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Our aim was to characterize a sea buckthorn (Hippophae rhamnoides) fruit 
carotenoidic extract and evaluate its influence on macrophage phagocytic response 
given that carotenoids function as antioxidants. Carotenoids were isolated, 
saponified and analysed using HPLC before and after saponification. Murine 
peritoneal macrophages were cultured in medium containing carotenoidic extract. 
Carotenoid influence on phagocytosis was assessed by calculating the phagocytic 
index (PI %) and mean phagocytosis (MP). The positive significant differences 
(p<0,05) picture carotenoid ability to enhance cell phagocytic activity. 
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Introduction 

 
 Sea buckthorn (Hippophae rhamnoides, Elaeagnaceae) is a spiny shrub 
widely spread throughout the temperate regions of Europe and Asia. The yellow or 
orange-reddish color of its fruits is due to carotenoids such as cryptoxanthin, 
lycopene, γ-carotene, β-carotene, lutein, zeaxanthin (Wenming et al., 1991). Being 
powerful antioxidants, carotenoids can decrease the risk of illnesses such as cancer, 
atherosclerosis and diabetes which are thought to be the result of cellular damage 
induced by free radicals. They are both the result of cellular metabolism and 
exposure to ultraviolet radiation and polluting agents. Furthermore, these pigments 
enhance the immune function (Khachik et al., 1999). In the case of acquired 
immunity, provided by lymphocites, this has been studied by Geetha et al. (2002). 
Together with polymorphonuclear and natural killer cells, macrophages are 
involved in nonspecific immunity. They are first on site when an infection occurs 
and although their response is innate, its intensity varies, a prompt answer ensuring 
a better immunity (Răpunteanu, 1997). 
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Materials and Methods 
 

The aim of the present study was to isolate and characterize a sea buckthorn 
fruit carotenoids extract in order to assess its influence of on the phagocytic 
activity of macrophages. 
 Carotenoid isolation and analysis: Carotenoids were isolated from fruit of 
Hippophae rhamnoides ssp. carpatica, the Şerbăneşti 2 variety by using a mixture 
of petroleum ether, methanol and ethyl acetate in a 1:1:1 ratio. Following 
separation for non coloured lipids by column chromatography on alumina, the 
extract was divided in two: half was analyzed by HPLC (High performance liquid 
cromatography) using a mixture of ethyl acetate (solvent A) and acetonitrile-water 
in a 9:1 ratio (solvent B) as a mobile phase. The program lasted 50 minutes, solvent 
B rate increasing from minute 0 to minute 16 from 0% to 60%, after which it 
continued isocratically with a 60% solvent B rate until the end. The other half was 
saponified in a KOH/CH3OH 30% solution and then, analysed by HPLC. Program 
length was increased to 60 minutes so as to be sure that saponification had been 
efficient and carotenoidic esters were no longer present. 
 Macrophage culture: Macrophages were harvested from the peritoneal 
cavity of male mice belonging to the Standard white line of the Swiss breed and 
cultured in Petri dishes split in four, each cell containing a microscope slide, using 
RPMI 1640 medium supplemented with 5% FCS (Foetal Calf Serum) in 5% CO2 
atmosphere at 37°C for 72 hours. The culture medium was then removed and 
replaced with RPMI 1640 + 5%FCS containing 10, 20 and 30 μl/ml of non-
saponified (NS) and saponified (S) extract in THF (tetrahydrofuran). The cells 
were incubated for another 2 hours. Extract concentrations are shown in table 1. 
 Phagocytosis assessment: In order to assess phagocytosis, cells were 
incubated with a 5% solution of ovine erythrocytes for 2 hours and then coloured 
using May Grünwald Giemsa. The influence was assessed by calculating the 
percentage of phagocytically activated macrophages (PI %- phagocytic index) as a 
quantitative parameter and the number of erythrocytes visible within each cell 
(MP- mean phagocytosis) as a qualitative parameter. Statistical analysis was 
performed using ANOVA and the differences were valued with the Student test. 

 
Table 1 

The quantity of added extract  

Culture 
Chemical form of the 

extract 
Quantity (μl/ml) Number of cultures 

C Control 0 5 
N10 

Non-saponified 
10 8 

N20 20 7 
N30 30 7 
S10 

Saponified 
10 4 

S20 20 4 
S30 30 2 
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Results and Discussions 

 
 Extract characterization: In order to characterize the carotenoidic extract, 
HPLC analysis was performed before and after saponification. In the first instance 
it revealed the existence of zeaxanthin, β-cryptoxanthin, lycopene, γ-carotene, β-
carotene, β-cryptoxanthin esters and zeaxanthin esters. Zeaxanthin had a very low 
concentration while there were only trace amounts of β-cryptoxanthin. On the other 
hand β-carotene level was rather high (figure 1). 
 

Fig 1: Chromatogram for the Şerbăneşti 2 non-saponified extract. The peaks are: 1- 
zeaxanthin; 2- β-cryptoxanthin; 3- lycopene; 4- γ-carotene; 5- β-carotene, 6- β-
cryptoxanthin esters, 7- zeaxanthin esters. 
 
