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INTRODUCTION 

Rift Valley fever virus (RVFV) is a mosquito-borne 

zoonotic pathogen causing disease outbreaks in Africa 

and the Arabian Peninsula
[1]

. A vaccine is a biological 

preparation that improves immunity to a particular 

disease. A vaccine typically contains an agent that 

resembles a disease-causing microorganism and is often 

made from weakened or killed forms of the microbe, its 

toxins or one of its surface proteins. This agent 

stimulates the body's immune system to recognize the 

foreign agent, destroy it, and "remember" it so that the 

immune system can more easily recognize and destroy 

any of these microorganisms that may encounters later
[2]

. 

Vaccines do not usually show good immunogenic 

properties similar to native microorganisms because of 

either chemical modifications or usage of none whole 

live microorganism
[3]

.  

 

Adjuvants can be used for multiple purposes: to enhance 

immunogenicity, provide antigen-dosesparing, to 

accelerate and evoke the immune response and reduce 

the need for booster immunizations. They also increase 

the duration of protection and improve efficacy in poor 

responder populations
[4]

. The optimally formulated 

adjuvant must be safe, stable before administration, 

readily biodegraded and eliminated, able to promote an 

antigen-specific immune response, inexpensive to 

produce, and easy to use
[5]

. Aluminum (Alum)salt is a 

dominant kind of adjuvants used, but it has limited 

capacity to generate the cellular immune response 

required for vaccines against cancers and viral diseases. 

It is desirable to develop new and efficient adjuvants 

with the aim of improving the cellular immune response 

against the antigen. As nanotechnology increasingly 

plays a significant role in vaccine development, the use 

of nanoparticles in vaccine formulations may allows 

improved antigen stability and immunogenicity, targeted 

delivery and slow release. Gold nanoparticles can be 

used as a new immune adjuvant to improve immune 

responses
[6]

. The spleen is thought to be central in 

regulating the immune system and a metabolic asset that 

involved in the endocrine function
[7]

. As the spleen is 

organized into the red pulp and white pulp, that are 

separated by the marginal zone (MZ)
[8]

. The splenic red 

pulp contains macrophages that serve mostly to filter 

blood and recycle iron from aging red blood cells while 

the white pulp that is structurally similar to lymph node 

and contains T-cell and B-cell zones. The structural 

organization and multicellular composition of the spleen 

also permit monitoring of most of the blood in the red 

pulp and MZ. Diverse splenic populations not only trap 

and remove blood-borne antigens but also initiate innate 

and adaptive immune responses against pathogens. 

Additionally, the spleen is a site where immune 
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responses that are deleterious to the host can be regulated 

through several subsets of cells
[9]

. Immunohistochemistry 

(IHC) refers to the process of detecting antigens (e.g. 

proteins) in cells of a tissue section by exploiting the 

principle of antibodies binding specifically to antigens in 

biological tissues
[10]

. It is widely used in basic research to 

understand the distribution and localization of 

biomarkers and differentially expressed proteins in 

different parts of a biological tissue. Proliferating cell 

nuclear antigen (PCNA) plays an essential role in nucleic 

acid metabolism as a component of the replication and 

repair machinery. In this study, the ability of GNPs as an 

adjuvant to evoke the immune response against 

RVFVwas investigated and the immunohistochemical 

and histopathological changes that induced in the rat 

splenic tissues were determined. 

 

MATERIALS AND METHODS 

Preparation of adjuvants 

Sphere and rod gold nanoparticles adjuvants 

Sphere and rod gold nanoparticles were purchased as 2 

Nm from Nano Tech. company. 

 

Aluminum phosphate (Alum) adjuvant                        

Aluminum phosphate (Alum) was prepared in 40 ml 

normal saline according to
[11]

. 

