
 
 

84 
 

Daftar Pustaka 

 
Acton, S.E., Onder, L., Novkovic, M., Martinez, V.G. and Ludewig, B. (2021) 

“Communication, construction, and fluid control: lymphoid organ fibroblastic 

reticular cell and conduit networks,” Trends in Immunology, 42(9), pp. 782–

794. Available at: https://doi.org/10.1016/j.it.2021.07.003. 

American Diabetes Association. (2011) “Diagnosis and classification of diabetes 

mellitus,” Diabetes Care, 34 Suppl 1(Suppl 1), pp. S62-69. Available at: 

https://doi.org/10.2337/dc11-S062. 

A-Gonzalez, N. and Castrillo, A. (2018) “Origin and specialization of splenic 

macrophages,” Cellular Immunology, 330, pp. 151–158. Available at: 

https://doi.org/10.1016/j.cellimm.2018.05.005. 

Akbarzadeh, A., Norouzian, D., Mehrabi, M.R., Jamshidi, Sh., Farhangi, A., Verdi, 

A.A., Mofidian, S.M.A. and Rad, B.L. (2007) “Induction of diabetes by 

Streptozotocin in rats,” Indian Journal of Clinical Biochemistry, 22(2), pp. 60–

64. Available at: https://doi.org/10.1007/BF02913315. 

Aktuğ, Kosova, B., Yavasoğlu, A. and Çetintas, V.B. (2010) “Evaluation of 

caspase-3 and bcl-2 expressions in spleen tissue of streptozotocin-induced 

diabetic rats by immunohistochemistry and quantitative RT-PCR,” Ege 

Journal of Medicine, 49(1). 

Bake, S., Pinson, M.R., Pandey, S., Chambers, J.P., Mota, R., Fairchild, A.E., 

Miranda, R.C. and Sohrabji, F. (2021) “Prenatal alcohol-induced sex 

differences in immune, metabolic and neurobehavioral outcomes in adult rats,” 

Brain, Behavior, and Immunity, 98, pp. 86–100. Available at: 

https://doi.org/10.1016/j.bbi.2021.08.207. 

Berbudi, A., Rahmadika, N., Tjahjadi, A.I. and Ruslami, R. (2020) “Type 2 

Diabetes and its Impact on the Immune System,” Current Diabetes Reviews, 

16(5), pp. 442–449. Available at: 

https://doi.org/10.2174/1573399815666191024085838. 

Bondarenko, A., Angrisani, N., Meyer‐Lindenberg, A., Seitz, J.M., Waizy, H. and 

Reifenrath, J. (2014) “Magnesium‐based bone implants: Immunohistochemical 

Dampak Progresi Diabetes terhadap Lien Tikus: Kajian Stereologi, Histopatologi, Flow Cytometry
dan
Ekspresi Ligan Kemokin
Teresa Lucretia Maria Astari, Rina Susilowati, dr., Ph.D; Dewi Kartikawati Paramita, S.Si., M.Si., Ph.D.
Universitas Gadjah Mada, 2026 | Diunduh dari http://etd.repository.ugm.ac.id/



85 
 

 
 

analysis of peri‐implant osteogenesis by evaluation of osteopontin and 

osteocalcin expression,” Journal of Biomedical Materials Research Part A, 

102(5), pp. 1449–1457. Available at: https://doi.org/10.1002/jbm.a.34828. 

Borges Da Silva, H., Fonseca, R., Pereira, R.M., Cassado, A.D.A., Álvarez, J.M. 

and D’Império Lima, M.R. (2015) “Splenic Macrophage Subsets and Their 

Function during Blood-Borne Infections,” Frontiers in Immunology, 6. 

Available at: https://doi.org/10.3389/fimmu.2015.00480. 

Boyce, R.W., Dorph-Petersen, K.-A., Lyck, L. and Gundersen, H.J.G. (2010) 

“Design-based Stereology: Introduction to Basic Concepts and Practical 

Approaches for Estimation of Cell Number,” Toxicologic Pathology, 38(7), pp. 

1011–1025. Available at: https://doi.org/10.1177/0192623310385140. 

Breitfeld, D., Ohl, L., Kremmer, E., Ellwart, J., Sallusto, F., Lipp, M. and Förster, 

R. (2000) “Follicular B helper T cells express CXC chemokine receptor 5, 

localize to B cell follicles, and support immunoglobulin production,” The 

Journal of Experimental Medicine, 192(11), pp. 1545–1552. Available at: 

https://doi.org/10.1084/jem.192.11.1545. 

Cesta, M.F. (2006) “Normal Structure, Function, and Histology of the Spleen,” 

Toxicologic Pathology, 34(5), pp. 455–465. Available at: 

https://doi.org/10.1080/01926230600867743. 

Cruz, P.L., Moraes-Silva, I.C., Ribeiro, A.A., Machi, J.F., de Melo, M.D.T., Dos 

Santos, F., da Silva, M.B., Strunz, C.M.C., Caldini, E.G. and Irigoyen, M.-C. 

(2021) “Nicotinamide attenuates streptozotocin-induced diabetes 

complications and increases survival rate in rats: role of autonomic nervous 

system,” BMC endocrine disorders, 21(1), p. 133. Available at: 

https://doi.org/10.1186/s12902-021-00795-6. 

