations (p<0.05) except
MCHC showed insignificant value (p>0.05) (Table 1a; Fig. 3a,b).

3.3.2. Serum chemistry analysis

The highest albumin level was seen in male Pro-3 as 4.8 + 0.1a g/dL
(Table 1b), whereas the lowest albumin was seen in 0-day 3.30 & 0.4% g/
dL. While in females highest value was observed in NC (4.26 + 0.34% g/
dL), the lowest was noticed in 0-day (3.73 + 0.14? g/dL). The lowest
globulin level of the male Pro-4 (3.14+0.15% g/dL) group was observed,
and the highest value was seen in the NC (4.2 + 0.17% g/dL) group. The
most elevated and same globulin recorded values in female groups were

of NC (4.2 + 0.4a g/dL) and Pro-3, respectively, but the minor globulin
level was seen in the PC (2.6 & 0.4® g/dL) group. IgA is responsible for
the final immune response. The highest IgA level was seen in Pro-4 (0.70
+ 0.02bc ug/mL) and the lowest was observed in the NC (0.23 4 0.03%
ug/mL) group of males. In females, elevated IgA value was observed in
Pro-3 (0.60 & 0.30* ug/mL), but the least was seen in untreated groups
(Fig. 4a,b). In the present study, ALT level was lower in the Pro-4 (51.6
+ 1.20% uL) group of males and PC (45 + 2.8 uL) of the female, but an
elevated level was seen in NC (64.6 + 1.52% uL) of males and (54.3 +
2.7% uL) female genders.

In male and female rats, higher AST concentrations were observed in
NC (302 + 39.12 uL), but Pro-4 (244 + 20.0* uL) showed the most
negligible value in males and 0-day (245.6 + 27.0% uL) group of females.
IL-6 is responsible for neutrophil regulation, and its level was predom-
inantly increased in PC (18.6 + 0.6"° pg/ml) of males and least was seen
in Pro-3 (16.5 + 0.18% pg/ml). In females, IL-6 level was increased in
Pro-4 (16.8 + 0.1%° pg/ml) while decreased in the NC (15.3 + 0.4% pg/
ml) group. In males, the minor total protein was observed in 0-day (5.70
+ 0.05c g/dL), while the highest level was seen in Pro-4 (7.6 + 0.2° g/
dL). In females, PC 6.0 =+ 0.05° g/dL showed less total protein while NC
(8.1 £ 0.6 g/dL) had an elevated value shown in (Fig. 5a,b).
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Fig. 3. (a) Graph showing the mean of male and female HCT (%), MCHC (g/dL), and MCH (Pg/cell) in untreated (0-day and NC) and treated (Pro-3 and Pro-4)
groups. (b) Platelets (%) of male and female rats between treated and non-treated groups.
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Fig. 4. (a) Graph showing the mean of albumin and globulin (g/dL) in untreated (0-day and NC) and treated (PC, Pro-3 and Pro-4). (b) Graph showing the mean of
creatinine, bilirubin (mg/dL), and IgA (ug/mL) in untreated (0-day and NC) and treated (PC, Pro-3, and Pro-4).

Albumin, globulin, ALT, AST, bilirubin, and creatinine in male
Wistar rat groups were considered serum parameters. The creatinine
showed insignificant variation (p>0.05), while IgA, TP, and Interleukin-
6 showed significant change (p<0.05). In female rats albumin, IgA,
globulin, ALT, bilirubin AST, and creatinine showed a considerable
difference (p<0.05) while IL-6 and total protein showed no significant
difference (p>0.05) (Table 1b)

3.4. Fecal antimicrobial activity results

Potential probiotics showed maximum resistance (zone of inhibition
measured in mm) for P. aeroginosa while their effect against E. coli and
S. aureus was also observed (Table 2a). The isolates from potential
probiotics-treated groups (Pro-3, Pro-4, and L. acidophilus-14) showed
significant resistance toward the pathogenic strains P. aeroginosa, S.
aureus, and E. coli. Clear zones were formed on all the plates. Pro-4 in
males showed maximum resistance than other groups. All the potential
probiotics could co-aggregate with pathogens, but other groups (0-day

and Negative control) were less effective against pathogens (Table 2a).