 

Animals 

Male albino rats;were supplied from Theodore Bilharz 

Research Institute, Giza, Cairo. Body weights of rats 

ranged from 75-80 gm. thatwere housed in metallic 

cages. All rats were housed in VACCERA and kept 

under good conditions of light and temperature, allowed 

free access tap water and dry feed diet. Animals were 

kept under observation for about one week before the 

onset of the experiment for adaptation. Care and cleaning 

were important for maintaining the animals in a normal 

healthy state. Animals used in the present experiment 

were divided randomly into seven groups (ten rats in 

each group) 

Group (1): served as the negative control group. 

Other sex groups were immunized subcutaneously by 0.5 

ml RVFV/rat as:  

Group (2): RVF vaccine only 

Group (3): RVF vaccine conjugated with alum phosphate  

Group (4): RVF vaccine conjugated with 20 Nm SGNP 

Group (5): RVF vaccine conjugated with 40 Nm SGNP 

Group (6): RVF vaccine conjugated with 20 Nm RGNP 

Group (7): RVF vaccine conjugated with 40 Nm RGNP 

 

Immunohistochemical and histological Studies 

Fresh specimens of spleen were taken from the control 

and treated groups. The specimens were fixed in 10% 

neutral buffer formol for the histological and 

immunohistochemical studies. Specimens were washed 

and dehydrated in ascending grades of alcohol, cleared in 

xylene and embedded in paraffin wax. Sections were cut 

at 5µ thickness and stained with hematoxylin& eosin 

stain for histological studies according to the method 

of
[12]

 and PCNA stainfor immunohistochemical studies. 

 

RESULTS 

Immunohistochemical changes in rat splenic tissue 

Immune reaction of splenic rat tissue was observed for 

non adjuvanated (Vac) and adjuvanated groups (Alum 

and R&SGNPs) after 60 days of treatment using PCNA. 

Mean while a negative immune reaction in the rat splenic 

tissue was recorded in the control group (Fig. 1).The rat 

splenic tissue of non adjuvanated (vac) group showed 

moderate immune reaction (++ve) (Fig. 2), while adense 

positive immune reaction (+++ve) was observed in the 

vac+alum group and the lymphocytes were showed in 

the red pulp (Fig. 3). The 20 &40 SGNP groups showed 

a dense immune reaction (+++ve) in the white pulp that 

slightly extend in the red pulp (Fig. 4&5).Rat splenic 

tissue of 20 RGNP group showed heavy dense immune 

reaction (++++ve)accompanied with many lymphocytes 

scattered in the red pulp (Fig. 6a). Also there was 

connected white pulps appered in this treated group (Fig. 

6b).  However a dense immune reaction (+++ve) was 

appeared in both of white and red pulps of the 40 nM 

RGNP group (Fig. 7a&b). 
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Histological changes in rat splenic tissue 

Hematoxylin and eosin stain was used for studing the 

splenic tissues of rats in different groups. As compared 

to the negative control group showed distinct red pulps, 

capsule surrounds the splenic tissue, spleen follicles, and 

clear white pulpswith central arteries inside it(Fig 1). 

Splenic tissue of rats of the non adjuvanted group (Vac) 

showed a highly enlarged and thickened trabeculae 

which contain highly dilated and congested trabecular 

veins, highly thickened wall of central arteries with 

narrow lumen.Highly increasing and proliferation of 

lymphocytes comparing to  negative control group 

werenoticed in the white pulps which connected with 

each other whilethe blood sinuses in the red pulps were 

highly dilated and congested(Figs. 2a, b, c). The Alum 

adjuvanted groupshowed highly thickened walls of the 

central arteries with narrow lumens whilesome white 

pulps showed increased proliferation of lymphocytes 

inside them(Figs. 3a&b).Gold adjuvanted groups showed 

highly disturbed arrangements of lymphocytes around 

the central arteries. Highly congested blood sinuses in 

the red pulps accompanied with branched white pulps 

and highly increased proliferation of lymphocytes. 

Additionally, some lymphocytes invaded the red pulps. 