Daryabor, G., Atashzar, M.R., Kabelitz, D., Meri, S. and Kalantar, K. (2020) “The 

Effects of Type 2 Diabetes Mellitus on Organ Metabolism and the Immune 

System,” Frontiers in Immunology, 11, p. 1582. Available at: 

https://doi.org/10.3389/fimmu.2020.01582. 

Dampak Progresi Diabetes terhadap Lien Tikus: Kajian Stereologi, Histopatologi, Flow Cytometry
dan
Ekspresi Ligan Kemokin
Teresa Lucretia Maria Astari, Rina Susilowati, dr., Ph.D; Dewi Kartikawati Paramita, S.Si., M.Si., Ph.D.
Universitas Gadjah Mada, 2026 | Diunduh dari http://etd.repository.ugm.ac.id/



86 
 

 
 

DeFronzo, R.A. (2009) “From the Triumvirate to the Ominous Octet: A New 

Paradigm for the Treatment of Type 2 Diabetes Mellitus,” Diabetes, 58(4), pp. 

773–795. Available at: https://doi.org/10.2337/db09-9028. 

Dehghani, F., Hossieni, S.-A., Noorafshan, A., Panjehshahin, M.R. and 

Esmaeilpour, T. (2021) “Effect of Selenium on Quantitative Structural 

Changes in Dexamethasone-Induced Immunodeficiency Rat Models,” Iranian 

Journal of Medical Sciences, 46(2), pp. 128–135. Available at: 

https://doi.org/10.30476/ijms.2020.81137.0. 

Den Haan, J.M.M. and Kraal, G. (2012) “Innate Immune Functions of Macrophage 

Subpopulations in the Spleen,” Journal of Innate Immunity, 4(5–6), pp. 437–

445. Available at: https://doi.org/10.1159/000335216. 

Dias, H.F., Fu, J.F., Luck, T.G., Wolfe, G.E., Hostetter, E.R., Ng, N.C., Zheng, H., 

Kühtreiber, W.M., Price, J.C., Catana, C. and Faustman, D.L. (2024) “The 

spleen assumes a major role in blood glucose regulation in type 1 diabetes 

patients treated with BCG,” Scientific Reports, 14(1), p. 17611. Available at: 

https://doi.org/10.1038/s41598-024-67905-x. 

Dimitrijević, M., Stanojević, S., Blagojević, V., Ćuruvija, I., Vujnović, I., Petrović, 

R., Arsenović-Ranin, N., Vujić, V. and Leposavić, G. (2016) “Aging affects 

the responsiveness of rat peritoneal macrophages to GM-CSF and IL-4,” 

Biogerontology, 17(2), pp. 359–371. Available at: 

https://doi.org/10.1007/s10522-015-9620-x. 

Dolinsky, V.W., Chakrabarti, S., Pereira, T.J., Oka, T., Levasseur, J., Beker, D., 

Zordoky, B.N., Morton, J.S., Nagendran, J., Lopaschuk, G.D., Davidge, S.T. 

and Dyck, J.R.B. (2013) “Resveratrol prevents hypertension and cardiac 

hypertrophy in hypertensive rats and mice,” Biochimica et Biophysica Acta 

(BBA) - Molecular Basis of Disease, 1832(10), pp. 1723–1733. Available at: 

https://doi.org/10.1016/j.bbadis.2013.05.018. 

Ebaid, H. (2014) “Promotion of immune and glycaemic functions in streptozotocin-

induced diabetic rats treated with un-denatured camel milk whey proteins,” 

Nutrition & Metabolism, 11(1), p. 31. Available at: 

https://doi.org/10.1186/1743-7075-11-31. 

Dampak Progresi Diabetes terhadap Lien Tikus: Kajian Stereologi, Histopatologi, Flow Cytometry
dan
Ekspresi Ligan Kemokin
Teresa Lucretia Maria Astari, Rina Susilowati, dr., Ph.D; Dewi Kartikawati Paramita, S.Si., M.Si., Ph.D.
Universitas Gadjah Mada, 2026 | Diunduh dari http://etd.repository.ugm.ac.id/



87 
 

 
 

Ebaid, H., Al-Tamimi, J., Metwalli, A., Allam, A., Zohir, K., Ajarem, J., Rady, A., 

Alhazza, I.M. and Ibrahim, K.E. (2015) “Effect of STZ-Induced Diabetes on 

Spleen of Rats: Improvement by Camel Whey Proteins,” Pakistan J. Zool., 

47(4), p. 9. 

Elsner, M., Guldbakke, B., Tiedge, M., Munday, R. and Lenzen, S. (2000) “Relative 

importance of transport and alkylation for pancreatic beta-cell toxicity of 

streptozotocin,” Diabetologia, 43(12), pp. 1528–1533. Available at: 

https://doi.org/10.1007/s001250051564. 

Ferlita, S., Yegiazaryan, A., Noori, N., Lal, G., Nguyen, T., To, K. and 

Venketaraman, V. (2019) “Type 2 Diabetes Mellitus and Altered Immune 

System Leading to Susceptibility to Pathogens, Especially Mycobacterium 

tuberculosis,” Journal of Clinical Medicine, 8(12), p. 2219. Available at: 

https://doi.org/10.3390/jcm8122219. 

