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Grana 31: 229-235, 1992 

lntraspecific variations in pollen extracts of Ricinus communis 
(castor bean) prepared from different source materials 

A. B. SINGH, P. MALI);, S. V. GANGAL and C .  R. BAEU 

Singh. A. n., hlalik, P., Gangal, S. V. k Babu, C. R. 1992. Intraspccificvnriations i n  Pollen extracts 
of Riciiiits coiiiitiiitiis (castor bean) prepared from different source materials - Grana 31: 229-235, 
1992. Odcnsc, August 1992. ISSN 0017-3134. 

Pollen o f  Riciiiits coiiiiiiiiiiis, an iniportant acroallergcn was collected from diffcrcnt stages of 
development of flower, different time intervals, different years and different places in India, to see 
variability, if any, in the protein content and protein profiles of the extracts. The protein content 
sho\ved significant variation in the extracts from different sources. IEF and SDS - PAGE protein 
profiles from pollcn antigens of mature buds and flowers showed almost similar pattern. lIo\vever, 
appreciable variation \vas recordcd in the protein pattern of pollen extracts from different years and 
places. I t  is therefore suggested to have a comprehensive quality control of pollen raw materials 
before processing for antigenic extracts. 

A. B. Siiigli, 1'. hlalik arid S. I'. Gntignl, CSIK Ceiitrefor Uioclieiiiicols; C. H. Unbic. Departiiieiit of 
Botaiiy, Dellii Utiiversitj, Dellii 110007, Itidia. 

(hlniiiiscript received 13 Febriiory 1991; revised versioii accepted 2 Jiily 1991) 

Of the various bioparticlcs prcscnt in the atmosphere, pol- 
len are offending allergens. Efforts are being made globally 
for standardization of pollen extracts so that every time the 
antigen prepared from the pollen of the same species 
should have the same'antigcnic and allcrgcnic determinants 
for cffective diagnosis and imniunotherapy of respiratory 
allergy patients (IIelni et al. 1981; Gjesing et al. 1985; 
Stewart et al. 19SS). The attention given to the final prod- 
uct of extraction of an allergenic substance often eclipses 
the iniportance of quality o f  the source material. Thus in  
the overall franie work of allergen standardization, the 
investigation of pollen raw materials before production of 
allergenic extract is o f  paramount importance (Anderson 
1985). The quality of the raw niaterial determines the qual- 
ity of the final extract. Thercfore any deficiency in the raw 
niaterial will lead to the production of poor allergenic ex- 
tract. Control measures employed for collcction of pollcn 
source material include pollen authenticity, method of col- 
Icction, processing and storage conditions prior to extrac- 
tion. Aimed at standardization of pollen raw materials, \ye 
selected Riciriiis corririiiirii.r (castor bean), an important 
pollen allergen of lndia (Shivpuri 6: Dua 1963; Singh et al. 
1973), to study the protein content and heterogeneity in the 
protein profiles of the extracts of pollen collected from: (a) 
different stages of flowering, (b) different time intervals 
during the same flowering scason, (c) different regions of 
India. and (d) stored for different ycars aftcr collection. 

MATERIALS AND METHODS 

Pollcri Collecrinri 

Pollinifcrous materials \\ere collected from Ricitiirs coitiitiitiiis at 
regular intervals of about two weeks from wildly growing commu- 
nities on waste places in Delhi during 19S7-19S8 season. On each 
visit pollinifcrous material from unopcncd mature buds and fully 
bloomed flowers wcrc collcctcd. A total of 21 samples, on 12 visits 
were collected from buds and flowers during the pollination season 
which starts in September and ends in htarcllApril. After drying, 
pollen were procured by crush head method and by passing 
through different grades of sieves. Pollen were also collcctcd from 
three different stages of flo\vering on the same day i.e.. immature 
buds (< 4 mm dia.). mature buds (> 4 mm din.) and blooming 
flowrs. Pollen collected for routine prcparation of allergenic ex- 
tracts in our  laboratory during the pollen season of I9S-l to 1957. 
from Dclhi region and stored at d"C w r c  used for studying var- 
iations in pollen stored for different years. Pollen from six other 
places of lndia \\ere also collected in I9S8 from flowers. The placcs 
in addition to Dclhi were Bangalore, I3hopal. Niigpur, I'iruch- 
chirappalli, Trivandrum and Visakhapatnani. 

hlicroscopic e.rariiirintioir 

hlicroscopical analysis of all thc pollcn raw niaterials procured 
from different sources w r c  carried out according to the method of 
Cour 6: Loublicr (1980). Pollen samples were examined for the 
pollen, its plant parts, pollen from other spccics, dust particles and 
fungal spores. Pollen from buds and flowers, collected at different 
time intervals, were > 96% pure, whereas pollen collected from 
different places and years had pollen purity varying between 88 
and 95%. 