3.4.1. Fecal phenol tolerance test

All groups’ fecal contents were tested for survival in 0.4 % phenol.
The least bacterial growth was observed in NC groups of males and fe-
males, while the highest was kept in the male Pro-4 group and PC group
of females. Readings taken at 24 h showed maximum growth and
demonstrated that all probiotic combinations survived in 0.4 % phenol,
whereas negative control and 0-day were lessened. Fig. 5S (a,b) shows
the graph of phenol tolerance.

3.5. Histopathological analysis

The morphology of the glands was unaltered in the treated groups.
None of the groups showed damaged liver or thymus histologically
affected. The thymus and liver histopathological examination findings
were prominent at 10X magnification (Fig. 6a,b). Histopathology of the
colon in rats showed no harm in the gut morphology in any group.
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Table 1a
Comparative CBC Analysis of male and female Wistar rats among different groups. Readings of each parameter were recorded in triplicates.
Parameters Gender 0 Day NC PC Pro-3 Pro-4 p Value
Hb M 12.8 + 1.0° 8.9 + 3.5° 15.9 + 0.0°° 17.1 + 0.3° 16.1 + 0.1°° 0.033
(g/dL) F 13.2 + 0.6™ 12.4 £ 0.7¢ 13.8. + 0.1% 15.5 + 1.0°° 16 +0.2% 0.033
RBC M 5.4 + 0.7° 6.1+ 0.2 8.7 +0.1° 8.4 + 0.4 8.7 + 0.5° 0.001
(Cell/ul) F 3.7 £0.1° 5.6 + 0.5" 7.4 + 0.2% 7.5 + 0.4 7.8 4+ 0.3% 0
HCT M 35.8 +2.3° 37.4 + 1.6°° 40.2 + 0.6™° 42.9 + 0.8%° 47.2 + 3.6 0.025
(%) F 20 + 0.0° 29 + 0.0%%¢ 40 + 5.3 37.4 + 9% 40.9 + 4.5% 0
MCHC M 26.6 + 2.0° 33.9 + 3.6 35.3 + 3.1%° 39.4 +0.3% 37.8 + 1.1° 0.028
(g/dL) F 30 + 0.5% 32.8 + 3.5 40 + 0.0 38.9 +0.3% 39 + 0.5 0.055
MCH M 17.3 + 2.5° 17.7 £2.52 18.2 + 0.4° 17.6 + 0.7° 19.0 + 0.7 0.958
(Pg/cell) F 15.7 + 0.9° 19.5 + 1.3° 18 + 0.1 21 +0.3% 18 + 0.6% 0.004
WBC M 5.2 + 0.9° 8.0 + 0.9% 5.7 +0.1° 12.4 +1.3% 13.4 + 2.9% 0.011
(10°/uL) F 4.8 +0.14 7.2 +1.1% 10.4 + 0.0 14.4 + 1.4°° 11.1 £ 0.7 0
Basophils M 0.1 + 0.0 0.1+ 0.0 0.3 + 0.0° 0.3 + 0.0 0.2 + 0.0° 0
(%) F 0.1 4 0.0° 0.1 4 0.0° 0.3 + 0.0 0.2 + 0.0% 0.2 + 0.0° 0
Plateletes M 177.3 + 53.1¢ 478 + 35.2° 551 + 10.4° 597 + 37.5" 785.3. + 9.7 0
(%) F 301.8 + 2.2¢ 405 + 52,0 536 + 1.2 650 + 30.0%° 705 + 32.5% 0
