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Abstract: The current study aims to quantify the amounts of inflammatory cytokines exposed to
different lipopolysaccharide concentrations isolated from Salmonella typhi. Using the chloroform-
methanol procedure, LPS was isolated from S. typhi and then dried with a lyophilizer device. The
purity of LPS was confirmed by gas chromatography-mass spectrometry (GC-MS). Doses of 0.625,
1.25, and 2.5 mg/100 g body weight (B.W) were used in this experiment. Four groups of white mice
were injected with three doses of LPS, with each group receiving three replicates, aged (2-3) months
injected intraperitoneally (IP) with three doses of LPS every 48 hours, and followed by a final booster
dose one week later. Subsequently, blood samples were collected and serum levels of interleukin-1
(IL-1) and interleukin-7 (IL-7) were measured by enzyme-linked immunosorbent assay (ELISA)
method. The results showed that IL-1 levels were (9.933 + 0.513 , 9.033 + 0.568 and 10.700 + 0.101)
pg/ml at the concentrations of 0.625, 1.25, 2.5) mg/100 g (b.w) respectively, compared to the control
sample which was (5.933 + 0.890). Furthermore, the levels of IL-7 were 304.000 + 0.208, 301.866 =+
0.276 and 333.566 + 0,164) pg/ml at 0.625, 1.25, and 2.5 mg/100 g (b.w) respectively, while the control
sample was (290.700 + 0.112) pg/ml. The gain of lipopolysaccharide from S. Typhi provoked the
immune system inside the injected rats, leading to the secretion of cytokines like IL-1 and IL-7 in
any respect tiers used in comparison to the manage. In addition, the lifestyles of IL-1 could limit the
manufacturing of IL-7.
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1. Introduction

According to Kutsehera et al (2021) Lipopolysaccharide (LPS) is a major constituent
of the cell walls of Gram-negative bacteria. LPS usually have three components. Known as
O antigen (Somatic antigen), the outer content is composed of several oligosaccharide
types (Grigoryan et al., 2021). The second part, commonly referred to as the core region,
connects to the last partition, lipid A, which is a very toxic component (Kalambhe et al.,
2012), and tends to promote the immune system and secretion multiple cytokines (Liu et
al., 2018) among them Interleukins (IL-1, II-8, IL-7, and IL-10) (Tanaka et al., 2014; Villar-
Fincheria et al., 2021). Salmonella is a rod-gram-negative pathogenic bacterium responsible
for many diseases including typhoid fever, intestinal diseases in both humans and animals
and the decomposition of food (Ashurst et al., 2022; Patra et al.,, 2015). It includes a
significant amount of LPS, up to one gramme of body weight (Sali et al., 2019; Daigle et al.,

Central Asian Journal of Theoretical and Applied Science 2024, 5(4), 349-355. https://cajotas.centralasianstudies.org/index.php/CAJOTAS


mailto:dhu.jasem@uomosul.edu.iq
mailto:dr.safaa100@uomosul.edu.iq

350

2021). Furthermore, a small amount of LPS that passes through the body's bloodstream
could lead to a response from the immune system (Liu et al., 2018; Paola et al., 2022). The
current study aimed to extract the LPS from the cell wall of S. typhi, and determined the
levels of some inflammatory cytokines at different concentrations of LPS in the white rats.

2. Materials and Methods
Preparation of Bacteria

Pure culture of Salmonella typhi was obtained from laboratories of the department of
biology, college of science, University of Mosul. S. typhi was cultured in 4 liters of Brain
heart infusion broth medium (BHI), incubated in 37 °c for 48-72 hours in a shaker incubator,
cultures were centrifuged at 5000 rpm for 30 minutes, and bacterial sediments were
washed thrice with 2 mL of ethyl alcohol (95%), shaken well, then centrifuged at 3000 rpm
for 10 minutes. Cell pellets were kept in closed tubes in a refrigerator at 4-8 °C until used
(Subhiy et al., 2016).