Prepardori of mitigenic exlrncrs 

Pollen collected were dcfatted with solvent ether and then dried in 
a vacuum desiccator. Antigens \\ere extracted in 0.05 hi phosphate 
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230 Siiigli A. B.  et 01. 

Table 1. I'roteiti cotitetit of extrncts (lo%, WIV) of Ricitiiis 
cotiiiiiiitiis prepwed froiii pollen of birds atit1 flowers col- 
lected (11 differetit time ititerv(i1s. 'Pollen samples not avail- 
able. 

Date of collection Protein mg ml" 

Buds Ro\vcrs 

02.10.87 
12.10.87 
25.10.87 
13.1 I .X7 
26.1 1.87 
05.12.87 
24.12.87 
I I.Ol.88 
23.01 .ES 

69.02.85 
20.02.88 
24.03.88 

hlcan (CV,%) 

30.01 .ES 

4.9 
3.3 
3.7 
3.9 
3.4 
4.5 
4.7 
6.2 
5.6 
8.0 
9.1 
8.2 

5.5 (35) 

* 

4.2 

4.5 
4.0 
4.5 
5.0 
5.7 
6.8 
7.5 
4.0 
5.5 
9.8 
9.1 

5.9 (32) 

buffer (pH 7.S)lcontaining 0.5"/0 saline by continuous stirring af 
4°C for 20 lirs in 10% concentration (w/\,). Following extraction, 
s;iniplcs were didyscd against distilled water using Visking dialysis 
tubing tvith a nominal cut off point of 3000-3500 daltons. After 
dialysis extracts were lyophiliscd and stored at -70°C till further 
use. 

Estitiintioii of proteiti 
Protein concentration was estimated, after precipitating the pro- 
teins with phosphotungstic acid, by the modified Lowrys method 
(Lowry et al. 1951). A calibratcd solution of bovine serum albumin 
\\as used as standard. l l i e  mean protein concentration and coeffi- 
cient of variation (%) w r c  calculated to find the extent of var- 
iation aniong the samples. 

Isoelectric focirssitig (IEF) 
IEF w a s  performed on  Ampholine PAGE plates (Pharmacia LKB 
Biotechnology, S\vcdcn, pH 3.5 - 9.5.) according to  the manu- 
facturcrs manual. 10 ul of extract containing 100 ug of protein ivas 
loaded. pI markers obtained from Pharmacia were used to deter- 
mine thc pl points of different proteins. The gel was stained ivitli 
Cooniassie Brilliant Blue R 250. 

SI~S-i)ol)acr).l(iiiii(le gel electroplioresis (SDS- PA GE) 

A polyacrylamidc gel (10%) containing 0.1% SDS was used. 20 ul  
of samples containing SO ug of protein were heated with equal 
amount of sample buffer (2% SDS, 10% glycerol, 5%. Betamcr- 
captocthanol, 0.01 hl 'liis pH 8.0. 0.001 h l  EDTA, 0.1% bro- 
mophcnol dye) at I0O"C for 2 min. and applied to each \veil. l h c  
gel \\as calibrated \\ith a marker protein obtained from Sigma, 
Chemical. Co. U.S.A. The gel \vas stained tvith Coom;issic Bril- 
liant Blue I< 250. 

'liible 11. I'roteiti cotitetit of extracts of Ricitiiis cotitiiiiitiis 

polleti collected froiii iliffcretit stages of itiflorcscctice. 

Stages of inflorescence Protein nig m P  

Buds (<4mm) 
Buds ( S m m )  
Flowers (anthesiscd) 
hlean (CV,%) 

1.2 
3.3 
5.8 

3.4 (55) 

RESULTS 

Proteiri coticetitrntioii 

In the extracts from pollen collected at  different time in- 
tervals from buds, protein concentration varied from 3.3 - 
9.1 nig nil" and in flowers from 4.2 - 9.8 mg m1.I. The  mean 
values were 5.5 mg ml" k 35% C V  and 5.9 nig nil-' k 32% 
C V  for buds and flowers rcspcctively (Table I ) .  

