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Carrageenan (CGN) has been used as a safe food additive for several decades. CGN has also been 
widely used to induce inflammation in various animal models. Likewise, degraded CGN (dCGN), 
which is produced by subjecting CGN to acid hydrolysis, also induces inflammation and does so more 
effectively than CGN. One of the most important characteristics of an immunological adjuvant is its 
ability to activate innate immunity. The immune-adjuvant effects of CGN and dCGN have not yet 
been studied in detail. The purpose of this study was to evaluate the immunological adjuvant activ-
ities of both CGN and dCGN, which was done by comparing the levels of an ovalbumin 
(OVA)-specific antibody after treatment with OVA in the absence or presence of CGN or dCGN in 
plasma from immunized mice. CGN and dCGN showed similar levels of adjuvant activity, as evi-
denced by increased antibody titer. Specifically, both CGN and dCGN significantly increased the lev-
els of OVA-specific IgG, IgG1, and IgG2a antibodies in the plasma as compared with OVA alone (the 
control). However, compared to the positive control (Freund’s adjuvant), both CGN and dCGN caused 
greater increases in IgG1 than in IgG2a. These results suggest that CGN and dCGN have similar ad-
juvant activities and produce more IgG1 antibodies than IgG2a. 
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Introduction

Carrageenan (CGN), a type of sulfated polysaccharide 

from seaweed, has been used as a safe food additive as a 

stabilizer, emulsifier, or thickener for several decades [6, 14, 

18]. On one hand, CGN has been widely used in animal 

studies to induce inflammation (e.g., models of carra-

geenan-induced paw edema, granuloma pouch model, and 

acute peritonitis) [4, 16]. Degraded CGN (dCGN), which is 

produced by subjecting CGN to acid hydrolysis at high tem-

perature, is believed to be produced from CGN in the acidic 

environment of the stomach [9, 10]. However, additional re-

search has shown that it is difficult to produce dCGN from 

CGN within the gastrointestinal tract [20]. Additionally, sev-

eral studies have shown that dCGN can induce colitis more 

effectively than CGN when administered orally [1, 3, 11]. 

Subsequent studies of dCGN have shown that it induces in-

flammation more effectively than CGN in vitro and in vivo. 

Moreover, dCGN is recognized as a “possible human carci-

nogen” and is not permitted as a food additive, unlike CGN 

[2, 17].

Immunological adjuvants are substances that are used as 

an auxiliary to elicit an early, high, and long-lasting immune 

response. As a result, the use of an immunological adjuvant 

in vaccination could reduce the quantity of the antigen and 

the frequency of administration [19]. It is generally accepted 

that its mechanisms of action are the antigen depot effect 

at the site of injection and the activation of innate immunity, 

including the upregulation of cytokines and chemokines, 

leukocyte recruitment, and the activation of antigen-present-

ing cells [12, 13].

As mentioned above, CGN and dCGN induce inflamma-

tion. Additionally, CGN solution, which is widely used as 

a food additive, is highly viscous [21]. This suggests that 

CGN exhibits an antigen depot effect by preventing antigen 

dispersion at the injection site. However, until now, the im-

munological adjuvant effects of CGN and dCGN have not 
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been studied in detail. In this study, our results showed that 

both CGN and dCGN has similar adjuvant effects and pre-

dominantly produce the IgG1 antibody relative to IgG2a. 

Materials and Methods

Animals

Female BALB/c mice (aged 8-10 weeks) were used for 

this study. Mice were provided drinking water and a normal 

diet ad libitum and were maintained under a 12 hr light-dark 

cycle at 24±1℃ with 50% humidity. All animal studies were 

conducted in compliance with guidelines set forth by the 

Care and Use of Research Animals and were approved by 

the Animal Studies Committee of Dankook University 

(Approval number: DKU-17-002).

Preparation of CGN and dCGN 

λ-CGN (CGN) was purchased from Sigma-Aldrich (St. 