Extraction of Bacterial LPS

Bacterial pellet was resuspended in 10% EDTA and cell wall was disrupted by
sonication (Ultrasound Omni international, UK) at 20000 vibration per minutes for 30
seconds under cooled conditions. Samples were subjected to cooled centrifugation and the
supernatant was collected in sterile test tubes. 1 mL of chloroform/methanol (1:2 ratio) was
added to bacterial disrupted solution and covered by parafine oil then shaken for two
hours. Three layers were formed, the layer of chloroform and methanol was collected and
air dried (Kalambhe et al., 2017).

Lyophilization of LPS

Granules of LPS were lyophilized using the devise (Alpha-1-2 Lb plus 19616,
Germany). Samples were stored at 4°C. The purity of LPS was determined using gas
chromatography-mass spectrometry (GC-MS) (5973 network mass selective detector,
USA) (Jackie et al., 2021).

Animal Injection

Four groups of white rats with ages ranged between 1-2 months were grown under
suitable conditions and used in the experiment. Animals were injected intra-peritoneal
three times every 48-hour with LPS extract followed by a final booster dose one week after
the final dose (Zhong et al., 2018).

Determination the levels of cytokines

Blood samples were collected from animals treated with LPS. Blood samples were
centrifuged and serum was collected and used in ELISA experiments. Kits were used from
Elab science Biotechnology Inc. Rat IL-1 and IL-7 levels were determined in blood samples
of rats injected with three concentrations of LPS (0.625, 1.25, 2.5 mg/100gm for body
weight) as mentioned elsewhere (Jianjian et al., 2017).

3. Results

Results of the current study showed that LPS extracted from S. typhi contained
several compounds as analyzed by GC-MS. The compound top six compounds present
were (2,4-Decadienal 2.23%, Hexacosyl trifluoroacetate 2.510%, Hexacosyl heptafluoro-
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butyrate 4.37%, Octadecanoic acid 4.47%, n-Hexadecanoic acid 10.18%, and
oxacycloheptadec-8-en-2-one 55.93%) as shown in Table 1 (Kintz et al., 2017).

Table 1. Major LPS components from S. typhi

Name Percentage
1 2-4 Decadienal 2.23%
2 Hexacosyl tri-fluoroacetate 2.56%
3 Hexacosyl hepta-fluoroacetate 4.37%
4 Octadecanoic acid 4.47%
5 n-hexadecenoic acid 10.18%
6 Oxacyclohepta-dec-8-en-2-one 55.93%
The current study also showed a clear effect of LPS isolated from S. typhi in all the
three concentrations used in stimulating an increase in the production of cytokines IL-1
and IL-7. The current study also found that the concentration 2500 mg/100gm of body
weight had a significant effect on the level of IL-1, where it was equal to 10.7000 + 0.101
pg/mL when compared to the concentrations 625 and 1250 mg/100gm b.w. However, the
levels were equal to 9.9333+0.511 and 9.0333+0.568 pg/mL respectively, compared to the
control sample that was equal to 5.9333+0.8900 pg/mL as shown in Table 2. At the same
time, we noticed that the three concentrations 625, 1250 and 2500 mg/100gm b.w. had a
clear and significant effect on the level of IL-7 in the blood and were equal to 304.000+0.208,
301.866+0.276 and 333.566+0.146 pg/mL, respectively as compared to the control sample
which was equal to 290.700£0.112 pg/mL as shown in Table 2. Results were statistically
analyzed by ANOVA program.
Table 2. Levels of IL-1 and IL-7 in injected animals
Concentrations IL-1 (IL-7)
mg/100gm B.W. pg/mL pg/mL
0,625 9.933 ab +0.513 304.000 a +0.208
1,25 9.033 b +0.568 301.866 a + 0.276
2,5 10.700 a + 0.101 333.566 a +0.164
control 5.933 ¢ +0.890 290.700 b + 0.112

Similar letters indicate no significant differences, while different letters indicate
significant differences.