Lymphocytes M 34,9 +2.3% 46.7 + 8.8% 73.5 + 2.7% 79.3 + 4.7% 78.7 + 212 0
(%) F 40 +2.3° 65.0 + 3.8%° 75.0 + 0.8%° 72.3 + 2.6% 72.0 + 1.72 0.018
Neutrophils M 7.9 £ 0.2 11.3 + 0.6 18.0 + 0.5° 18.2 + 0.6° 15+ 1.42% 0
(%) F 6.3 +0.1° 8.0 + 1.4 9.7 + 0.1 13.7 +£1.2% 17.0+0.52 0
Eosinophils M 0.3 + 0.0 0.5+ 0.0° 0.9 £+ 0.0° 09+0.0?% 0.7 + 0.0° 0
(%) F 0.3 £ 0.0° 0.4 £ 0.0° 0.5 + 0.0 0.6 + 0.0% 0.8 + 0.0° 0
MCV M 38 + 1.0° 51.6 + 4.6° 48.4 +£1.1% 51.7 +1.82 54.9 +1.72 0.006
(fL) F 43.6 + 0.6° 47.0 + 3.0™ 51.4 + 2.4 54.0 + 1.0 % 57.7 +1.32 0.003
abedp 0,05 compared with the control group by ANOVA followed by the Tuckey’s test.
Table 1b
Comparative Serum Chemistry Evaluation of male and female Wistar rats between groups. Readings of each parameter were recorded in triplicates.
Parameters Gender 0 Day NC PC Pro-3 Pro-4 p Value
Albumin M 3.30 + 0.4° 3.87 + 0.4%° 4.0 + 0.1 4.8+0.1% 4.0 £ 0.17°° 0.5
(g/dL) F 3.73 £ 0.14% 4.26 + 0.34° 4.23 +0.33° 3.8 £ 0.15° 3.7 £0.17° 0.393
Globulin M 3.43 + 0.9° 42+0.17° 3.4 + 0.08° 3.6 + 0.20° 3.14+0.15% 1
(g/dL) F 2.76 + 0.29° 3.1+0.2° 2.6 + 0.4 3.1+0.3° 2.8 +0.15° 0.732
IgA M 0.45 + 0.02"° 0.70 + 0.00° 0.43 + 0.00° 0.53 + 0.02° 0.45 + 0.02" 0
(ug/ml) F 0.23 + 0.06° 0.23 + 0.03% 0.60 + 0.30° 0.26 + 0.03* 0.6 + 0.35° 0.51
ALT M 58.33 + 3.52° 64.6 + 1.52° 63.6 + 2.60° 59.3 + 3.84% 51.6 + 1.20% 0.064
(uL) F 45.6 + 2.33° 54.3 +2.7% 45+ 2.8° 49.6 + 4.82 49 + 4.0° 0.392
AST M 263.3 + 22.1° 302 + 39.1% 282 + 3.60% 286 + 16.8% 244 + 20.0° 0.491
(uL) F 245.6 + 27.0° 304 + 26.6% 271.6 + 4.4° 292.6 + 21.6 295 + 47.6% 0.64
Billirubin M 0.30 + 0.02° 0.39 + 0.01° 0.33 + 0.02° 0.36 + 0.03* 0.29 + 0.01% 0.071
(mg/dl) F 0.37 + 0.03° 0.40 + 0.05% 0.33 + 0.02° 0.36 + 0.03* 0.30 + 0.00% 0.39
Creatanine M 0.50 + 0.007 0.58 + 0.04° 0.55 + 0.01% 0.53 + 0.02* 0.56 + 0.02* 0.213
(mg/dL) F 0.6 + 0.05% 0.86 + 0.08° 1.1 +0.32° 0.93 + 0.03* 0.90 + 0.05% 0.289
IL-6 M 17.0 + 0.14%® 18.5 + 0.43% 16.6 + 0.6* 15.1 + 0.3 16.5 + 0.18™ 0.02
(pg/ml) F 15.7 + 0.17° 18.3 + 0.4° 16.6 + 0.08" 17.1 +£0.2° 16.8 + 0.1* 0
TP M 5.70 + 0.05° 5.83 + 0.08° 7.0 + 0.20° 6.5 + 0.2 7.6 £0.2° 0
(g/dL) F 7.0 +0.24 8.1+0.6? 6.0 + 0.05" 7540202 72402 0.009

abep < 0,05 compared with the control group by ANOVA followed by Tuckey’s test.