Fevang, B., Yndestad, A., Damås, J.K., Halvorsen, B., Holm, A.M., Beiske, K., 

Aukrust, P. and Frøland, S.S. (2009) “Chemokines and common variable 

immunodeficiency; possible contribution of CCL19, CCL21 and CCR7 to 

immune dysregulation,” Clinical and Experimental Immunology, 158(2), pp. 

237–245. Available at: https://doi.org/10.1111/j.1365-2249.2009.04013.x. 

Frydrych, L.M., Bian, G., O’Lone, D.E., Ward, P.A. and Delano, M.J. (2018) 

“Obesity and type 2 diabetes mellitus drive immune dysfunction, infection 

development, and sepsis mortality,” Journal of Leukocyte Biology, 104(3), pp. 

525–534. Available at: https://doi.org/10.1002/JLB.5VMR0118-021RR. 

Furman, B.L. (2021) “Streptozotocin‐Induced Diabetic Models in Mice and Rats,” 

Current Protocols in Pharmacology, 70(1). Available at: 

https://doi.org/10.1002/cpz1.78. 

Ghasemi, A., Khalifi, S. and Jedi, S. (2014) “Streptozotocin-nicotinamide-induced 

rat model of type 2 diabetes (review),” Acta Physiologica Hungarica, 101(4), 

pp. 408–420. Available at: https://doi.org/10.1556/APhysiol.101.2014.4.2. 

Ghosh, S., Chowdhury, S., Sarkar, P. and Sil, P.C. (2018) “Ameliorative role of 

ferulic acid against diabetes associated oxidative stress induced spleen 

damage,” Food and Chemical Toxicology, 118, pp. 272–286. 

Dampak Progresi Diabetes terhadap Lien Tikus: Kajian Stereologi, Histopatologi, Flow Cytometry
dan
Ekspresi Ligan Kemokin
Teresa Lucretia Maria Astari, Rina Susilowati, dr., Ph.D; Dewi Kartikawati Paramita, S.Si., M.Si., Ph.D.
Universitas Gadjah Mada, 2026 | Diunduh dari http://etd.repository.ugm.ac.id/



88 
 

 
 

Gordon, S. and Plüddemann, A. (2017) “Tissue macrophages: heterogeneity and 

functions,” BMC Biology, 15(1), p. 53. Available at: 

https://doi.org/10.1186/s12915-017-0392-4. 

Gowhari Shabgah, A., Al-Obaidi, Z.M.J., Sulaiman Rahman, H., Kamal 

Abdelbasset, W., Suksatan, W., Bokov, D.O., Thangavelu, L., Turki Jalil, A., 

Jadidi-Niaragh, F., Mohammadi, H., Mashayekhi, K. and Gholizadeh 

Navashenaq, J. (2022) “Does CCL19 act as a double-edged sword in cancer 

development?,” Clinical and Experimental Immunology, 207(2), pp. 164–175. 

Available at: https://doi.org/10.1093/cei/uxab039. 

Grosick, R., Alvarado-Vazquez, P.A., Messersmith, A. and Romero-Sandoval, E.A. 

(2018) “High glucose induces a priming effect in macrophages and exacerbates 

the production of pro-inflammatory cytokines after a challenge,” Journal of 

Pain Research, Volume 11, pp. 1769–1778. Available at: 

https://doi.org/10.2147/JPR.S164493. 

Guo, R., Chen, Y., Liu, L., Wen, J., Yang, H., Zhu, Y., Gao, M., Liang, H., Lai, W. 

and Long, H. (2021) “Nerve Growth Factor Enhances Tooth Mechanical 

Hyperalgesia Through C-C Chemokine Ligand 19 in Rats,” Frontiers in 

Neurology, 12, p. 540660. Available at: 

https://doi.org/10.3389/fneur.2021.540660. 

Henry, R.A. and Kendall, P.L. (2010) “CXCL13 Blockade Disrupts B Lymphocyte 

Organization in Tertiary Lymphoid Structures without Altering B Cell 

Receptor Bias or Preventing Diabetes in Nonobese Diabetic Mice,” The 

Journal of Immunology, 185(3), pp. 1460–1465. Available at: 

https://doi.org/10.4049/jimmunol.0903710. 

Hoover, D.B., Brown, T.C., Miller, M.K., Schweitzer, J.B. and Williams, D.L. 

(2017) “Loss of Sympathetic Nerves in Spleens from Patients with End Stage 

Sepsis,” Frontiers in Immunology, 8, p. 1712. Available at: 

https://doi.org/10.3389/fimmu.2017.01712. 

Hsieh, C.-H., Jian, C.-Z., Lin, L.-I., Low, G.-S., Ou, P.-Y., Hsu, C. and Ou, D.-L. 