Levels of IL-7 and IL-1 and their activity in the body of an injected rats was
compared, we noticed that the levels of IL-7was higher than IL-1 in all three concentrations
as shown in Table 3.
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Table 3. Comparison between IL-1 and IL-7

Cytokines Concentrations of LPS Mg/100 Levels of cytokines

IL-1 0,625 9.933+0.513 ab
1,25 9.033+0.568 b

2,5 10.700+0.101 a
control 5.933+0.890 c

(IL-7) 0,625 304.000+0.208 a

1,25 301.866+0.276 a

2,5 333.566+0.164 a

control 290.700+0.112 b

Similar letters indicate no significant differences, while different letters indicate
significant differences.

4. Discussion

Analysis of LPS from the cell wall of S. typhi showed the presence of different
compounds via GC-MS. Several compounds were detected in different percentages. The
compounds detected were (2-4 Decadienal 2.23%, Hexacosyl trifluorbarelate 2.56%,
Hexacosyl heptafluovoacedate 44.37%, Octadecanoic acid 4.47%, n-hexadecanoic 10.18%
and oxacyclo hepta-dec-8-en-2-one 55.93%), these results come in agreement with Jackie et
al. (2021).

Our study also showed significant differences between levels of IL-1 in all three
concentrations when compared with control samples as shown in Table 2. The value of IL-
1 for (625, 1250, 25.00 mg/100gm b.w.) was equal to (9.933+0.513, 9.033+0.568, 10.700+0.101),
respectively, and the control sample was equal to (5.755+ 0.890), this result agree with the
findings of Febriza et al. (2020) and Ruemmale et al. (2002). The presence of LPS in
peripheral blood after infection is due to the production of IL-1 from monocytes,
endothelial cells protoblasts (Rattanasrisomporn et al., 2022). IL-1 has the ability to induce
the differentiation of T and B lymphocytes and promote the synthesis of specific proteins
that stimulate the liver cells (Poko et al., 2010). LPS also stimulates the release of reactive
oxygen and nitrogen particles, through TLR4-mediated carriers called NADPH oxidase
which is activates the macrophages and leads to oxidative and nitrosative stress and
damages the cells then causes failure of organs (Huang et al., 2020; Page et al., 2020; Yang
et al., 2020).

The current study showed that the levels of (IL-7 ) raised in peripheral blood of an
injected rat understudy compared with control samples, the levels were equal to
(304.000+0.208, 301.866+0.276, 333.566+0.164) pg/mL for three concentration (0,625, 1,25,
2,5) mg/100 b.w, respectively, while the control was equal to (290.700+0.112) pg/mL. It was
also noticed that there was no significant difference between the three concentrations
understudy, as shown in Table 2. The current results explain the effect of LPS
concentrations on the levels of (IL-7 ) regardless of the concentration, these findings agree
to what was observed by Febriza et al., (2020) and Kang et al., (2019) whom mentioned that
IL-7 is produced by macrophages and is activated by T cells lymphocyte when the body is
exposed to bacteria causing disease especially those that have endotoxin like LPS (Chaiwut
et al., 2022).
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From Table 3, we notice an increase in the levels of IL-1 which was significantly
affected by all concentrations of LPS, in comparison with IL-7 which kept its level non-
significantly in all three concentrations. This result may be due to exhibited rapid
expression of mRNA for IL-1 at pro infection by monocytes then was followed by cytokine
synthesis. A given LPS induced either high or low expression of the battery of cytokines
tested (Chaiwut ef al., 2022) indicating that the expression of these pro-inflammatory
cytokines may be regulated by a single or a cluster of genes (Agarwal et al., 1995). We can
also mention that the increase in the level of IL-1 causes critical induction of IL-7 secretion
in macrophages infected with LPS, this agrees with Guimaraes et al. (2020) when they used
Brucella abortus to infect macrophages. Moreover, IL-7 is the central inflammatory cytokine
produced by most infections, and recognition that it can induce tolerance made us consider
the possibility that IL-7 is responsible for the induction of tolerance (Loosbrook et al., 2014).