However, crypt depth, mucosa, sub-mucosa, peripheral muscle, and the
total thickness of the colon wall were significantly increased in rats
given potential probiotics, respectively. It showed that they improved
the morphology of the intestine. The histological magnification ratio
was increased in probiotic groups (Fig. 7; Table 2b).

In the colon of male groups, the mucosa was minimum in NC (19.6 +
8.81b) and maximum in the Pro-4 (260 =+ 5.77°) group. Sub-mucosa was
minimum in negative control 196 + 8.81" whereas it was seen greatest
in Pro-4 (40.1 + 5.77"). Crypt depth was minimum in NC (138 + 23.0%
and highest in Pro-4 (150 + 27.Zab). The highest muscle tunic was seen
in PC (248.2 £+ 10.1a), while the least was observed in 0-day (220 +
12.0ab). Total colon wall thickness was lowest in NC (891.3 + 8.5") and
most significant in Pro-4 (990.8 + 5.7%).

In the colon of female groups, the least mucosa was seen in 0-day
(190 + 25.1%) and maximum in Pro-4 (245.1 + 18.4%%) group. Sub-
mucosa was lower in the negative control (19.2 + 5.77b) and greatest
in PC (31.5 + 17.2%). Crypt depth was minimum in 0-day (130.0 +
24.2%%) and highest in PC (144.1 + 27.1). The highest muscle tunic

was seen in PC (241.5 + 10.1?), while the least was observed in NC (130
+ 25.1b). Total colon wall thickness was seen lowest in 0-day (917 +
6.5%P) and most remarkable in Pro-4 (983 + 8.0%) (Fig. 8; Table 2b).
Significant differences were seen in both genders of all groups.

4. Discussion

In the present study, isolated Lactobacillus were non-motile, gram-
positive, catalase-negative, and fermentation-test-negative, and the re-
sults of all biochemical tests matched those of Prabhurajeshwar and
Chandrakanth, (2019). A phenol tolerance test was used to assess the
resistance of L. plantarum and W. confusa, and this is consistent with the
findings of Elmansy et al. (2022). The GIT secretes phenol after diges-
tion. Therefore, the potential LAB probiotic strains must be capable of
surviving the effects of phenol. The isolated LAB strains withstand 0.4 %
phenol so they can survive in the gut and would be considered potential
probiotics. In contrast to De Angelis et al. (2006), probiotic isolates
demonstrated antimicrobial activity. They produced a substantial



Z. Bibi et al.

400 a
350
300
! =
250
200
150
100
* il finii
0
ALT AST ALT AST
Male Female

M(0Day mNC mPC mP3 mP4

Journal of King Saud University - Science 36 (2024) 103375

20 b

18
16 it i
14
12
10
8
6 —_—
4
2
0
IL-6 TP IL-6 TP
Male Female
m0ODay mNC PC mP3 mP4

Fig. 5. (a) Graph showing the mean of ALT and AST (uL) in untreated (0-day and NC) a) treated (PC, Pro-3 and Pro-4). (b) Graph showing the mean of IL-6 (pg/ml)
and Total protein (g/dL) in untreated (0-day and NC) and treated (PC, Pro-3 and Pro-4).

Table 2a
Antibacterial activity between treated and non-treated groups.
Groups Gender P. aeroginosa S. aureus B. lechiniformes E.coli
Diameter of inhibition zone in (mm)
0 Day M 0.00 + 0.00% 10.7 + 0.13° 13.33 + 0.09° 0.00 + 0.00f
F 0.00 + 0.00¢ 11.93 +0.12° 10.7 + 0.88¢ 10.3 + 0.888
NC M 13.3 + 0.23° 7.3 +0.15° 15.7 + 0.12% 0.00 + 0.00°
F 0.00 + 0.00° 7.13 + 0.09° 14.4 +0.21%¢ 10.4 +0.18¢
PC M 15.3 + 0.33" 11.3 4 0.02°¢ 17.7 + 0.05°¢ 17.7 +0.03°
F 14.3 + 0.35° 15.2 + 0.11°¢ 17.3 +£0.17°¢ 18.2 +0.12°
Pro-3 M 11.7 + 0.35% 11.7 + 0.1° 17.3 + 0.07° 17.3 +0.08%
F 10.7 + 0.33° 10.7 + 0.33% 15.7 + 0.33" 16.3 + 0.18"
Pro-4 M 13.3 +£0.21% 13.3 +£0.23° 19.1 + 0.27° 19.3 +0.07°
F 12.3 + 0.33% 11.4 +0.18° 16.7 + 0.23%¢ 16.3 + 0.33%
p Value M 0.00 0.00 0.00 0.00
F 0.01 0.00 0.00 0.01