(2022) “Potential Role of CXCL13/CXCR5 Signaling in Immune Checkpoint 

Dampak Progresi Diabetes terhadap Lien Tikus: Kajian Stereologi, Histopatologi, Flow Cytometry
dan
Ekspresi Ligan Kemokin
Teresa Lucretia Maria Astari, Rina Susilowati, dr., Ph.D; Dewi Kartikawati Paramita, S.Si., M.Si., Ph.D.
Universitas Gadjah Mada, 2026 | Diunduh dari http://etd.repository.ugm.ac.id/



89 
 

 
 

Inhibitor Treatment in Cancer,” Cancers, 14(2), p. 294. Available at: 

https://doi.org/10.3390/cancers14020294. 

Jørgensen, A.S., Adogamhe, P.E., Laufer, J.M., Legler, D.F., Veldkamp, C.T., 

Rosenkilde, M.M. and Hjortø, G.M. (2018) “CCL19 with CCL21-tail displays 

enhanced glycosaminoglycan binding with retained chemotactic potency in 

dendritic cells,” Journal of Leukocyte Biology, 104(2), pp. 401–411. Available 

at: https://doi.org/10.1002/JLB.2VMA0118-008R. 

Khanenko, O.B. and Popovych, Yu.I. (2024) “Histological Changes In The Rat 

Spleen In The Early Stages Of Experimental Streptozotocin-Induced Diabe-

Tes Mellitus,” Bukovinian Medical Herald, 28(3 (111)), pp. 43–46. Available 

at: https://doi.org/10.24061/2413-0737.28.3.111.2024.8. 

Kim, C.H. and Liu, Q. (2020) “Periarteriolar stroma cells guide T cells from the red 

to the white pulp in the spleen,” Cellular & Molecular Immunology, 17(10), 

pp. 1019–1021. Available at: https://doi.org/10.1038/s41423-020-0506-8. 

King, A. and Bowe, J. (2016) “Animal models for diabetes: Understanding the 

pathogenesis and finding new treatments,” Biochemical Pharmacology, 99, pp. 

1–10. Available at: https://doi.org/10.1016/j.bcp.2015.08.108. 

Kipp, M., Kiessling, M.C., Hochstrasser, T., Roggenkamp, C. and Schmitz, C. 

(2017) “Design-Based Stereology for Evaluation of Histological Parameters,” 

Journal of Molecular Neuroscience, 61(3), pp. 325–342. Available at: 

https://doi.org/10.1007/s12031-016-0858-9. 

Kishore, A. and Petrek, M. (2021) “Roles of Macrophage Polarization and 

Macrophage-Derived miRNAs in Pulmonary Fibrosis,” Frontiers in 

Immunology, 12, p. 678457. Available at: 

https://doi.org/10.3389/fimmu.2021.678457. 

Lewis, S.M., Williams, A. and Eisenbarth, S.C. (2019) “Structure and function of 

the immune system in the spleen,” Science Immunology, 4(33), p. eaau6085. 

Available at: https://doi.org/10.1126/sciimmunol.aau6085. 

Li, J., Minćzuk, K., Massey, J.C., Howell, N.L., Roy, R.J., Paul, S., Patrie, J.T., 

Kramer, C.M., Epstein, F.H., Carey, R.M., Taegtmeyer, H., Keller, S.R. and 

Kundu, B.K. (2020) “Metformin Improves Cardiac Metabolism and Function, 

Dampak Progresi Diabetes terhadap Lien Tikus: Kajian Stereologi, Histopatologi, Flow Cytometry
dan
Ekspresi Ligan Kemokin
Teresa Lucretia Maria Astari, Rina Susilowati, dr., Ph.D; Dewi Kartikawati Paramita, S.Si., M.Si., Ph.D.
Universitas Gadjah Mada, 2026 | Diunduh dari http://etd.repository.ugm.ac.id/



90 
 

 
 

and Prevents Left Ventricular Hypertrophy in Spontaneously Hypertensive 

Rats,” Journal of the American Heart Association, 9(7), p. e015154. Available 

at: https://doi.org/10.1161/JAHA.119.015154. 

Luther, S.A., Bidgol, A., Hargreaves, D.C., Schmidt, A., Xu, Y., Paniyadi, J., 

Matloubian, M. and Cyster, J.G. (2002) “Differing Activities of Homeostatic 

Chemokines CCL19, CCL21, and CXCL12 in Lymphocyte and Dendritic Cell 

Recruitment and Lymphoid Neogenesis,” The Journal of Immunology, 169(1), 

pp. 424–433. Available at: https://doi.org/10.4049/jimmunol.169.1.424. 

Masuda, T., Satodate, R., Tsuruga, K. and Kasai, T. (1993) “Quantitative 

assessment of a change of hemosiderin deposition with age in splenic 

compartments of rats,” The Tohoku Journal of Experimental Medicine, 170(3), 

pp. 169–179. Available at: https://doi.org/10.1620/tjem.170.169. 

McHugh, M.L. (2012) “Interrater reliability: the kappa statistic,” Biochemia 

Medica, pp. 276–282. Available at: https://doi.org/10.11613/BM.2012.031. 

Mota, C.M.D. and Madden, C.J. (2022) “Neural control of the spleen as an effector 

of immune responses to inflammation: mechanisms and treatments,” American 

Journal of Physiology-Regulatory, Integrative and Comparative Physiology, 

323(4), pp. R375–R384. Available at: 

https://doi.org/10.1152/ajpregu.00151.2022. 