5. Conclusion

We conclude from this study, that extracted lipopolysaccharide from S. typhi induced
the immunity system in injected rats and caused the secretion of cytokines like IL-1 and
IL-7 in all concentration in a high level compared with the control sample.

Acknowledgments

The authors would like to express their sincerest gratitude to Dr. Nasim from the
animal house at the College of Veterinary Medicine\ University of Mosul for his assistance
and valuable advice in conducting the animal related experiments.

Funding

This research was supported by the University of Mosul, College of Science,
Department of Biology.

REFERENCES

Abdul Wahed, A. S. T. (2024). Preparation and evaluation of bacterial activity and study of the crystalline properties of
some 1,3-oxazepine-4,7-dione derivatives. Central Asian Journal of Theoretical and Applied Sciences, 5(2), 15-26.

Aftan, M. M,, Salih, H. K., & Talloh, A. A. (2021). Synthesis of new mesogenic Schiff bases ether with polar halogen
substituent and study their liquid crystalline properties. Journal of Education and Scientific Studies, 5(17).

Agarwal, S., Piesco, N. P., Johns, L. P., & Riccelli, A. E. (1995). Differential expression of IL-1f3, IL-7, IL-1, and IL-8 in
human monocytes in response to lipopolysaccharides from different microbes. Journal of Dental Research, 74(4),
57-68.

Ashurst, J. V., Truong, J., & Woodbury, B. (2018). Salmonella Typhi. STATPEARLS Publishing.

Chaiwut, R., & Kasinrerk, W. (2022). Very low concentration of lipopolysaccharide can induce the production of various

cytokines and chemokines in human primary monocytes. BMC Research Notes, 15(42), 1-8.

Chua, J. J., Chong, C. K., Lim, D. C. Y., & Li, S. F. Y. (2021). Rapid and sensitive direct detection of endotoxins by
pyrolysis gas chromatography-mass spectrometry. ACS Omega, 6, 15792-15198.
Daigle, F. (Ed.). (2021). Salmonella: Pathogenesis and Host Restriction. MDPL

Dalaf, A. H., Saleh, M. ]., & Saleh, J. N. (2024). Green synthesis, characterization, and multifaceted evaluation of
thiazolidinone derivatives: A study on biological and laser efficacy. European Journal of Modern Medicine and
Practice, 4(7), 155-168.

D'asheesh, T. A., Al-Kaabi, H. K. J., & Al-Khatidi, B. A. H. (2020). Investigation of IL-1, IL-8, and IL-7 among patients
infected with Proteus mirabilis in UTI cases. Journal of Physics: Conference Series, 1664, 012124.

Central Asian Journal of Theoretical and Applied Science 2024, 5(4), 349-355. https://cajotas.centralasianstudies.org/index.php/CAJOTAS



354

Di Paola, D., Natale, S., Gugliandolo, E., Cordaro, M., Crupi, R., Siracusa, R., et al. (2022). Assessment of 2-pentadecyl-
2-oxazoline role on lipopolysaccharide-induced inflammation on early stage development of zebrafish (Danio
rerio). Life, 12(1), 128.

Febriza, A., Natzir, R., Hatta, M., As'ad, S., Kaelan, C., & Kasim, V. N. (2020). The role of IL-1 and IL-7 in inhibiting the
growth of Salmonella Typhi: An in vivo study. The Open Microbiology Journal, 14, 65-71.

Grigoryan, R., Costas-Rodriguez, M., Van Wonterghem, E., Vandenbroucke, R. E., & Vanhaecke, F. (2021). Effect of
endotoxemia induced by intraperitoneal injection of lipopolysaccharide on the Mg isotopic composition of
biofluids and tissues in mice. Frontiers in Medicine, 8, 664666.

Guimaraes, E. S., Martins, J]. M., Gomes, M. T., Cerqueira, D. M., & Oliveira, S. C. (2020). Lack of interleukin-6 affects
TEN-y and IL-7 production and early in vivo control of Brucella abortus infection. Pathogens, 9(1040), 1-14.