Splenic tissue of rats of the 

20&40SGNPadjuvantedgroup showed the central arteries 

with highly thickened walls and narrow lumens with 

increased lymphocytes in the white pulp. Congested 
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pools of blood sinuses and congested trabecular vein 

which contains numerous hemosiderin granules and 

hemolyzed blood cellswere also noticedin the red 

pulps(Figs. 4a&b Figs. 7a&b). Splenic rat tissue of the 

20&40 Nm RGNPadjuvanted group showed elongated, 

corrugated, dilated and congested trabecular veins with 

thickened trabeculae. Connected white pulps with highly 

increased proliferation of lymphocyteswere also 

observed. In the red pulps, congested pools of blood 

sinuses and highly thickened walls of the central arteries 

with highly narrowed lumens in the white pulps were 

noticed (Figs. 5a&b, Figs. 6a&b). In addition, numerous 

lymphocytes invade the red pulp in 40 RGNP group was 

recorded. 

 

 

 

http://ccs.infospace.com/ClickHandler.ashx?encp=ld%3d20161106%26app%3d1%26c%3dglobososohosted3%26s%3dglobososohosted%26rc%3dglobososohosted3%26dc%3d%26euip%3d156.204.109.212%26pvaid%3de70f9983a90e4a3ab278747b33b52979%26dt%3dDesktop%26fct.uid%3d1e762d6a69594c7c922c0e47b938ceb9%26en%3d%252b4VCRfsaYrl9kB2kqguA%252fj%252bdajJZZgWja5RVBooJiYs5AryrE5SOk0vlRdoVzg5q4c80HFnQ2XQ%253d%26ru%3dhttps%253a%252f%252fen.wikipedia.org%252fwiki%252fHemosiderin%26coi%3d771%26npp%3d1%26p%3d0%26pp%3d0%26mid%3d9%26ep%3d1%26du%3dhttps%253a%252f%252fen.wikipedia.org%252fwiki%252fHemosiderin%26hash%3d25C6188048AE2D7DFB5E14216B96C9A2&ap=1&cop=main-title
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DISCUSSION 

In thepresentstudy, GNPswere evaluated with various 

shapes and concentrations as analternative adjuvant 

against RVFV. In the current work, the splenic rat tissues 

of Vac, Alum and S&RGNP groups showed many 

immunohistochemical changes compared to negative 

control group. Immune reaction in the spleen tissue using 

PCNA showed moderate immune reaction in Vac group, 

dense immune reaction in Alum and SGNPs groups and 

heavy dense immune reaction in RGNPs groups. This is 

due to the elevation of cytokines in all treated groups 

as
[13]

 who confirmed that the spleen develops and 

produces mature immune cells that are capable of 

identifying and destroying pathogens. As immune 

reaction in SGNP groups (20&40 nM)was observed in 

white pulp, it was appeared in both white and red pulps 

in thecase of RGNP groups (20&40 nM). This may be 

due to that, the nanorods targeted to tissues as fast as 

nanospheres as proved by
[14]

 who 

confirmedthatnanorodappears to adhere more effectively 

than nanosphere, allowing for drug targeting to aspecific 

type of cells.It was observed that, Alum. sphere and rod 

GNP groups showed dense immune reaction compared to 

negative control and non adjuvanted group,these results 

are in agreement with
[15]

 who mentioned that adjuvants 

reduce the amount of antigen, accelerate the immune 

response and increase cross-protection. In the current 

study the splenic tissues of GNPs showed connected 

white pulps with increased proliferation of lymphocytes 

that comein agreement with
[6]

, who proved that, the 

treatment with NPs on splenic rattissues linked to 

lymphocyte proliferation. As the exposure dose of gold 

was increased, the B- and T-lymphocyte proliferation 

stimulated was increased after 60days.This is due to the 

using of gold nanorodsthat deliver an innate immune 

activator and stimulate antiviral responses of the host 

innate immune system as suggested by
[16].[17]

 

demonstrated that the distribution of GNP is size-

dependent, the smallest particles showing the most 

widespread organ distribution including blood, heart, 

lungs, liver, spleen, kidney, thymus, brain, and 

reproductive organs.
[18]

 concludedthat, small GNPs (25-

nm GNPs) have a wider organ distribution than that of 

larger gold nanoparticles, with the liver and spleen being 

the dominant target organs. 