Muller, Y.D., Golshayan, D., Ehirchiou, D., Wyss, J.C., Giovannoni, L., Meier, R., 

Serre-Beinier, V., Puga Yung, G., Morel, P., Bühler, L.H. and Seebach, J.D. 

(2011) “Immunosuppressive Effects of Streptozotocin-Induced Diabetes 

Result in Absolute Lymphopenia and a Relative Increase of T Regulatory 

Cells,” Diabetes, 60(9), pp. 2331–2340. Available at: 

https://doi.org/10.2337/db11-0159. 

Murphy, K. and Weaver, C. (2017) Janeway’s Immunobiology. 9th ed. New York, 

USA: Garland Science, Taylor & Francis Group. 

Murray, K., Godinez, D.R., Brust-Mascher, I., Miller, E.N., Gareau, M.G. and 

Reardon, C. (2017) “Neuroanatomy of the spleen: Mapping the relationship 

between sympathetic neurons and lymphocytes,” PLOS ONE. Edited by I. 

Dampak Progresi Diabetes terhadap Lien Tikus: Kajian Stereologi, Histopatologi, Flow Cytometry
dan
Ekspresi Ligan Kemokin
Teresa Lucretia Maria Astari, Rina Susilowati, dr., Ph.D; Dewi Kartikawati Paramita, S.Si., M.Si., Ph.D.
Universitas Gadjah Mada, 2026 | Diunduh dari http://etd.repository.ugm.ac.id/



91 
 

 
 

Silman, 12(7), p. e0182416. Available at: 

https://doi.org/10.1371/journal.pone.0182416. 

Nandagopal, S., Wu, D. and Lin, F. (2011) “Combinatorial Guidance by CCR7 

Ligands for T Lymphocytes Migration in Co-Existing Chemokine Fields,” 

PLoS ONE. Edited by D. Unutmaz, 6(3), p. e18183. Available at: 

https://doi.org/10.1371/journal.pone.0018183. 

Neely, H.R. and Flajnik, M.F. (2015) “CXCL13 Responsiveness but Not CXCR5 

Expression by Late Transitional B Cells Initiates Splenic White Pulp 

Formation,” The Journal of Immunology, 194(6), pp. 2616–2623. Available at: 

https://doi.org/10.4049/jimmunol.1401905. 

Nyengaard, J.R. and Gundersen, H.J.G. (2006) “Sampling for stereology in lungs,” 

European Respiratory Review, 15(101), pp. 107–114. Available at: 

https://doi.org/10.1183/09059180.00010101. 

Özerkan, D., Özsoy, N., Cebesoy, S. and Özer, Ç. (2021) “Distribution of spleen 

connective tissue fibers in diabetic and vitamin C treated diabetic rats,” 

Biotechnic & Histochemistry, 96(5), pp. 347–353. Available at: 

https://doi.org/10.1080/10520295.2020.1795718. 

Parker, G.A., Picut, C.A., Swanson, C. and Toot, J.D. (2015) “Histologic Features 

of Postnatal Development of Immune System Organs in the Sprague-Dawley 

Rat,” Toxicologic Pathology, 43(6), pp. 794–815. Available at: 

https://doi.org/10.1177/0192623315578720. 

van de Pavert, S.A., Olivier, B.J., Goverse, G., Vondenhoff, M.F., Greuter, M., 

Beke, P., Kusser, K., Höpken, U.E., Lipp, M., Niederreither, K., Blomhoff, R., 

Sitnik, K., Agace, W.W., Randall, T.D., de Jonge, W.J. and Mebius, R.E. 

(2009) “Chemokine CXCL13 is essential for lymph node initiation and is 

induced by retinoic acid and neuronal stimulation,” Nature Immunology, 

10(11), pp. 1193–1199. Available at: https://doi.org/10.1038/ni.1789. 

Petersmann, A., Müller-Wieland, D., Müller, U.A., Landgraf, R., Nauck, M., 

Freckmann, G., Heinemann, L. and Schleicher, E. (2019) “Definition, 

Classification and Diagnosis of Diabetes Mellitus,” Experimental and Clinical 

Dampak Progresi Diabetes terhadap Lien Tikus: Kajian Stereologi, Histopatologi, Flow Cytometry
dan
Ekspresi Ligan Kemokin
Teresa Lucretia Maria Astari, Rina Susilowati, dr., Ph.D; Dewi Kartikawati Paramita, S.Si., M.Si., Ph.D.
Universitas Gadjah Mada, 2026 | Diunduh dari http://etd.repository.ugm.ac.id/



92 
 

 
 

Endocrinology & Diabetes, 127(S 01), pp. S1–S7. Available at: 

https://doi.org/10.1055/a-1018-9078. 

Queiroz, L.A.D., Assis, J.B., Guimarães, J.P.T., Sousa, E.S.A., Milhomem, A.C., 

Sunahara, K.K.S., Sá-Nunes, A. and Martins, J.O. (2021) “Endangered 

Lymphocytes: The Effects of Alloxan and Streptozotocin on Immune Cells in 

Type 1 Induced Diabetes.,” Mediators of inflammation, 2021, p. 9940009. 