Protein contents of the extracts from pollen collected on 
the same day (12.01.89) froni immature buds (< 4 mm 
dia.), mature buds (> 4 nitn dia.) i d  flowers were found 
to be 1.2, 3.3, and 5.8 mg ml" respectively (Table 11). 'I'he 
mean value was 3.4 mg ml" k 55% CV. 

Protein contents from extracts of the pollen samples 
stored for different years and collected from different 
places of India are given in 'liible 111. Extracts prepared 
from pollen stored from 1984 to 1989 pollen seasons 
showed variation from 1.1 to 5.8 nig nil'' (mean 3.2 k 57% 
CV). Antigenic extracts from pollen of different places 
during the same season, showed variation from 1.3 to 5.8 
mg ml" (mean 3.9 & 35% CV). 

IEF pntteriis 

IEF patterns of the 24 extracts prepared from pollen col- 
lected at different time intervals from buds/flo\vers during 
the same flowering season did not exhibit markcd variatiqn 
;is can be seen from samples 1-19 elcctrofocussed (Fig. 1A. 
B). hlajor bands are detected in the pII range of 4.0-5.5. 

Table 111. Protciti coittetit of extracts of Iticiiiiis cottiiiiiitiis. 

A. storcd for different years (Delhi). I%. collected from 
different places of India, in 1988. 

Years A. Protein B. Places Protein 
mg ml'l mg m1.l 

1984 1.1 
19S5 1.6 
19S6 2.8 
1987 2.3 
19ss 5.5 
19S9 5.8 

hlcan 
(CV,%) 3.2 (57) 

Bangalore 
13hopal 
Delhi 
Nagpur 
Tiruchchirappalli 
Trivandrum 
Visakhapatnam 

h k i n  (CV,%) 

4.4 
3.7 
5.E 
2.7 
4.5 
1.3 
4.8 

3.9 (35) 
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Voriotioris iri polleri extrmts of I<iciriiis 231 

Fig. 1. lsoclcctric focussing 
patterns of cxtracts of pollen 
collectcd from unopened 
buds and hloomcd flowers at 
different tinic intervals 
during the same flowcring 
season. 
pl = hiarkcr proteins with 
their pl points. 
A. Samples 1, 3, 4, 6 ,  8 
from buds and rcst from 
flobvcrs. 
U. Samples 10, 12, 14, 16, 
18, from buds and rcst from 
flo\vcrs. 

Three bands are present in alkaline region (pH 8.4 - 8.8). 
The banding pattern is almost similar except for one band 
around pl1 6.8 which starts appearing in the extracts pre- 
pared from pollen collected from the month of February 
onwards. When the extracts from immature, mature buds 
and flowers collected on the same day were analysed for 
IEF patterns, i t  \vas found that extract from pollen of 
immature buds had fewer protein bands (Fig. 2). Not much 
difference was seen in the extracts of mature buds and 
flowers. 

The IEF protein pattern obtaincd from pollen extracts of 
different years and places can be seen from Fig. 3. The 
bands of acidic region (pII 4.0 - 5.5) are generally present 
in all the extracts prepared from pollen stored from 1983 
omvards. In the extracts of 1988 and 1989 bands are present 
through out the length of the gel. In the extracts from 
pollen of 1984 to 1987 bands of basic region are absent. 
Significant variation is seen i n  the antigenic composition of 
extracts prepared from pollen collected from different 
places. ‘the bands of acidic region are present in all the 
samples but these are not sharp in the extracts of Bangalore 
and Trivandrum. A band at pH 8.6 is present in the extract 
of Nagpur, Tiruclichirappalli and Visakhapatnam. Protein 
bands of the basic region are present in the extracts of 
Bhopal and Delhi only. 

SDS- PAGE 

The protein profiles of the extracts of pollen from different 
time intervals are shown in Fig. 4 and 5. The bands are 
present in molecular weight range of 14,000 to 70,000. Two 
bands of 66,000 d and 70,000 d are major protein bands 
present in all the samples. Bands of low molecular weight 
20,000 - 29,000 d are also present in all the samples but 
they become more sharp and distinct from December on- 
wards. No difference was seen in the banding pattern of 
extracts prepared from pollen collcctcd from mature buds 
and floivers except that in extract of flowers ;1 protein band 
around 20,000 d is niore prominent. In  ininiature buds very 
few bands are present although they are in the molecular 
\veight range of 14,000 - 70,000 d but they are very faint. 