 

The present study revealed that, the splenic rat tissues of 

Vac, Alum and GNP-treated groups showed many 

histopathologicalchanges as compared to the control. 

These changes include increased number of connected 

white pulps with increased proliferation of lymphocytes 

and highly thickened wall of central arteries with narrow 

lumen. This is in agreement with
[19]

 who reported that the 

spleen from 8 to 37 nm GNP-treated mice showed 

various degrees of abnormality, as a significant 

aberration of white pulp of the spleens. However the 

white pulp normally consists of aggregates of lymphoid 

tissue and is responsible for the immunological function 

of the spleen, it showed a diffused splenic nodules in the 

experimental group. These abnormalities in the spleen 

may have been a consequence of direct contact with the 

invading GNPs, that may be transported through blood 

veins or through diffusion into the spleen.
[20]

 concluded 

that, spleen treated with Alum phosphate after 24 hr, 72 

hr, 1 week, 4 weeks and 8 weeks showed 

histopathological changes as lymphocytic depletion 

associated with appearance of multiple 

megakaryocytes.
[21]

 studyobserveda dense necrosis of 

lymphocytes in the white pulp in association with 

congestion of the capillary sinuses in the red pulp. While 

the study of
[22]

 noticed that an intense congestion of red 

pulps and widened sinusoids. 

 

CONCLUSION 

This study showed that GNP can be used as an adjuvant 

aginst RVFV can induce animmune response after one 

dose. GNP showed immunohistochemical and 

histopathological changes. 



www.ejbps.com 

 

Elqasem et al.                                                                 European Journal of Biomedical and Pharmaceutical Sciences 
 

542 

ACKNOWLEDGEMENT 

Authors wish to thank Prof. Dr. Fatma A. Eid, Prof. of 

cytochemistry and histology, Zoology Department, 

Faculty of Science, Al-Azhar University, Cairo, Egypt. 

We are also grateful to Department of Zoology, Faculty 

of Science (Girls branch), Al- Azhar University for 

providing laboratory facilities. 

 

REFERENCES 

1. Bonto F, William CW, Natasha NG, Davis SA, 

VinaySh, Bhupinder B, Sunwoo1 YS, Wenjun M, 

Barbara SD, Igor M, McVey SD, Juergen AR (A 

Recombinant Rift Valley Fever Virus Glycoprotein 

Subunit Vaccine Confers Full Protection against Rift 

Valley Fever Challenge in Sheep). Sci Rep; 2016; 6: 

27719. 

2. Health Emergencies Programme, 2016. 

3. Harandi M., Medaglini D,Shattock RJ. (Vaccine 

Adjuvants.Priority for Vaccine Research). Vaccine, 

2010; 28: 2363-2366. 

4. Coons AH, Creech HJ, Jones RN.(Immunological 

properties of an antibody containing a fluorescent 

group).ProcSocExpBiol Med, 1941; 47: 200-202. 

5. Perrie Y, Mohammed AR, Kirby DJ, McNeil SE, 

Bramwell VW. (Vaccine Adjuvant Systems: 

Enhancing the Efficacy of Sub-Unit Protein 

Antigens). International Journal of Pharmacy, 2008; 

364: 272-280.  

6. Yanyun F, Yanqiu Z, XuhongCh, Yingjian Z, 

Shumei M, Jing S, Lihong Y, Yuepu P, Geyu L. 

(Systemic Immune Effects of Titanium Dioxide 

Nanoparticles after Repeated Intratracheal 

Instillation in Rat). International Journal of 

Molecular Sciences, 2014; 15: 6961-6973.  

7. Vincenzo B, Mikael JP.(The Spleen in Local and 

Systemic Regulation of Immunity). Journal of 

Immunity, 2014; 39: 806-818. 