Available at: https://doi.org/10.1155/2021/9940009. 

Rabin, R.L. (2003) “CC, C, and CX3C Chemokines,” in Encyclopedia of 

Hormones. Elsevier, pp. 255–263. Available at: https://doi.org/10.1016/B0-12-

341103-3/00044-9. 

Rao, X., Huang, X., Zhou, Z. and Lin, X. (2013) “An improvement of the 2ˆ(–delta 

delta CT) method for quantitative real-time polymerase chain reaction data 

analysis,” Biostatistics, bioinformatics and biomathematics, 3(3), pp. 71–85. 

Restuti, A.N. setia, Yulianti, A. and Nuraini, N. (2018) “Intervensi Bubuk Kakao 

Terhadap Perubahan Kadar Gula Darah Puasa Tikus Sprague Dawley Diabetes 

Melitus,” Jurnal Riset Kesehatan, 7(2), p. 57. Available at: 

https://doi.org/10.31983/jrk.v7i2.3646. 

Rubione, J., Sbrascini, S.M., Miguel, B., Leiguarda, C., Coronel, M.F., McCarthy, 

C.J., Montaner, A., Villar, M.J. and Brumovsky, P.R. (2023) “Modulation of 

the Inflammatory Response by Pre-emptive Administration of IMT504 

Reduces Postoperative Pain in Rats and has Opioid-Sparing Effects,” The 

Journal of Pain, 24(6), pp. 991–1008. Available at: 

https://doi.org/10.1016/j.jpain.2023.01.013. 

Saeedi, P., Petersohn, I., Salpea, P., Malanda, B., Karuranga, S., Unwin, N., 

Colagiuri, S., Guariguata, L., Motala, A.A., Ogurtsova, K., Shaw, J.E., Bright, 

D. and Williams, R. (2019) “Global and regional diabetes prevalence estimates 

for 2019 and projections for 2030 and 2045: Results from the International 

Diabetes Federation Diabetes Atlas, 9th edition,” Diabetes Research and 

Clinical Practice, 157, p. 107843. Available at: 

https://doi.org/10.1016/j.diabres.2019.107843. 

Dampak Progresi Diabetes terhadap Lien Tikus: Kajian Stereologi, Histopatologi, Flow Cytometry
dan
Ekspresi Ligan Kemokin
Teresa Lucretia Maria Astari, Rina Susilowati, dr., Ph.D; Dewi Kartikawati Paramita, S.Si., M.Si., Ph.D.
Universitas Gadjah Mada, 2026 | Diunduh dari http://etd.repository.ugm.ac.id/



93 
 

 
 

Sato-Hashimoto, M., Saito, Y., Ohnishi, H., Iwamura, H., Kanazawa, Y., Kaneko, 

T., Kusakari, S., Kotani, T., Mori, M., Murata, Y., Okazawa, H., Ware, C.F., 

Oldenborg, P.-A., Nojima, Y. and Matozaki, T. (2011) “Signal Regulatory 

Protein α Regulates the Homeostasis of T Lymphocytes in the Spleen,” The 

Journal of Immunology, 187(1), pp. 291–297. Available at: 

https://doi.org/10.4049/jimmunol.1100528. 

Sholikah, T.A., Septaningtrias, D.E., Sumiwi, Y.A.A., Muthmainah, M. and 

Susilowati, R. (2024) “Prevention of colon enlargement by TNF-α antagonist 

in a streptozotocin-induced diabetic rat model,” Histology and Histopathology, 

39(11), pp. 1443–1455. Available at: https://doi.org/10.14670/HH-18-735. 

Shruthi, S., Sibi, J.M., Mohan, V., Babu, S., Nirmaladevi, V. and Aravindhan, V. 

(2022) “Decreased leukocyte exhaustion is associated with decreased IFN-β 

and increased α-defensin-1 levels in type-2 diabetes,” Cytokine, 156, p. 

155918. Available at: https://doi.org/10.1016/j.cyto.2022.155918. 

Sixt, M. and Lämmermann, T. (2020) “T Cells: Bridge-and-Channel Commute to 

the White Pulp,” Immunity, 52(5), pp. 721–723. Available at: 

https://doi.org/10.1016/j.immuni.2020.04.020. 

Szkudelski, T. (2012) “Streptozotocin–nicotinamide-induced diabetes in the rat. 

Characteristics of the experimental model,” Experimental Biology and 

Medicine, 237(5), pp. 481–490. Available at: 

https://doi.org/10.1258/ebm.2012.011372. 

Tomei, A.A., Siegert, S., Britschgi, M.R., Luther, S.A. and Swartz, M.A. (2009) 

“Fluid Flow Regulates Stromal Cell Organization and CCL21 Expression in a 

Tissue-Engineered Lymph Node Microenvironment,” The Journal of 

Immunology, 183(7), pp. 4273–4283. Available at: 

https://doi.org/10.4049/jimmunol.0900835. 