Huang, Z., Xie, D., Xu, L., Huang, C., Zheng, M., Chen, Y., et al. (2020). Tetramethyl pyrazine ameliorates
lipopolysaccharide-induced sepsis in rats via protecting blood-brain barrier, impairing inflammation, and
nitrous oxide systems. Frontiers in Pharmacology, 11, 1-112.

Kalambhe, D. G., Zade, N. N., & Chaudhari, S. P. (2017). Evaluation of two different lipopolysaccharide extraction
methods for purity and functionality of LPS. International Journal of Current Microbiology and Applied Sciences,
6(3), 1296-1302.

Kang, K., Bachu, M., Park, S. H., Kang, K., Bae, S., Park, K. H., & Ivashkiv, L. B. (2019). IFN-y selectively suppresses a
subset of TLR4-activated genes and enhancers to potentiate macrophage activation. Nature Communications, 10,
1-14.

Khairallah, B. A.,, Muhammad, F. M., Saleh, J. N., & Saleh, M. J. (2024). Preparation, characterization, biological activity
evaluation, and liquid crystallography study of new diazepine derivatives. World of Medicine: Journal of
Biomedical Sciences, 1(7), 65-76.

Kintz, E., Heiss, G., Back, 1., Donohue, N., Brown, N., Davies, M. R., et al. (2017). Salmonella enterica serovar Typhi
lipopolysaccharide O-antigen modification impact on serum resistance and antibody recognition. Infection and
Immunity, 85(4), 1-10.

Kutschera, A., Schombel, U., Schwudke, D., Ranf, S., & Gisch, N. (2021). Analysis of the structure and biosynthesis of
the lipopolysaccharide core oligosaccharide of Pseudomonas syringae pv. tomato DC3000. International Journal of
Molecular Sciences, 22(6), 3250.

Liu, X, Yin, S., Chen, Y., Wu, Y., Zheng, W., Dong, H., Bai, Y., Qin, Y., Li, ], Feng, S., & Zhao, P. (2018). LPS-induced
proinflammatory cytokine expression in human airway epithelial cells and macrophages via NF-kB, STAT3 or
AP-1 activation. Molecular Medicine Reports, 17(4), 5484-5491.

Loosbrook, C., & Hunter, K. W. (2014). Inhibiting IL-7a signaling does not attenuate induction of endotoxin tolerance.
Journal of Inflammation Research, 7, 159-167.

Page, M. J., Kell, D. B., & Pretorius, E. (2022). The role of lipopolysaccharide-induced cell signaling in chronic
inflammation. Chronic Stress, 6, 24705470221076390.

Patra, K. P., Choudhury, B., Matthias, M. M., Baga, S., Bandyopadhya, K., & Vinetz, J. M. (2015). Comparative analysis
of lipopolysaccharides of pathogenic and intermediately pathogenic Leptospira species. BMC Microbiology, 15(1),
1-11.

Poko, K., Gorska, E., Emmle, A. S., Plywaczewski, R., Stoklosa, A., Gorecka, D., Pyrzak, B., & Demkow, U. (2010).
Proinflammatory cytokines IL-1 and IL-7 and the development of inflammation in obese subjects. European
Journal of Medical Research, 15(11), 120-122.

Rattanasrisomporn, J., Tandikositruj, C., Thiptara, A., Kitpipit, W., Wichianrat, I., & Kayan, A. (2022). Pro-inflammatory
cytokine release from chicken peripheral blood mononuclear cells stimulated with lipopolysaccharide.
Veterinary World, 15(4), 1-5.

Ruemmale, F. M., Beaulieu, J. F., Dionne, S., Levy, E., Seidman, E. G., & Bensussan, N. C. (2002). Lipopolysaccharide
modulation of normal enterocyte turnover by toll-like receptors is mediated by endogenously produced tumor
necrosis factor o. Gut, 51, 842-848.