SDS-PAGE pattern obtained from pollen extracts of dif- 
ferent years are given in Fig. 6. The samples from 1988 and 
1989 showed maximum number of bands ranging from 
14,000 to 70,000 d. In samples from 1Y84 to 1987 only four 
to five bands are present. SDS PAGE pattern of samples 
obtained from different places (Fig. 7) showed significant 
variations. Pollen sample from Delhi showed higher num- 
ber of bands. In kmgalore. Nagpur, Tiruchchirappalli and 
Visakhapatnam banding pattern is almost similar except for 
the absence of 70,000 d rnolccular weight protein in Banga- 

Grona 31 (1992) 
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232 Sitigh A. 13. et 01. 

Fig. 2. IEF patterns of 
extracts of pollen collected 
from three different stages 
of inflorescence on the same 

1. lnimature buds (< 4 nim 
dia.) 2. hlature buds (> 4 
nini dia.) 
3. Uloomcd flotvcrs. 

day. 

lore and Nagpur samples and two protein bands around 
15,000 d in Bangalore samples. In extract of Bhopal bands 
of low molecular tveights ;ire not distinct. 

DISCUSSION 

Castor bean plants arc grown commercially in Ihazil, 
China, ‘ l k d a n d  and France for their unsaturated oil which 
has wide industrial applications (Rubsamen-Waigmann el 
al. 1985). In India, i t  is extensively cultivated in Andhra 
Pradcsh. Uttar Pradcsh. Bihar and Karnataka (Kulkarni 6: 
l<nniannniurthy 1977). Ho\vcvcr. it also grows as weed 
along road side and \vaste places in different regions of the 

country. High concentration of its pollen in the atmo- 
sphere, high pollen productivity (c. 400 polledanther) in 
addition to high skin reactivity in respiratory allergy pa- 
tients suggest that it is an important aeroallergen (Shivpuri 
19SO; Singh & Rabu 1952; Singh 1984). ‘Ihc allergenicity of 
Ricitiiis pollen have been proved using intradermal skin. 
Prausnitz Kustner (PK) and bronchial provocation tests 
(Singh et al. 1973). The study is primarily aimed at standar- 
dization of pollen raw material of K i ~ i ~ i i s  C O I W ) I ~ U I ~ S  for 
preparation of allergenic extracts for diagnosis and immu- 
notherapy. 

Protein concentration showed variation in the antigenic 
extracts of pollen collected at different time intervals dur- 
ing the same flowering season in buds (CV = 35%) and 
flo\vers ( c v  = 32%). In both buds, and flo\vers, maximum 
protein content was in the extracts prepared from pollen 
collected in the month of February and least i n  the month 
of November. I t  is interesting to note that protein conccn- 
tration of the extract from pollen of immature buds was 
very low as compared to mature buds and flowers showing 
high coefficient of variation (54%). Some of the pollen 
from immature buds were in the tetrad stage of dcvcl- 
opment. Changes in the antigenic composition of short 
ragweed has been demonstrated by Larson & Glcich 
(1975). They have reported that AgE is present in very 
small amounts prior to pollination season, increased with 
anther iind pollen grain maturation and decline gradually 
with the flowering season. Our results showed similar pro- 
tein pattern which increased gradually with the flowering 
season but a trend of decrease was conspicuously absent. 

Protein concentration of the extract from pollen stored 
from different years (1-5 yrs.) showed high variations (CV 
= 57%). The quality of pollen from different years is also 
reported to be variable (Anderson 19S5; Maasch et al. 
19S7). Variable patterns in protein concentrations has also 
been obsened  from antigens of pollen sarnplcs procured 
from different populations in India (CV 35%). The  var- 
iation in  the protein contents in the extracts from pollen of ,  
different years is more than from different places. This 
could be due to climatic factors, variable soil composition. 

Fig. 3. IEF patterns of 
extracts prcpared from 
pollen stored for different 
years collected from Delhi 
and from differcnt places of 
India. 
1-6. 1984 to 13S9 (Delhi) 
7. Bangalore 8. Bhopal 9. 
Nagpur 10. Tiruchchirapalli 
11. Trivandrum 12. Visakha- 
patnam 
pl. hlarker proteins \vith 
their p l  points. 
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V(iriatiotis iti pollen exrmcts of Riciriirs 233 

Fig. 4. SDS-PAGE pattcrns 
o f  pollcn extracts collected 
:it diffcrcnt timc intervals 
from buds and floivcrs. 
A. Samples 1. 3, 4,  6 ,  8, 10, 
12. from buds and rest from 
flotvers. 
1%. Snmplcs 14, 16, 18. 20. 
22 from buds and rcst from 
flo\vcrs. 

collection process, time of collection and storage condi- 
tions. 