Tschanz, S., Schneider, J.P. and Knudsen, L. (2014) “Design-based stereology: 

Planning, volumetry and sampling are crucial steps for a successful study,” 

Annals of Anatomy - Anatomischer Anzeiger, 196(1), pp. 3–11. Available at: 

https://doi.org/10.1016/j.aanat.2013.04.011. 

Dampak Progresi Diabetes terhadap Lien Tikus: Kajian Stereologi, Histopatologi, Flow Cytometry
dan
Ekspresi Ligan Kemokin
Teresa Lucretia Maria Astari, Rina Susilowati, dr., Ph.D; Dewi Kartikawati Paramita, S.Si., M.Si., Ph.D.
Universitas Gadjah Mada, 2026 | Diunduh dari http://etd.repository.ugm.ac.id/



94 
 

 
 

Tunali, S. and Yanardag, R. (2006) “Effect of vanadyl sulfate on the status of lipid 

parameters and on stomach and spleen tissues of streptozotocin-induced 

diabetic rats,” Pharmacological Research, 53(3), pp. 271–277. Available at: 

https://doi.org/10.1016/j.phrs.2005.12.004. 

Tveita, A., Murphy, S.L., Holter, J.C., Kildal, A.B., Michelsen, A.E., Lerum, T.V., 

Kaarbø, M., Heggelund, L., Holten, A.R., Finbråten, A.-K., Müller, K.E., 

Mathiessen, A., Bøe, S., Fevang, B., Granerud, B.K., Tonby, K., Lind, A., 

Dudman, S.G., Henriksen, K.N., Müller, F., Skjønsberg, O.H., Trøseid, M., 

Barratt-Due, A., Dyrhol-Riise, A.M., Aukrust, P., Halvorsen, B., Dahl, T.B., 

Ueland, T., and NOR-SOLIDARITY Consortium and the Norwegian SARS-

CoV-2 Study Group Investigators (2022) “High Circulating Levels of the 

Homeostatic Chemokines CCL19 and CCL21 Predict Mortality and Disease 

Severity in COVID-19,” The Journal of Infectious Diseases, 226(12), pp. 

2150–2160. Available at: https://doi.org/10.1093/infdis/jiac313. 

Vandesompele, J., De Preter, K., Pattyn, F., Poppe, B., Van Roy, N., De Paepe, A. 

and Speleman, F. (2002) “Accurate normalization of real-time quantitative RT-

PCR data by geometric averaging of multiple internal control genes,” Genome 

Biology, 3(7), p. research0034.1-research0034.11. 

Villeda-González, J.D., Gómez-Olivares, J.L., Baiza-Gutman, L.A., Manuel-

Apolinar, L., Damasio-Santana, L., Millán-Pacheco, C., Ángeles-Mejía, S., 

Cortés-Ginez, M.C., Cruz-López, M., Vidal-Moreno, C.J. and Díaz-Flores, M. 

(2020) “Nicotinamide reduces inflammation and oxidative stress via the 

cholinergic system in fructose-induced metabolic syndrome in rats,” Life 

Sciences, 250, p. 117585. Available at: 

https://doi.org/10.1016/j.lfs.2020.117585. 

Wang, J., Qin, D., Ye, L., Wan, L., Wang, F., Yang, Y., Ma, Y., Yang, H., Yang, 

Z., Chen, M., Jiang, W. and Zhang, Q. (2022) “CCL19 has potential to be a 

potential prognostic biomarker and a modulator of tumor immune 

microenvironment (TIME) of breast cancer: a comprehensive analysis based 

on TCGA database,” Aging (Albany NY), 14(9), pp. 4158–4175. Available at: 

https://doi.org/10.18632/aging.204081. 

Dampak Progresi Diabetes terhadap Lien Tikus: Kajian Stereologi, Histopatologi, Flow Cytometry
dan
Ekspresi Ligan Kemokin
Teresa Lucretia Maria Astari, Rina Susilowati, dr., Ph.D; Dewi Kartikawati Paramita, S.Si., M.Si., Ph.D.
Universitas Gadjah Mada, 2026 | Diunduh dari http://etd.repository.ugm.ac.id/



95 
 

 
 

Wang, M., Xiong, Y., Zhu, W., Ruze, R., Xu, Q., Yan, Z., Zhu, J., Zhong, M., 

Cheng, Y., Hu, S. and Zhang, G. (2021) “Sleeve Gastrectomy Ameliorates 

Diabetes-Related Spleen Damage by Improving Oxidative Stress Status in 

Diabetic Obese Rats,” Obesity Surgery, 31(3), pp. 1183–1195. Available at: 

https://doi.org/10.1007/s11695-020-05073-3. 

Wang, S.-F., Dong, C.-G., Yang, X. and Yin, J.-J. (2016) “Upregulation of (C-X-C 

motif) Ligand 13 (CXCL13) Attenuates Morphine Analgesia in Rats with 

Cancer-Induced Bone Pain,” Medical Science Monitor, 22, pp. 4612–4622. 

Available at: https://doi.org/10.12659/MSM.897702. 

Wei, Y., Wang, T., Liao, L., Fan, X., Chang, L. and Hashimoto, K. (2022) “Brain-

spleen axis in health and diseases: A review and future perspective,” Brain 

Research Bulletin, 182, pp. 130–140. Available at: 

https://doi.org/10.1016/j.brainresbull.2022.02.008. 