inhibition zone against E. coli B. lechiniformes, S. aureus, and
P. aeroginosa (Table 2a).

There was a substantial increase in hemoglobin and RBCs related to
the control in male and female rats. Compared with the control group
results, the standard group and other treatment groups displayed sig-
nificant variation (P=0.001) in WBC count and lymphocyte levels,
inconsistent with Sujaya et al. (2022). Among the groups of male Wistar
rats, HCT, MCHC, platelets, and neutrophil values showed significant
differences. MCH exhibited no significant differences compared to NC
and 0-day.

However, in female rat groups, values of Hb, MCH, WBC, basophils,
MCHC, RBC, MCV, platelets, neutrophils, and lymphocytes indicated
significant differences. Basophils and eosinophils showed significant
variation among other groups’ and results were inconsistent with Sayed
et al. (2018). MCHC showed an insignificant value compared to other
female groups (Table 1a). Probiotic groups, 0 days, and negative control
had normal lymphocyte range, meaning the body does not have any
infection or without the probiotic ingestion. Neutrophils are the gran-
ulocytes that help in immune functions. However, the results showing
the group differences were similar to Bikheet et al. (2021).

Aspartate transaminase (AST) and alanine transaminase (ALT) con-
centrations were used to evaluate liver damage as well as the toxicity of
potential probiotics. The ALT concentration was lower in treated groups
and AST was similar among all groups in males. While ALT showed a
similar concentration in females, AST showed a minor increase in the NC
group compared to other groups of female rats. These findings were

according to Sarwar et al. (2022). As a result, we can assume that no
liver damage occurred during research to see how potential probiotics
affect the immune system (Table 1a). According to Arai et al. (2018), IgA
level was the same in females. Interleukin-6 also plays an essential part
in the terminal stage of mucosal immune responses. IL-6 and total pro-
tein among the groups of both genders showed no difference among the
groups’ results, according to Galdeano et al. (2007).

Bilirubin and creatinine levels indicate the degradation of cells in the
liver accordingly. The current study showed that male probiotic-treated
groups had minimum bilirubin while creatinine levels were lowered in
both genders and a modest increase was found in the NC group. NC
showed the maximum globulin concentration in males compared to fe-
males, while albumin levels were normal among all groups, according to
Kumar et al. (2022).

In the present investigation, cells of 0-day and negative control were
shrunken; however, the cells of potential probiotics groups were intact.
These findings are followed by Cui et al. (2022). According to several
studies (Marcal Natali et al., 2005; Pitsouni et al., 2009), probiotics in-
crease immune system cells associated with intestinal mucosa. This may
help control and prevent infections where nutritional deficiencies cause
diseases. Intestinal development and crypt increase imply that intestinal
epithelial cell growth and further absorption increase; similar findings
were followed (Marcal Natali et al., 2005). Probiotic supplementation
worked well to improve rats’ mucosa and muscular tissue. The same
results were observed by Mennigen and Bruewer, (2009). In the Colon of
Wistar rats, crypt depth, mucosa tunic, total wall, and sub-mucosa were
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Fig. 6. (a) Micrographs of male Wistar rat’s liver (a, b, and ¢) and female Wistar rats’ liver (d, e, and f) at 10X; Negative control; positive control, and Pro-4
(Lactobacillus plantarum MZ727611). It shows histological structures of liver hepatocytes (H) and sinusoids (S). (b) Micrographs of male Wistar rats Thymus (a,
b, and ¢) and female Wistar rats (d, e, and f) at 10X; Negative control; positive control, and Pro-4 (Lactobacillus plantarum MZ727611). They show histological
structures of Thymus Cortex (C), Medulla (M), Spaces (S), and Thymocytes (T). No cellular or inflammatory changes are seen in the thymus of male and female rats.
Bar = 50 mm.
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Fig. 7. Colon of (a) negative control (b) positive control (c) Pro-4 (Lactobacillus plantarum MZ727611) in male rats, colon of (d) negative control (e) positive control
(f) Pro-4 in female rats, mucosa tunic (MT), Crypt depth (CD), Sub-mucosa (SM), total thickness of wall (TW) and Mucosa (M) at 10X Bar = 50 mm.