The IEF pattern of the antigens prepared from pollen of 
mature buds and flowers at different time intervals were in 
good agreement with each other showing only slight differ- 
ences in  staining intensities of some of the bands towards 
the latter part of flowering season. One band around plI 
6.S starts appearing in the extracts prepared from pollen 
collected in the montli of February onwards. Although 
protein bands arc present through out the length of the gel 
but higher number of bands were obtained between pH 
range 4.0 - 5.5. Three bands were also present in  the 
alkaline region (pH 8.4 - 8.8). Ho\vever, pollen samples 
from immature buds showed fewer number of bands which 
were not sharp and no band was seen in the alkaline region. 
This is significant in view of the bulk collection of pollen 
from the nature which includes inflorescence of buds and 
flowers and thus affect the quality of the pollen extract. It 

is, therefore, suggested that small buds should be discarded 
whilc collecting pollen for antigenic preparation for diag- 
nosis and treatment. 

IEI: pattern of the pollen samples of different years from 
the same geographical region, and from places in South and 
Central India sho\~ed variations. hlost of the protein bands 
in acidic region were present in all the samples. In the 
stored samples from different years (1984-1987) the ab- 
sence of certain bands and Ionv intensity was recorded. As 
the protein profile of the stored samples at the time of their 
collection is not available, it is difficult to attribute the 
variability due to storage effect or the absence of the bands 
from the beginning. The variability among pollen samples 
from different places could be due to geographical effect 
with extremely variable climatic conditions. Geographical 
variation in the antigenic components of Olccr pollen sam- 
ples has also been reported from Spain by Barber et al. 
(1990). 

Gram 31 (1992) 

D
ow

nl
oa

de
d 

by
 [

18
3.

11
1.

16
9.

20
4]

 a
t 0

3:
46

 3
0 

Ja
nu

ar
y 

20
16

 



234 Sirigli A .  B. el (11. 

Fig. 6. SDS-PAGE pattern of extract prepared from pollen storcd 
for different years. 
1 4 .  19S1 to 19S9. 

Fig. 5. SDS-PAGE pattern of extracts of pollen collected on the 
samc day from different stages of inflorcscence. 
1. Immature buds (< 4 mm dia.) 2. hlature buds (> 4 mm dia.) 3. 
Bloomcd flowers. 

Protein profiles of various samples from buds and flow- 
ers collected at different time intervals, when subjected to 
SDS-PAGE showed almost the same pattern as that in IEF. 
Samples from different years and places confirmed remark- 
able variations as that in IEF. 

Large variations in the antigenic components of ragweed 
pollen from different suppliers have also been reported by 
hlaasch et 31. (1987). However, similar variations with 
respect to Plileirrii pro/erise was not observed (Maasch et al. 
1986). We observed variations in the pattern of IgE binding 
proteins in the pollen extracts of different source materials, 
with the sera of hypersensitive patients (unpublished). 

On the basis of the observations, it is concluded that 
there exists an intraspecific variations in the protein com- 
ponents of the pollen procured through different sources. 
For antigenic preparation, time of collection, maturation of 
inflorescence, place of collection and period of storage 
should be taken into account to minimize variability in the 
antigeniclallergenic components. 
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Fig. 7. SDS-PAGE Pattern of extracts prepared from pollen col- 
lected from 
I .  Bangalore 2. Bhopal 3. Nagpur 4. ‘I?ruchchirappalli 5 .  Triva- 
ndrum 6. Visakliapatnam. 

places Of India.  

D
ow

nl
oa

de
d 

by
 [

18
3.

11
1.

16
9.

20
4]

 a
t 0

3:
46

 3
0 

Ja
nu

ar
y 

20
16

 



Vnriniiotis iti yolleti e.vircic[s of I<icitiirs 235 

REFERENCES 
Anderson, hl. C. 19S5. The effect of the quality of source material 

on rcfcrcncc preparations. - In: Proc 4th Int.  P. Ehrlich Scmin. 
Ikgulat. Contr. Stand. Allerg. Extr. pp. 17-26. - NIII, Bc- 
thesda. 

Barbcr, D., Carpizo, J., Garcia-Kumbao, hl. C., 1’010, F. &Juan, 
F. 1990. Allergenic variability in Oleo pollen. - Ann. Allergy 
G1: 43-46. 

