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ABSTRACT

Background: Pollen and pollen products have a long history of use in traditional herbal medicine and have been 
reported to display a wide range of antimicrobial, antioxidative, anti-inflammatory, antioxidant, and hepato-
protective activities. This study aimed to investigate the role of date palm pollen (DPP) ethanolic extract on the 
formation of granuloma induced by Schistosoma mansoni soluble egg antigen (SEA) in vitro.

Methodology: Peripheral blood mononuclear cells (PBMCs) were isolated from 20 S. mansoni monoinfected, 
50 Hepatitis C virus/S. mansoni coinfected patients and 25 healthy individuals. The isolated PBMCs were used 
for in vitro granuloma induction using SEA conjugated polyacrylamide beads. Different concentrations of DPP 
ethanolic extract (10 mg/mL, 20 mg/mL, 30 mg/mL, and 40 mg/mL) were added to the granuloma at the first 
day, then the sizes of granulomas were measured by granuloma index (GI) that was assessed by quantitation of 
cellular reactivity around the beads after 3, 7, and 14 days.

Results: Treatment of granuloma induced by SEA conjugated polyacrylamide beads with the optimum concen-
tration of DPP ethanolic extract (30 mg/mL) resulted in significant (P < 0.05) reduction of GI using PBMCs iso-
lated from Schistosoma monoinfected, hepatitis C virus/Schistosoma coinfected patients or healthy individuals 
at all the experimental time intervals.

Conclusion: DPP suppressed the effect of SEA and prevented granuloma formation. The results of the present 
study suggest that DPP could be considered a promising source of new natural anti-inflammatory herbal med-
icine against the S. mansoni associated granulomatous inflammation.
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Introduction

Granulomatous inflammation surrounding parasite eggs 
is the main pathology of infection with Schistosoma 
mansoni [1]. The lesions are mediated by T helper cells 
specific for egg antigens [2]. Schistosome eggs and their 
secretions provide a continuous antigenic stimulus for 
the immune response. If these antigens are not efficiently 
neutralized, they can damage the affected tissues, with 
hepatocytes being particularly sensitive to toxins secreted 
by the eggs [3].

The past years have been marked by increasing search 
for antiparasitic drugs from natural sources, mainly from 
plants, which are the major source of biologically active 
compounds for the development of new therapies for 
parasitic infections [4]. Fresh date palm pollen (DPP) 
consists of water (5%–36%) and solids constituents 

(64%–95%). It contains mineral salts, vitamins, sugars, 
lipids, growth factors, certain antibacterial compounds, 
over 100 kinds of enzymes, and co-factors [5]. Sterols 
and flavonoids were also found in DPP such as β-amirin, 
β-sitosterol, rutin and quercetin, triterpenes, and 
saponins [5,6].
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DPP showed an antiparasitic effect in the Eimeria papillata 
infection in mice-induced marked histological alterations 
within jejunum tissue in the form of inflammation, 
vacuolation of the epithelium, and destruction of some 
villi with a concurrent decrease in goblet cell numbers [7].

However, there are no studies that investigated the effect 
of DPP on granuloma of S. mansoni infection. This study 
aimed to evaluate the effects of DPP ethanolic extract on 
the granuloma formed by S. mansoni soluble egg antigen 
(SEA) induced in vitro.

Subjects and Methods

Seventy patients were enrolled in the present study divided 
into two groups: 20 S. mansoni monoinfected patients (17 
males with mean age = 50.2 ± 8.9 and three females with 
mean age = 44.7 ± 4.7) and 50 hepatitis C virus (HCV)/S. 
mansoni coinfected patients (29 males with mean age = 
44 ± 7.5 and 21 females with mean age = 44.4 ± 8.9). 
Also, 25 healthy individuals (12 males with mean age = 
47.1 ± 5.4 and 13 females with mean age = 50.3 ± 7.1) 
were enrolled as controls. Participants enrolled from Al-
Qaser El-Ainy University Hospital, Cairo University, from 
October 2012 to June 2015. Approximately, 15 mL of 
blood was withdrawn from all the enrolled subjects using 
EDTA anticoagulated vacutainer tubes. The collected 
blood was protected from light and heat during its 
transportation to the Immunology Laboratory in Faculty 
of Science, Helwan University (Cairo, Egypt). Patient’s 
diagnosis was confirmed by the identification of ova on 
microscopy of stool, or biopsy material. Control subjects 
had no past or current history of Schistosoma infection or 
any other helminth infection. The study was approved by 
the Research Ethics Committee at Cairo University, Egypt. 
All participants were given and signed informed consents.

Antigens

SEA was purchased from Theodore Bilharz Research 
Institute, Imbaba, Giza, Egypt, as a lyophilized, 
endotoxin-free preparation.