Table 2b

Mean and standard error mean of Muscle tunic, crypt width, thickness of sub-mucosa, and mucosa of colon.

Groups Gender Mucosa (um) Sub-mucosa (um) Crypt Depth (um) Muscle tunic (um) Total wall of colon (um)
0 day M 234.0 + 5.77° 20 +10.3° 139.1 + 20.1° 220 + 12.0%° 916 + 5.5°
F 190 + 25.1% 25.3 + 8.0° 130.0 + 24.2%° 225 + 10.0° 917 + 6.5
NC M 150.9 + 20.8° 19.6 + 8.81° 138 + 23.0° 230 + 8.8° 891.3 + 8.5"
F 210 + 26.4° 19.2 + 5.77° 131 + 25.1° 217 + 8.0° 871.2 +10.1°
PC M 183 + 55.4° 40.1 + 5.77° 146.1 + 45.8% 248.2 +10.1° 950 + 9.5%
F 210 + 10.0° 31.5 + 17.2° 144.1 + 27.1%° 241.5 +10.12 916 + 11.5%°
Pro-3 M 230.7 + 22.1° 21.1 + 4.5 139 + 23.1%° 225.4 + 10.0% 978.1 +10.1°
F 240 + 20.1% 20.0 + 12.5" 140.2 + 21.2%° 230 + 0.01? 890 + 8.80%°
Pro-4 M 260 + 5.77° 36.1 + 5.3% 148 + 27.2%° 240.1 + 8.9% 990.8 + 5.7%
F 245.1 + 18.4%° 28.6 + 12.0° 142 + 28.2° 241.8 + 8.8% 983 + 8.0°
p Value M 0 0 0.008 0.015 0.016
F 0 0 0.006 0.035 0

detected. Because of the longer intestinal glands in the colon, the mu-
cosa tunic is significantly denser. The mucosa tunic surface was smooth
and contained a rising number of goblet cells (Dellman and Brown,
1992). The decrease in mucosa tunic thickness is due to dietary deficits
in gut morphometrics (Bando et al., 2011). In both male and female rats,
the least crypt depth was found in 0-day, and NC epithelial cells were
degenerating, whereas maximum depth was seen in the Pro-4
(L. plantarum MZ727611) group (Table 2b; Fig. 7). The colon reacted
similarly in both genders.

5. Conclusions

Isolated strains, L. plantarum and W. confusa, were identified as po-
tential probiotics on microscopic, biochemical, and molecular attri-
butes. Commercially available probiotic bacteria have been
demonstrated to have related immune response benefits as probiotic
strains generated in the laboratory. Both strains were well tolerated, and

no adverse effects on development, cellular blood constituents, or
essential organs, such as the colon, of the treated animals were observed.
These potential probiotics could also decline pathogenic microbial
populations while increasing beneficial bacterial populations. The fecal
tolerance test showed that treated groups have the highest growth as
compared to the untreated groups. Overall, L. plantarum seemed to have
more good effects than W. confusa. The current study might help develop
new probiotic products and provide evidence for selecting various po-
tential probiotics. These results show that the probiotic isolates are
secure and evaluate their efficacy in preclinical and clinical studies for
human ingestion.
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