 When comparing chromatograms of the non-saponified (figure 1) and 
saponified (figure 2) extracts it can be observed that zeaxanthin, β-cryptoxanthin, 
lycopene, γ-carotene and β-carotene are also present in the second, while β-
cryptoxanthin esters and zeaxanthin esters that had previously appeared between 
minutes 30 and 40 are missing because they have been hydrolysed and were 
formed free zeaxanthin and β-cryptoxanthin. 
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Fig 2: Chromatogram for the Şerbăneşti 2 saponified extract. The peaks are: 1- 
zeaxanthin; 2- β-cryptoxanthin; 3- lycopene; 4- γ-carotene; 5- β-carotene. 
 
 Carotenoid influence assessment: After HPLC analysis and macrophage-
extract incubation phagocytosis was assessed by calculating the phagocytic index 
(PIES %) and means phagocytosis (MP). Values of the 2 indexes are shown in 
table 2. 

Table 2 
Results for the phagocytic index and mean phagocytosis 

 C N10 N20 N30 S10 S20 S30 

PI % 16,77 21,85 20,35 20,07 13,12 13,12 14,25 

MP 

1 EE 50 77 71 66 61 44 66 
2 EE 10 22 18 20 8 12 20 
3 EE 3 2 1 4 1 1 4 
4 EE 0 1 0 0 0 1 0 
5 EE 2 0 0 0 0 0 0 

         PI %- phagocytic index; MP- mean phagocytosis; EE- engulfed erythrocytes 
 
 PI % values are higher for the cultures incubated with non-saponified extract 
than for the ones incubated with saponified extract or the control. The differences 
between the control and N10 are positive and significant (p<0,05) (Table 3). Also, 
the mean phagocytosis has the highest values for the cells treated with non-
saponified extract, namely N10. This is due to the enhancement of cellular 
metabolism by carotenoids and their esters. We believe that, on one hand this 
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results in macrophages being able to produce more antigen reconnaissance 
receptors which in turn allows them to phagocytate more antigens and on the other 
hand, the lytic function is activated because of increased enzyme production by the 
lysosomes. Furthermore, carotenoids are able to protect cells from oxidative 
damage produced by free radicals that are a result of the metabolism. Values of the 
PI % for cultures treated with saponified are lower than either the control or the 
aforesaid cultures. In our opinion, this is caused by changes in the chemical 
composition, namely the disappearance of β-cryptoxanthin esters and zeaxanthin 
esters following alkaline hydrolysis. This is pictured by the very significant but 
negative differences between the cultures incubated with saponified extract and the 
control (p<0,001). MP results follow the same tendency although not as marked as 
the one of the PI %  

Table 3 
Differences and their significance 

Statistical 
parameters 

Culture 
C N10 N20 N30 S10 S20 S30 

n 9 16 14 14 8 8 4 
d - 5,09 3,57 3,29 -3,65 -3,65 -2,52 
sd - 2,57 1,80 1,89 2,29 1,96 3,00 
t - 2,52 1,77 1,39 5,94 5,61 5,52 

Significance - * ns ns °°° °°° °°° 
* - significant differences (p<0,05); ns – insignificant differences; *** –  very significant 
differences (p<0,001) 
 

Conclusions 
 
The carotenoids identified in the sea buckthorn extract are zeaxanthin, β-
cryptoxanthin, lycopene, γ-carotene, β-carotene, β-cryptoxanthin esters and 
zeaxanthin esters. The unsaponified extract stimulate the lytic function of 
macrophages due to its ability to enhance cell metabolism and antioxidant-
protective properties. This way more macrophages are able to ingest erythrocytes 
and more erythrocytes are being engulfed and digested by a single macrophage. 
Saponification leads to the hydrolysis of carotenoidic esters, thus changing the 
composition of the extract and diminishing its properties.  
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Fructul de cătină (Hippophae rhamnoides) este bogat în substanţe bioactive şi antioxidante 
precum vitaminele A, C, E, K, acizii organici şi carotenoidele. Studiile au dovedit că 
acestea din urmă pot să reducă leziunile cauzate la nivel celular de către radicalii liberi 
generaţi în timpul metabolismului aerob. Macrofagele au o largă distribuţie în organism şi 
alături de monocite, alcătuiesc sistemul mononuclear fagocitar, instrument esenţial al 
imunităţii celulare nespecifice. Carotenoidele au fost extrase  din pulpa şi coaja fructelor 
de cătină iar extractul a fost saponificat în prezenţa KOH 30%  si analizat  prin tehnica 
HPLC (High Performance Liquid Cromatography) înainte şi după saponificare. În paralel 
au fost recoltate macrofage peritoneale murine, iar în mediul de cultură al acestora s-au 
adăugat câte 10, 20 sau 30 μl/ml din extractul nesaponificat şi din cel saponificat. După 
incubare cu eritrocite ovine, fagocitoza a fost evalută prin calcularea indicelui fagocitar 
(PI%) şi a fagocitozei medii (MP). Indicele fagocitar calculat pentru extractul 
nesaponificat, concentraţia de 10 µl/ml prezintă diferenţe semnificative (p<0,05) faţă de 
martor, acestea ilustrând  activitatea antioxidantă a extractului carotenoidic. 
Cuvinte cheie: antioxidanţi, carotenoide, macrofage, fructe de cătină 
 
 
 
 
 
 
 
 
 


