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JOURNAL OF IMMUNOASSAY, 9(1), 51-68 (1988) 

D Overkanp, S M3hanw3-Alif C Cartlee, and J Iadon 

Department of chemicdl pathology, S t .  E E r t h ~ l o p n e w ~ s  Hospital 
West Smithfield, EClA 7BE, UK 

BdLb/c mice jnmunised intraperitonedly w i t h  insulin developed 
s i g n i f i d y  higher antibody coxmtrat icms in their serum than mice 
irmrmnised -1y. The antibody response was dose related, 50 
ug amunts being more effective than either 20 ug or 5 ug anuunts. ~n 
Contrast, the antibody ti- in the ascitic fluid of mice inmarnised 
with gmwvl hornrme were significantly higher after 5 ug when ccwpared 
to 25 and 100 ug amxmtS. 

Repeated jntramitoneal injections of an ennilsion of sheep IS 
or human grawth homme in canplete adjuvant, tcge- with a 
single intramitmeal injection of pristane, irduced ascites 
formation in  mbst mice w i t h i n  5 weeks. vp to 90 mz~ a u l d  be cbtaimd 
f m  a single m o u ~ e  by abdcaninal tapping, and the arrtibcdies derived 
f m  the ascitic fluid pmved suitable for application in  a 
radioinarmnoassay. 

(XEY WF?IE: ascitic fluid, mrine plyclonal antkcdies) 

ImmmCrIm 

Antibodies are the most important readants in a l l  irrPrmnoassays 

since it is theywhich laqelydeterrmne ' both specificity and the 

ultimate sensitivitythat canbe achieved. Aquinea-pigantkemm 

forn&thebasis of the f i r s t  radioilmmcassay (11, todeterdm 
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52 OVERKAMP ET AL.  

circulating levels of insulin, and guinea-pigs remain the species of 

choice for the p- 'on of anti-insulin se.ra. Hawever, the ne& for 

cardiac puwture and the. m a l l  volumes of blood that can be abtained 

has mitigated against their widespmd use atxl most plyclonal 

antibodiesarecuntmtlyraisedin rabbits, sheeporgoats. N o t a l l  

inrmunoassayists have access to such animdLs ard the costs involved in 

their purchase, housing, and maintenance are considerable. 

Ekthermre, the expenseprwents the immisation of large enough 

numbers of these animals to produoe statistically meanirqAiL 

which may explain my a n t w  production, despite its CentrdL role in 

imumssay developnent, remains more of an art than a science (2).  

It would be both easy and relatively hexpensive to innrumise 

larqe groups of mice but, althaqh central to mnoclonal antibody 

P a  'on, mice have not been enplcged extensively to raise 

plyclonal antikcdies. l h i s  reflects the diffiarlty and time requird 

to bleed mice f m  their tail veins or by cardiac pmture and, even 

i f  sacrificed, each muse pmvides only &cut 0.5 m l  of SenJm, thus 

lmxitqthis an extravagantmethod of cbtainhq antibodies. 

An alternative method of 0btai.nh-q lnrrine antibodies is to in3uce 

fonnation of ascitic f luid after primary hunisation. rmuS, in 1957, 

reported that repeat& intraperitomal injections (I=) of egg 

or mine alkmnin emulsified w i t h  Freurd's -1ete adjwant, often 

caused fonnation of ascitic fluid containing specific antkcdies (3) 

i n  ccncentrations apprcmimating thosa in sennu (4). Liebern\an ard her 

colleagues exterded these m e 8  (5 ,6)  by introcluc h g  diffarent 

bacterizd antigens. Further mdifications of the method includhg the 

ti&q of the inanisa t ion  schedule, selection of apprapriate strain 

of nuuse ( 7 ) ,  use of a high ratio of adjuvant to j.amumga, and the 

IPI of P r i h  (8,9) ncw make this a Miable p-. 
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POLYCLONAL ANTIBODIES 53 

Antibodies pz-dud by this technique have been qloyed for rrany 

purposes, such as S M e S  on the structure of x l l l r h  i.imltqlabulins 

(10,ll) and the ~ I U W  response to infectiaus agents (12,13). Most 

antibcdies have been raised against cell surface antigens on red blccd 

cells, bacteria or viruses , and the technique does nut appear to have 

beenusadto studyfactorsinfluencingtheinmavle response (suchas 

hpuved adjuvants) or to provide antibodies and carrier prateins for 

i . n m m ~ y p l r p o s e s .  