Louis, MO, USA). CGN (100 mg) was dissolved in 10 ml 

Dulbecco’s phosphate-buffered saline (DPBS) by heating to 

90℃ for 15 min. For preparation of degraded λ-CGN 

(dCGN), 100 mg CGN was dissolved in 5 ml of 0.1 M hydro-

chloric acid and heated at 60℃ for 4 hr. The reaction was 

terminated by neutralization (pH 7.0-7.2) with 0.1 M sodium 

hydroxide. Next, the solution was dialyzed against DPBS 

(pH 7.4) to eliminate excess salt overnight at 4℃. The final 

concentrations of both CGN and dCGN were adjusted to 

10 mg/ml in DPBS and aliquots were stored at -20℃ before 

use.

Cell culture and tumor necrosis factor (TNF)-α assay 

The RAW264.7 mouse macrophage cell line was obtained 

from the Korean Cell Line Bank (Seoul, Korea) and cultured 

in Dulbecco’s Modified Eagle’s Medium (DMEM) supple-

mented with 10% fetal bovine serum at 37℃ with 5% CO2. 

Cells were plated onto 96-well plates at a density of 5×105 

cells/well and allowed to adhere overnight. To evaluate the 

effects of CGN and dCGN on TNF-α secretion, cells were 

treated with 250, 500, or 1,000 μg/ml CGN or dCGN and 

lipopolysaccharide (LPS; 10 ng/ml) as a positive control for 

4 hr. Supernatants from treated cells were collected and 

TNF-α concentration was determined with a TNF-α enzyme- 

linked immunosorbent assay (ELISA) kit (BioLegend, San 

Diego, CA, USA) according to the manufacturer’s in-

structions.

Immunization 

Chicken egg albumin (OVA; Sigma-Aldrich) was used as 

an antigen. Mice were randomly divided into six groups 

containing five mice each. After a 1-week adaptation period, 

mice from each group were injected subcutaneously twice 

with OVA (2 μg) alone or OVA plus CGN or dCGN (100 

or 500 μg/mouse) at 2-week intervals. As a positive control 

(CFA/IFA), one group of mice was immunized with OVA 

containing Complete Freund's adjuvant (CFA) for the first 

injection followed by injections with Incomplete Freund's 

adjuvant (IFA) mixed with protein solution at a ratio of 1:1 

(vol:vol). Two and four weeks after the first immunization, 

blood was collected from the tail vein to measure blood plas-

ma levels of the OVA-specific antibody.

Measurement of OVA-specific IgG and subclasses 

Blood was collected from mice before and after immuni-

zation (days 0, 14, and 28). For blood plasma preparation, 

whole blood was obtained by incising the tail vein with a 

sharp surgical blade and centrifuged at 1,500x g for 15 min 

at room temperature. The plasma was aliquoted and frozen 

at -70℃ until use. OVA-specific IgG, IgG1 and IgG2a anti-

bodies, were measured by indirect ELISA, which was per-

formed in 96-well polystyrene plates. The plate was coated 

with 100 μl of 20 μg/ml OVA in 0.05 mol/l carbonate–bicar-

bonate buffer (pH 9.6). The plates were incubated for 2 hr 

at 37℃ or overnight at 4℃. Unbound antigen was washed 

three times with phosphate-buffered saline (PBS) containing 

Tween-20 (PBS-T; 20 mM PBS, pH 7.4, and 0.05% Tween-20), 

and the unoccupied sites were blocked with 2% nonfat milk 

in PBS-T for 1 hr at room temperature. After incubation, the 

plates were washed three times with PBS-T. The bound anti-

bodies were detected using anti-mouse horseradish perox-

idase-conjugated IgG, IgG1, or IgG2a antibodies (Santa Cruz 

Biotechnology, Dallas, TX, USA). The levels of OVA-specific 

antibodies in plasma were expressed as the mean endpoint 

titer. The endpoint titers were defined as the highest serum 

dilution that exceeded 0.1 at an absorbance of 450 nm.

Statistical analyses 

Statistical differences among groups were analyzed using 

one-way analysis of variance. Data are shown as the mean± 

standard error of the mean, and significance was defined 

as p<0.05.
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Fig. 1. CGN and dCGN induced TNF-α secretion in RAW264.7 

cells. RAW264.7 cells were stimulated with various con-

centrations of carrageenan (CGN) or degraded carra-

geenan (dCGN) (125-1,000 μg/ml) for 4 hr. Cells were 

stimulated with 10 ng/ml lipopolysaccharide (LPS; pos-

itive control) or medium only (negative control). Super-

natants from treated cells were collected and the concen-

tration of tumor necrosis factor (TNF)-α was determined 

with a TNF-α enzyme-linked immunosorbent assay 

(ELISA) kit. Data are presented as the mean±standard 

deviation of triplicates. Different superscripts represent 

significantly different values (p<0.05). 