DPP ethanolic extract treatment preparation

DPP was purchased from Agricultural Research Institute 
(Giza, Egypt). It was collected in March 2015 and kept in 
−20°C till extraction as previously described [8].

Isolation of Peripheral Blood Mononuclear Cells 
(PBMCs)

PBMCs were isolated from anticoagulant-treated whole 
blood by density-gradient centrifugation by layering 
whole blood on Ficoll-Hypaque (Biochrom AG, 
Leonorenstr., Berlin) as previously described [9,10]. 
The viability of isolated PBMCs was >97% as measured 
by trypan blue dye (ADWIC, Egypt) using exclusion 
technique [11].

In vitro granuloma formation

The ability of SEA to stimulate PBMCs that contribute 
to the regulation of T-cell mediated granulomatous 

inflammatory response was assayed using the in vitro 
granuloma technique [12,13].

Optimization of granuloma formation

1.  Different counts of PBMCs were cultured in 24-well 
flat-bottomed tissue culture plates as 0.5 × 106, 0.75 × 
106, 1 × 106, and 2 × 106 cells/mL and were incubated in 
37°C and 5% CO

2 
(Corning costar, 3524, Sigma Aldrich, 

USA). The optimum count was 1 × 106 cells/mL.
2.  Different dilutions of polyacrylamide beads were 

used as 1:20, 1:40, 1:100, 1:200, and 1:400 incubated 
in 37°C and 5% CO

2
 in 24-well flat-bottomed tissue 

culture plates. The optimum dilution was 1:200.
3.  Different concentrations of DPP ethanolic extract 

were used, and the optimum concentration determined 
by granuloma index (GI) was 30 mg/mL (Figure 1).

In vitro granuloma assay

The granuloma was induced in vitro as previously 
described by Broudy et al. [14]. Briefly, 200 S. mansoni 
SEA conjugated polyacrylamide beads were added in 
a volume of 100 µL into flat bottom of 24-well tissue 
culture plates. 1 × 106 PBMCs (as optimized) from S. 
mansoni monoinfected, HCV coinfected patients or 
healthy individuals were delivered into the culture well in 
a final volume of 1 mL of complete R10 media-contained 
10% heat-inactivated fetal bovine serum. The cultured 
plate was divided into the following three parts (each in 
triplicate wells):

Part I:  un-conjugated polyacrylamide beads were used as 
negative control.

Part II:  SEA-conjugated polyacrylamide beads were used 
as positive control.

Part III:  SEA-conjugated polyacrylamide in the presence 
of DPP ethanolic extract.

Plates were maintained at 37°C in an 5% CO
2
 incubator 

(NuAire, USA).

Classification of in vitro bead granuloma

(1) No cells binding to the beads, (2) lower than five cells 
binding to the beads, (3) larger than five cells binding to 
the beads, (4) larger than five cells binding to the beads 
accompanied by circumoval mononuclear cell migration 
and blast formation, (5) adherent cell layer attached to the 
beads accompanied by circumoval PBMCs migration, and 
(6) multiple cell layers surrounding the beads accompanied 
by PBMCs migration as shown in (Figure 2).

The total score was calculated (for 100 beads), and the 
mean was expressed as the GI of each experimental 
group according to the following mathematical equation:

(n 1) + (n 2) + (n 3) + (n 4) + (n 5) + (n 6)100

n = numbers of reactions classified as index 1, 2, 3, 4, 5, or 6.

Statistical Analysis

Data for demographic characteristics are presented as 
mean ± SD. Statistical analysis was performed using 
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Figure 1. A photomicrograph showing the effects of different concentrations of DPP ethanolic extract (10 mg/mL, 20 mg/mL, 30 
mg/mL, and 40 mg/mL) on granuloma induced by SEA conjugated beads (20Χ, scale bar 10mm). (A) Un-conjugated beads; (B) SEA 
conjugated beads; (C) SEA + DPP (10 mg/mL); (D) SEA + DPP (20 mg/mL); (E) SEA + DPP (30 mg/mL); and (F) SEA + DPP (40 mg/mL).

DPP: Date palm pollen. SEA: Soluble egg antigen.

Figure 2. A photomicrograph illustrating the formation of PBMCs granuloma around the polyacrylamide beads conjugated with 
SEA. (A) No cells attached to the beads; (B) Less than five cells attached to the beads; (C) More than five cells attached to the beads; 
(D) More than five cells attached to the beads accompanied by PBMCs cell migration; (E) Adherent cell layer attached to the bead 
accompanied by circumoval cell migration; and (F) Multiple cell layer surrounding the bead accompanied by PBMCs cell migration 
(20X, scale bar 10 mm).
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Graph Pad Prism (Version 3.0; Graph Pad Software). 
Student’s t-test was used for comparison of different 
groups with a significance value at P ≤ 0.05.