Wen, J.-H., Li, D.-Y., Liang, S., Yang, C., Tang, J.-X. and Liu, H.-F. (2022) 

“Macrophage autophagy in macrophage polarization, chronic inflammation 

and organ fibrosis,” Frontiers in Immunology, 13, p. 946832. Available at: 

https://doi.org/10.3389/fimmu.2022.946832. 

Wu, H., Tremaroli, V., Schmidt, C., Lundqvist, A., Olsson, L.M., Krämer, M., 

Gummesson, A., Perkins, R., Bergström, G. and Bäckhed, F. (2020a) “The Gut 

Microbiota in Prediabetes and Diabetes: A Population-Based Cross-Sectional 

Study,” Cell Metabolism, 32(3), pp. 379-390.e3. Available at: 

https://doi.org/10.1016/j.cmet.2020.06.011. 

Wu, Y., Jia, G., Wang, B., Xiong, J., Xu, J., Zheng, P., Yuan, Y., Li, Y., Jiang, T., 

Al Mamun, A., Xu, K., Liu, Y., Cao, H. and Xiao, J. (2020b) “Fibroblast 

growth factor 1 ameliorates diabetes-induced splenomegaly via suppressing 

inflammation and oxidative stress,” Biochemical and Biophysical Research 

Communications, 528(2), pp. 249–255. Available at: 

https://doi.org/10.1016/j.bbrc.2020.05.145. 

Xue, J., Gao, J., Gu, Y., Wang, A., Yu, S., Li, B., Yin, Y., Wang, J., Su, W., Zhang, 

H., Ren, W., Gu, W., Lv, Z., Mu, Y. and Cheng, Y. (2022) “Human umbilical 

cord-derived mesenchymal stem cells alleviate insulin resistance in diet-

Dampak Progresi Diabetes terhadap Lien Tikus: Kajian Stereologi, Histopatologi, Flow Cytometry
dan
Ekspresi Ligan Kemokin
Teresa Lucretia Maria Astari, Rina Susilowati, dr., Ph.D; Dewi Kartikawati Paramita, S.Si., M.Si., Ph.D.
Universitas Gadjah Mada, 2026 | Diunduh dari http://etd.repository.ugm.ac.id/



96 
 

 
 

induced obese mice via an interaction with splenocytes,” Stem Cell Research 

& Therapy, 13(1), p. 109. Available at: https://doi.org/10.1186/s13287-022-

02791-6. 

Yan, L.-J. and Wu, J. (2015) “Streptozotocin-induced type 1 diabetes in rodents as 

a model for studying mitochondrial mechanisms of diabetic &beta; cell 

glucotoxicity,” Diabetes, Metabolic Syndrome and Obesity: Targets and 

Therapy, p. 181. Available at: https://doi.org/10.2147/DMSO.S82272. 

Zafar, M. and Naeem-ul-Hassan Naqvi, S. (2010) “Effects of STZ-Induced 

Diabetes on the Relative Weights of Kidney, Liver and Pancreas in Albino 

Rats: A Comparative Study,” International Journal of Morphology, 28(1). 

Available at: https://doi.org/10.4067/S0717-95022010000100019. 

Zhang, J., Deng, Z., Jin, L., Yang, C., Liu, J., Song, H., Han, W. and Si, Y. (2017) 

“Spleen-Derived Anti-Inflammatory Cytokine IL-10 Stimulated by Adipose 

Tissue-Derived Stem Cells Protects Against Type 2 Diabetes,” Stem Cells and 

Development, 26(24), pp. 1749–1758. Available at: 

https://doi.org/10.1089/scd.2017.0119. 

Zhu, H., Chai, Y., Dong, D., Zhang, N., Liu, W., Ma, T., Wu, R., Lv, Y. and Hu, L. 

(2018) “AICAR-Induced AMPK Activation Inhibits the Noncanonical NF- κ 

B Pathway to Attenuate Liver Injury and Fibrosis in BDL Rats,” Canadian 

Journal of Gastroenterology and Hepatology, 2018, pp. 1–10. Available at: 

https://doi.org/10.1155/2018/6181432. 

Zotes, T.M., Spada, R., Mulens, V., Pérez-Yagüe, S., Sorzano, C.O., Okkenhaug, 

K., Carrera, A.C. and Barber, D.F. (2013) “PI3K p110δ Is Expressed by 

gp38−CD31+ and gp38+CD31+ Spleen Stromal Cells and Regulates Their 

CCL19, CCL21, and LTβR mRNA Levels,” PLoS ONE. Edited by J.H. Fritz, 

8(8), p. e72960. Available at: https://doi.org/10.1371/journal.pone.0072960. 

 

Dampak Progresi Diabetes terhadap Lien Tikus: Kajian Stereologi, Histopatologi, Flow Cytometry
dan
Ekspresi Ligan Kemokin
Teresa Lucretia Maria Astari, Rina Susilowati, dr., Ph.D; Dewi Kartikawati Paramita, S.Si., M.Si., Ph.D.
Universitas Gadjah Mada, 2026 | Diunduh dari http://etd.repository.ugm.ac.id/