Fig. 2. Adjuvant effects of CGN and dCGN on the induction of 

OVA-specific total IgG in blood plasma. Plasma was col-

lected at 2 and 4 weeks after the first immunization. Mice 

from each group were injected subcutaneously twice 

with ovalbumin (OVA; 2 μg) alone or OVA plus CGN 

or dCGN (100 or 500 μg/mouse) at 2-week intervals. As 

a positive control, mice were immunized with OVA plus 

Complete Freund's adjuvant and boosted with Incom-

plete Freund’s adjuvant 2 weeks later (CFA/IFA). Total 

IgG titers were determined by endpoint dilution ELISA. 

Different superscripts represent significantly different 

values (p<0.05).

Results

TNF-α release from RAW264.7 cells following treat-

ment with CGN or dCGN

To investigate whether CGN and/or dCGN induced the 

release of TNF-α in RAW264.7 cells, TNF-α was measured 

in culture supernatants from CGN- or dCGN-treated cells. 

LPS (10 ng/ml) was used as the positive control. Fig. 1 

shows that TNF-α secretion increased in a concentration- de-

pendent manner following treatment with CGN and dCGN, 

and dCGN induced TNF-α secretion more efficiently than 

CGN.

  

Effects of CGN and dCGN on anti-OVA IgG and 

subclasses

To evaluate the immunological adjuvant effects of CGN 

and dCGN, we analyzed OVA-specific antibody levels in 

blood plasma of mice immunized with OVA or OVA mixed 

with CGN or dCGN. Immunization was performed twice 

at 2-week intervals and plasma was collected 2 weeks after 

the primary immunization and 2 weeks after boosting. Fig. 

2 shows that, although total IgG levels in the OVA plus CGN 

or dCGN group tended to increase slightly at 2 weeks after 

primary immunization, total IgG levels were significantly 

higher than in the OVA only group at 2 weeks after 

boosting. Total IgG in plasma in the high CGN concentration 

(500 μg) treatment group was high, similar to the level of 

the CFA/IFA positive control group at 2 weeks after 

boosting. We did not detect a significant difference between 

CGN and dCGN on antibody production, even though a sig-

nificant difference in TNF-α release was observed.

Next, we investigated whether the addition of CGN or 

dCGN as an adjuvant affected the synthesis of IgG sub-

classes (IgG1 and IgG2a). Antibody titers of IgG1 and IgG2a 

subtypes in mouse plasma collected 2 weeks after boosting 

were examined. The addition of CGN or dCGN as an ad-

juvant efficiently increased the production of both IgG1 and 

IgG2a compared with OVA alone (Fig. 3). However, the in-

duction of IgG2a was relatively low compared with IgG1. 

The higher IgG1/IgG2a ratio in the CGN- or dCGN-treated 

group was evident compared with that of the CFA/IFA pos-

itive control group (Fig. 4).   

Discussion

According to our current understanding, immunological 

adjuvants can be broadly divided into two classes based on 

their mechanisms of action: antigen depot effect and im-

mune potentiators (e.g., Toll-like receptor and cytokines). 

More specifically, their mechanisms of action include the fol-

lowing: the recruitment and activation of immune cells, such 

as macrophages and dendritic cells, the secretion of cyto-
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Fig. 3. Adjuvant effects of CGN and dCGN on the induction of OVA-specific antibodies in blood plasma. Plasma was collected 

at 4 weeks after the first immunization. Mice from each group were injected twice subcutaneously with OVA (2 μg) alone 

or OVA plus CGN or dCGN (100 or 500 μg/mouse) at 2-week intervals. Antibody titers of IgG1 (a) and IgG2a (b) were 

determined by endpoint dilution ELISA. Different superscripts represent significantly different values (p<0.05).