Results

Treatment of granuloma with DPP ethanolic extract (30 
mg/mL) significantly (P < 0.05) reduced GI of granuloma 
induced by SEA formed by PBMCs isolated from 

Schistosoma monoinfected patients, HCV/Schistosoma 
coinfected patients, or healthy individuals after 3, 7, or 
14 days as shown in Figure 3.

Treatment of granuloma induced by SEA conjugated 
polyacrylamide beads with DPP ethanolic extract (30 
mg/mL) is significantly inhibited (P < 0.05) GI, using 
PBMCs that are isolated from healthy subjects (21.2%), 
S. mansoni monoinfected patients (9.7%), or HCV/

Figure 3. Effect of DPP on GI of granuloma formed by PBMCs stimulated with S. mansoni SEA-conjugated polyacrylamide beads 
after: (A) 3 days; (B) 7 days; or (C) 14 days.

*:  Significant change at P < 0.05 concerning their corresponding value of GI of granuloma around SEA-conjugated polyacrylamide 
beads.

a:  Significant change at P < 0.05 concerning their corresponding value of GI of granuloma around SEA-conjugated polyacrylamide 
beads of the healthy or S. mansoni infected patient.

b:  Significant change at P < 0.05 concerning their corresponding value of GI of granuloma treated with DPP of the healthy or S. mansoni 
infected patient.

GI: Granuloma index. DPP: Date palm pollen. SEA: Soluble egg antigen.
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Schistosoma coinfected patients (3.2%) as compared to 
that of granuloma without treatment (71.9%, 49.9%, or 
51.7%, respectively) as shown in Figures 3(A) and 4.

Also, a significant (P < 0.05) decrease in GI of 
granuloma was showed after 3 days of granuloma 
induction by SEA conjugated polyacrylamide beads, 
using Schistosoma monoinfected PBMCs in response 
to SEA conjugated polyacrylamide beads alone 
(49.9%) or the presence of DPP treatment (9.7%) 
compared to that of granuloma (71.9% and 21.2%, 
respectively) formed by PBMCs isolated from healthy 
subjects—see Figures 3(A) and 4.

Moreover, DPP ethanolic extract significantly inhibited 
GI of the granuloma formed by HCV/Schistosoma 
coinfected PBMCs (3.2%) compared to that of granuloma 

formed by S. mansoni mono infected ones (9.7%) as 
shown in (Figure 4).

Treatment of granuloma induced by SEA conjugated 
polyacrylamide beads after 7 days with DPP ethanolic 
extract (30 mg/mL) significantly inhibited (P < 0.05) 
the GI, using PBMCs isolated from healthy subjects 
(44.4%), S. mansoni monoinfected patients (30.9%), 
or HCV/Schistosoma coinfected patients (34.1%) 
as compared to that of granuloma without treatment 
(102.9%, 11.2.9%, or 108%, respectively) as shown in 
(Figure 5).

After 7 days of granuloma induction by SEA conjugated 
polyacrylamide beads and treatment with DPP, there were 
no significant changes observed (P > 0.05) in GI between 
granuloma formed by S. mansoni monoinfected PBMCs 
compared to that formed by healthy subjects or between 

Figure 4. Effect of DPP on GI of granuloma formed by PBMCs stimulated with S. mansoni SEA-conjugated polyacrylamide beads after 
3 days (20Χ, scale bar 10mm).

GI: Granuloma index. HCV: Hepatitis C virus. DPP: Date palm pollen. SEA: Soluble egg antigen.
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HCV/Schistosoma coinfected PBMCs compared to 
Schistosoma monoinfected one (Figure 5).

DPP ethanolic extract treatment (30 mg/mL) significantly 
inhibited (P < 0.05) GI of granuloma induced by SEA 
conjugated polyacrylamide beads after 14 days, using 
PBMCs isolated from healthy subjects (14.12%), S. 
mansoni monoinfected patients (79.5%), or HCV/
Schistosoma coinfected patients (7.5%) as compared 
to their corresponding values of granuloma without 
treatment (87.5%, 152.7%, or 42.2%, respectively). 
In addition, GI of granuloma induced by SEA after 
14 days showed a significant (P < 0.05) increase using 
Schistosoma-infected PBMCs in response to SEA 
conjugated polyacrylamide beads alone (152.7%) or 
in the presence of DPP treatment (79.5%) compared to 
their corresponding values of granuloma (87.5% and 

14.12%, respectively) formed by PBMCs of healthy 
subjects. However, GI of granuloma induced by SEA 
after 14 days showed a significant (P < 0.05) decrease 
using HCV/Schistosoma coinfected PBMCs in response 
to SEA conjugated polyacrylamide beads alone (42.2%) 
or in the presence of DPP treatment (7.5%) compared 
to their corresponding values of granuloma (152.7% and 
79.5%, respectively) formed by PBMCs isolated from 
Schistosoma monoinfected patients (Figure 6).