Cour, P. 6: Loublier, Y. 19SO. Sampling and preparation of pollen 
for microanalysis. - Rev. Fr. Altergot. 20: 197. 

Gjcsing. B., Jager, L., hlarsh, D. G. S: Lo\venstein, H. 1985. The 
international collaborative study establishing the first intcma- 
tional standard for timothy (f’hleiiui prrtroue) grass pollen al- 
lergenic extract. - J. Allergy Clin. Immunol. 75: 255-267. 

Helm, R. hl., Gaucrkc, hl. B..  Bacr, H., Lownstein, 11.. Ford, 
A., Lcvy, D. A. S: Norman, P. S. 19,M. Production and testing 
of an international reference standard of short ragweed pollen 
extract. - J. Allergy Clin. Immunol. 73: 79@400. 

Kulkarni, L. G. 8 Kamanamurthy. G. V. 1977. Castor. - Ind. 
Council Agric. Res., New Dclhi. 

Larson, n. S: Glcich, G. 1975. Changes i n  the antigenic composis- 
lion of the short r;ig\vectl plant during maturation. - J. Allergy 
Clin. Imniuriol 56: 112-1 16. 

Lowry, 0. 11.. Roscnborough, N. J., Fx r ,  A. L. S: Randall, R. J. 
1951. Protein measurement with the Fohn phenol reagent. - J. 
Uiol. Chcni. 193: 265-273. 

hlaasch, 11. J., Qcisslcr, W., Winter, t l .  G. S: \Vatit, R. 1956. 
Quality of timothy pollen (fliletrrti proreme) from different 
pollen seasons and different suppliers. - Int. Archs. Allergy 
Appl. Immunol. 81: 85-91. 

hlaasch. H. J., Hauck, 1’. R.. Oliver. J. D., Geisllcr. W.; \Vahl, I<. 
6: Winter, I I .  G. 1957. Atkrgenic activity of short rag\vccd 
pollen (Attihrosin t-lorior). from different yeardor suppliers. 
Criteria for the selection of an in-house reference preparation. 
- Ann. Allergy 58: 429-434. 

Rubs;imen-W;iigmann, 11.. Winkler, K. 0.. hfuller, 11. W., 
Kaiser. 1’. E., Spcner, F.. I W x r s ,  Y. R: Urede, H. 19S5. 
Production arid testing of a proposed reference preparation of 
the purified main allergen from castor beans. -In: Proc 4th Int. 
P. Ehrlich Semin. Regutat. Contr. Stand. Allerg. Extr. (ed. 

Shivpuri. D. N. 19S0. Clinically iniportant pollen, fungal and 
insect allergens for nasohronchial allergy patients in India. - 
Aspects Allergy & Appl. Immunol. 13: 19-23. 

Shivpuri, D. N. 6: Dua, K. L. 1963. Studies in pollen allergy in 
Dclhi ;irc;i. Part IV. Clinical investigations. - Indian J. hfed. 

Singh, A. n. 1984. Pollen production in common allergenic plants 
of Dclhi and their atmospheric prevalence. - Sci. Cult. 56: 

Singh, A. B. S: Babu, C. I<. 1982. Survey of atmospheric pollen 
allergens in Dclhi: Seasonal periodicity. - Ann. Allergy 4s: 
115-121. 

Singh, A. B., Kapoor, A., Singh, K.. I’arkash, D. & hlenon, hl. P. 
S. 1973. A preliminary report on the allergcnicity of various 
parts of f-3ciriirs co/timriiis. - Aspccts Allergy S: Appl. Immu- 
not. 6: 61-68. 

Stewart, G. A., ‘I‘urncr, K. J., Baldo, B. A.. Cripps. A. W.. Ford, 
A., Scagroatt, V., Loivcnstein, H 6 Ekranioddoullah, A. K. 
hl. 19S8. Standardization of rye grass pollen (Loliio/i pefc’lille) 
extract. - lnt. Archs. Allergy S: Appl. Immunol. 75: 255-267. 

NIH), pp. 183-199. - NIH, Ucthesda. 

RCS. 51: 6,%74. 

65-67. 

Grana 31 (1992) 

D
ow

nl
oa

de
d 

by
 [

18
3.

11
1.

16
9.

20
4]

 a
t 0

3:
46

 3
0 

Ja
nu

ar
y 

20
16

 

View publication stats

https://www.researchgate.net/publication/232892637