Fig. 4. CGN and dCGN induced Th1-like responses. Each col-

umn indicates the ratio of the anti-OVA IgG1/IgG2a an-

tibody titer. IgG1 was more predominant than IgG2a in 

both treatment groups (CGN and dCGN) and specifi-

cally in the case of comparison with the positive control 

(CFA/IFA).

kines and chemokines, and keeping the antigen near the in-

jection sites for a longer period of time [5].

Animal studies including the mouse air pouch and the 

paw edema models have confirmed that CGN induces im-

mune cell recruitment and cytokine secretion at injection 

sites [8, 16]. It is also well known that dCGN exhibits a stron-

ger induction effect for an inflammatory response compared 

with CGN [4, 8, 9, 10]. In addition to these effects, we specu-

lated that CGN also exhibits depot effects because of its high 

viscosity. These identified or estimated effects of CGN and 

dCGN led us to this study. For these reasons, we examined 

the adjuvant effects of CGN and d-CGN.  

CGN and dCGN induced TNF-α secretion in RAW264.7 

cells and dCGN was more effective than CGN, similar to 

previous studies [7]. The immunization experiments showed 

that the adjuvant effects of CGN and dCGN on antibody 

production were significantly higher than without adjuvant 

treatment. The analysis of IgG subclass concentrations re-

vealed that CGN and dCGN predominantly elicited IgG1 

rather than IgG2a. This result suggests that as adjuvants, 

both CGN and dCGN enhance humoral immunity rather 

than cellular immunity.

Regarding the initial cellular TNF-α secretion experi-

ments, we hypothesized that the adjuvant effect of dCGN 

would be relatively higher than that of CGN. However, their 

adjuvant effects were similar. Although we cannot explain 

this result, this may be attributable to their different vis-

cosities.

dCGN, a partially degraded form of CGN formed by acid 

and heat, has a relatively low viscosity [15]. As mentioned 

above, we speculated that their viscosities caused a different 

depot effect of antigen (i.e., CGN has higher viscosity than 

dCGN and dCGN has higher inflammatory potential than 

CGN). Taken together, we suggest that the cause of similar 

adjuvant effects between CGN and dCGN is the combined 

effects of immune potentiators and depot.
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초록：Carrageenan과 degraded carrageenan의 면역 보강제로서의 효능 평가

박지훈1,2․최태생1*
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Carrageena은 전세계적으로 안전한 식품첨가물로 승인되어 오랜 기간 다양한 식품, 기타 가공품에 사용되어 

지고 있다. 다른 한편으로, 이 Carrageenan은 동물 실험에서 염증 유도 물질로 확인되어 염증 유발 실험에 현재까

지도 매우 빈번히 사용 되고 있다. 또한 이 Carrageenan을 고온과 강산에서 처리하여 부분적으로 분해한 de-

graded Carrageenan은 염증 유도 능이 Carrageenan 보다 더 강한 것으로 알려져 있다. 면역 보강제의 중요한 특

성 가운데 하나는 선천면역(대표적으로 염증반응)의 활성화 인 것이 잘 알려져 있다. 그러나 현재까지 

Carrageenan이나 degraded Carrageenan의 면역 보강제로서의 효과에 관하여 상세한 비교 연구는 수행되어 지지 

않았다. 본 연구의 목적은 Carrageenan과 degraded Carrageenan의 면역 보강제로서의 효과를 비교 분석하는데 

있다. 실험 동물은 마우스를 사용하였으며, 난 알부민을 항원으로, 피하면역을 수행하여 각각의 면역 보강제 효과

를 항체 형성 정도로 조사하였다. Carrageenan이나 degraded Carrageenan 모두 항원 단독으로 면역한 것과 비교

할 때 유의적으로 높은 IgG 생성 능을 보였다. 추가적으로 항원 특이적 IgG1과 IgG2a를 조사한 결과, 이들 

Carrageenan, degraded Carrageenan은 본 실험에서 양성 대조 군으로 사용한 보강제, Complete Freund`s ad-

juvant와 비교 할 때 IgG2a 보다는 IgG1 생성 능이 높게 유도되는 것이 확인되었다. 이들 결과를 종합하면 염증 

유발 능이 보다 강한 degraded carrageenan의 면역 보강제 효과는 carrageenan과 유사한 정도로 확인되었으며, 

이들 모두 IgG2 보다는 IgG1 생성 효과가 강한 것으로 나타났다. 
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