Discussion

The pathology of Schistosoma mansoni infected disease 
results from the parasite eggs that become trapped in host 
tissues, particularly in the liver and intestines. Continuous 
antigenic stimulation from these egg secretions leads to 
recruitment of inflammatory cells to the sites of infection 

Figure 5. Effect of DPP on GI of granuloma formed by PBMCs stimulated with S. mansoni SEA-conjugated polyacrylamide beads after 
7 days (20Χ, scale bar 10mm).

GI: Granuloma index. HCV: Hepatitis C virus. DPP: Date palm pollen. SEA: Soluble egg antigen.
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with formation of periovular granulomas [15]. Granulomas 
protect host tissues by isolating toxins secreted by the egg 
[16]. The granulomatous response is also responsible for 
the pathogenesis of the schistosomiasis, causing severe 
inflammation, collagen deposition, fibrosis, and portal 
hypertension [17]. In the liver, granulomas may trigger 
severe fibrosis, which disrupts blood flow through this 
organ and causes portal hypertension and may be leading 
to potentially fatal esophageal bleeding [15].

In traditional medicines, DPP has been held to be nutritive, 
the therapeutic agent and its suspension are widely 
used in curing many diseases [18]. It has antimicrobial, 
anti-inflammatory, antioxidant, antioxidative, and 
hepatoprotective activities [19].

In the results of this study, treatment of granuloma 
induced by SEA conjugated polyacrylamide beads with 

DPP ethanolic extract significantly inhibited GI after 3, 7, 
or 14 days, using PBMCs isolated from healthy subjects, 
S. mansoni monoinfected patients, or HCV/Schistosoma 
coinfected patients as compared to their corresponding 
values of granuloma without treatment. In the agreement, 
DPP was found to strengthen the resistance of different 
tissues to different harmful pathogens and toxicants due 
to their high phenolic and flavonoid contents [20]. DPP 
extract showed significant anticoccidial, antiapoptotic, 
and metabolic enhancement activities on mice infected 
with Eimeria papillata parasite [4].

In the results of this study, treatment of granuloma induced 
by SEA conjugated polyacrylamide after 3 days with DPP 
resulted in a significant decrease in GI of granuloma, using 
Schistosoma infected PBMCs compared to that formed by 
PBMCs isolated from healthy subjects. It was reported 

Figure 6. Effect of DPP on GI of granuloma formed by PBMCs stimulated with S. mansoni SEA-conjugated polyacrylamide beads after 
14 days (20Χ, scale bar 10mm).

GI: Granuloma index. HCV: Hepatitis C virus.  SEA: Soluble egg antigen. DPP: Date palm pollen.



The ethanolic extract of date palm pollen

59

that DPP has anti-inflammatory and hepatoprotective 
properties by decreasing the production of proinflammatory 
cytokines and can protect the liver from the hazardous 
effects of alcohol [8]. The reason of anti-inflammatory 
effect of such extract is that fractionation of DPP indicated 
that it is rich in flavonoids [21], the compounds known to 
stimulate CD4+-T lymphocytes. Moreover, DPP ethanolic 
extract significantly inhibited GI of granuloma induced by 
SEA after 3 or 14 days using HCV/Schistosoma coinfected 
PBMCs compared to that of granuloma formed by S. 
mansoni monoinfected ones. It was reported that treating 
mice with flavonoids purified from natural extracts resulted 
in significant reduction in S. mansoni worm burden as 
well as a significant increase in both IgG and IgM levels 
against crude cercarial, worm, and egg antigens [22]. 
Also, flavones can modulate both production and levels 
of several signaling molecules associated with immune 
function and inflammation, including several cytokines 
in vitro [23]. In our previous work, treating mice exposed 
to incense smoke with DPP aqueous suspension resulted 
in marked improvement and clearing of granuloma in the 
pulmonary and hepatic tissue [24].

Conclusion

Treatment of granuloma induced by Schistosoma 
mansoni SEA conjugated polyacrylamide beads with 
DPP ethanolic extract resulted in marked reduction of 
granuloma size at all the experimental time intervals, 
using PBMCs isolated from S. mansoni monoinfected, S. 
mansoni/HCV coinfected patients or healthy individuals.

Recommendation

This study recommends that DPP might open new 
promising opportunities for the development of more 
efficient, safe, and cost-effective herbal medicine.
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