8. MacNeal WJ. (The circulation of blood through the 

spleen pulp). Arch Pathol Chic, 1929; 7: 215–227. 

9. Mebius RE, Kraal G. (Structure and function of the 

spleen). Nat Rev Immunol, 2005; 606–616. 

10. Ramos-Vara, JA, Miller MA. (When tissue antigens 

and antibodies get along: revisiting the technical 

aspects of immunohistochemistry--the red, brown, 

and blue technique).Veterinary Pathology, 2014; 51: 

42–87.  

11.  Gupta RK. (Aluminium compounds as vaccine 

adjuvants).Adv Drug Deliv Rev, 1998; 32: 155-172. 

12. Drury RAB, Wallington EA. (Preparation and 

fixation of tissues). Oxford University Press, 1980; 

41–54. 

13. ReginaB. (Spleen anatomy and function). Science 

Tech Math, 2016; 1: 3. 

14. Santa UC,Barbara’s, Samir M. (Nanorods found 

better than spherical nanoparticles for targeted drug 

delivery). National Academy of Science of the 

United States, 2013; 106: 10753–10758. 

15. Revere H, Boston MA. (Vaccine Adjuvants. 

Immunization and vaccine submit). IMVACS, 2016; 

11: 7-9. 

16. Krishnan VCh, Bonoiud CA, Davisb GW, Priya R, 

Hong D, Rui H,Bowzardb BJ, Bergeyd JE, Katzb 

MJ, Knighta RP, Sambhara S, Prasadd NP. (Gold 

nanorod delivery of an ssRNA immune activator 

inhibits pandemic H1N1 influenza viral replication). 

Proc Nat AcadSci USA.2010; 107: 10172–10177. 

17. Wim H, De Jong, Hagens IW, Petra K, Burger CM, 

Adrie¨nne JAM,Geertsma ER.(Particle size-

dependent organ distribution of gold nanoparticles 

after intravenous administration).Biomaterials, 

2008; 29: 1912-1919. 

18. Marek W, Bocho LM, Bednarski M, Dudek M, 

Knutelska J, Sapa J, Zygmunt M,Nowak G, Fitzner 

K. (Tissue distribution of gold nanoparticles after 

single intravenous administration in mice). 

Pharmacological Reports, 2013; 65: 1734-1740. 

19. Yu-ShiunCh, Yao-Ching H,Ian L,Huang 

SG.(Assessment of the In Vivo Toxicity of Gold 

Nanoparticles).Nanoscale Res. Lett., 2009; 4: 858–

864. 

20. Abd El-Razek NE, Shoman AS, Mohamed 

FA.(Nanocapsulated rift valley fever vaccine 

candidates and relative immunological and 

histopathological reactivity in out bred swiss mice). 

J Vaccin, 2011; 2: 115. 

21. Omar HM, Khadiga AH, Abd-ElghaffarSKh, 

Ahmed EA. (Aluminium toxicity in rats : the role of 

tannic acid as antioxidant). Ass. Univ. Bull. Environ. 

Res., 2003; 6: 2. 

22. Marziyeh A, MarziyehZGh. (Histopathology effects 

of nickel nanoparticles on lungs, liver, and spleen 

tissues in male mice). Int Nano Lett, 2014; 4: 113. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4906348/
http://www.ncbi.nlm.nih.gov/pubmed/10837642
https://www.ncbi.nlm.nih.gov/pubmed/18242692
https://www.ncbi.nlm.nih.gov/pubmed/?term=Chen%20YS%5BAuthor%5D&cauthor=true&cauthor_uid=20596373
https://www.ncbi.nlm.nih.gov/pubmed/?term=Hung%20YC%5BAuthor%5D&cauthor=true&cauthor_uid=20596373
https://www.ncbi.nlm.nih.gov/pubmed/?term=Liau%20I%5BAuthor%5D&cauthor=true&cauthor_uid=20596373
https://www.ncbi.nlm.nih.gov/pubmed/?term=Liau%20I%5BAuthor%5D&cauthor=true&cauthor_uid=20596373