Saleh, J. N., & Khalid, A. (2023). Synthesis, characterization, and biological activity evaluation of some new pyrimidine
derivatives by solid base catalyst A1203-OBa. Central Asian Journal of Medical and Natural Science, 4(4), 231-239.

Central Asian Journal of Theoretical and Applied Science 2024, 5(4), 349-355. https://cajotas.centralasianstudies.org/index.php/CAJOTAS



355

Saleh, M. J., & Al-Badrany, K. A. (2023). Preparation, characterization of new 2-oxo pyran derivatives by Al203-OK
solid base catalyst and biological activity evaluation. Central Asian Journal of Medical and Natural Science, 4(4),
222-230.

Saleh, M. ], Saleh, J. N., & Al-Badrany, K. (2024). Preparation, characterization, and evaluation of the biological activity
of pyrazoline derivatives prepared using a solid base catalyst. European Journal of Modern Medicine and Practice,
4(7), 25-32.

Sali, W., Patoli, D., Pais de Barros, J. P., Labbé, J., Deckert, V., Duhéron, V., et al. (2019). Polysaccharide chain length of
lipopolysaccharides from Salmonella Minnesota is a determinant of aggregate stability, plasma residence time
and proinflammatory propensity in vivo. Frontiers in Microbiology, 10, 1774.

Talluh, A. W. A. S. (2024). Preparation, characterization, evaluation of biological activity, and study of molecular
docking of azetidine derivatives. Central Asian Journal of Medical and Natural Science, 5(1), 608-616.

Talluh, A. W. A. S, Saleh, J. N., & Saleh, M. J. (2024). Preparation, characterization, evaluation of biological activity, and
study of molecular docking of some new thiazolidine derivatives.

Talluh, A. W. A. S, Saleh, M. ], & Saleh, J. N. (2024). Preparation, characterization, and study of the molecular docking
of some derivatives of the tetrazole ring and evaluation of their biological activity. World of Medicine: Journal of
Biomedical Sciences, 1(7), 15-23.

Talluh, A. W. A. S, Saleh, M. ], Saleh, J. N., Al-Badrany, K., & Mohammed Saleh Al-Jubori, H. (2024). Preparation,
characterization, and evaluation of the biological activity of new 2,3-dihydroquinazoline-4-one derivatives.
European Journal of Modern Medicine and Practice, 4(4), 326-332.

Tanaka, T., Narazaki, M., & Kishimoto, T. (2014). IL-6 in inflammation, immunity, and disease. Cold Spring Harbor
Perspectives in Biology, 6(10), a016295.

Villar-Fincheira, P., Sanhueza-Olivares, F., Norambuena-Soto, I., Cancino-Arenas, N., Hernandez-Vargas, F., Troncoso,
R., Gabrielli, L., et al. (2021). Role of interleukin-6 in vascular health and disease. Frontiers in Molecular
Biosciences, 8, 641734.

Yang, J., Hu, Y., Gong, G, Niu, L., Xing, N., & Zhao, D. (2017). Changes of inflammatory cytokines in a rat model of
cervical spondylosis. Experimental and Therapeutic Medicine, 15, 400-406.

Yang, X., & Ma, L. (2022). Post-treatment with propofol inhibits inflammatory response in LPS-induced alveolar type I
epithelial cells. Experimental and Therapeutic Medicine, 23(249), 1-6.

Zgair, S. 1. M., & Ghafil, ]. A. (2016). Extraction and purification of Pseudomonas aeruginosa lipopolysaccharide isolated
from wound infection. Experimental Bioscience, 5(1), 5-8.

Zhong, Y., Zhang, X., Hu, X,, & Li, Y. (2018). Effects of repeated lipopolysaccharide treatment on growth performance,
immune organ index, and blood parameters of Sprague-Dawley rats. Journal of Veterinary Research, 62, 341-346.

Central Asian Journal of Theoretical and Applied Science 2024, 5(4), 349-355. https://cajotas.centralasianstudies.org/index.php/CAJOTAS