Inanattmpttooptimisethe methodfurtherwithregard tothe 

quantityof antibody produced, wedealt w i t h  scme of the issues 

involved separately. Fi r s t ,  we carpred antibody production follmjng 

the administration of a Small soluble antigen ( W i n )  via the 

subcutaneous or intraperi- mute. S d ,  we investigated the 

influence of the dose of two peptide antigens differ- in molecular 

weight (insulin and human gmwth homne) on the antibody titre either 

inserumor ascitesand, third, westudiedthe effectof different 

adjuvant ccunbhtions ambinmg ' sheep bmnuncglcaxllin G (Is) as 

bmmcgen cm the volume of ascitic fluid produced. 

MeB?ilb/c mi- aged 8 t o 9  wee)csatthebegirdWofthe 

irnrmnisatianardrangirqinwai*tfrQul5 to22 gwereusedfarall 

studies. 

-1s axplete (FCA) and inmnp1- (FIA) adjuvantswere 

pmhased frcm Difco Laboratories, Detroit, USA; rnmnal sheep senrm 

ard gheep anti-muse IgG f r a n  I=, La%km, UK; ctmxoal, (Norit GSX) 
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54 OVERKAMP ET AL. 

and p l y e t h y l e n t q l p l  6000 (PEG) fran BM, Poole, Dorset, UK; DeJrtran 

T 70 frcpa Fharmacia, HcmslaW, Middlesex, UK; DEAE Affi-gel Blue fran 

B i o - M ,  Watford, -fordshire, UK; and PriStane (2, 6 ,  10, 14- 

td ramthylpnbdem~)  frun Sigma, poole, Domet, UK. A l l  reagents 

were, whmwez possible, of analytical grade quality. 

sdsynthetic human insulin of porcine origin was kirdly donated 

by N W ,  capenhasen, Camark, and dissolved in  nonral saline a t  the 

reqgim3 ccrmcentrations. lhese solutions were then d s i f i e d  

w i t h  Fca for the first iimmisa tion and w i t h  FIA for reinmmisatlons 

a t  a ratio of 1:10, together w i t h  a few drops of B r i j  20%. 

125 I- labeleel ~L?EUY insulin was purchased frcm~ Amersham 

Intenlationdl, Amersham, ux. 
A tatal O f  60 Were divided inb grarpS Of 10 and the in 

each gmup received either 5 ug, 20 ug, or 50 ug of insulin in 200 uL 

volunres of d s i o n  by either the subartanscrus mte (XI) or TPI on 

days 0 ,  14, 28, and 44. 'IWentymice given 100 ug of insulin either SC 

or IP were inmaonised only once. Blood sanples wem collected (on days 

14,  28, 44, and 64) frm a tail vein into cdlibr2tted tubes 80 that the 

volume mined a u l d  be estimated. A nrean volume of 50 uL was 

collected and this was diluted 1 : l O  in assay Wfer, centrifuged t o  

reMxTe red blood cells and the diluted  sen^ stored at -2O'C until 

their -. 
Antibody ti- u~ere  asssssed by in=ubating 200 uL of a 1:lOO 

dilution of ea& antisenaa w i t h  100 UL (containing 20 pg) of 125 I - 
labeled human insulh and 100 uL of assay mfer (0.04 M w t e ,  @3 
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POLYCLONAL ANTIBODIES 55 

7.4, a0ntai.nb-q 0.15 M NaCl, 0.01M EVlR, 0.5% BSA, and 0.1% Na-azide) 

for 24 h a t  4"c . separation of the bGud and free fraction was 

achieved by adding 400 uL of dextran mated charcoal (2.5 g charcoal + 

0.25 g dextran T70/100 ml assay h f fe r ) ,  centrifugation a t  2500 q m  

for 30 min a t  492, a s p h t i t q  the supernates to waste ard counting the 

charnodl pellets (containing the free fraction) in  amulti-well 

scintillation axprter. No3lspecific biniing was estimated by including 

tubes txltaining m added antisesum, was generally belm 5% and was 

not acxwrunted for. peroentage bcnud was calculated by substractirq 

the anmts of tubes OOntaMng antisera f m  Mal counts and 

subsequent division by total CQUnts. 

Human Qmwth hormonewasplrified firm frozenhumanpituitary 

glanels as ~~ previously (14) and dissolved i n  mnnal saline a t  

the required concentratians. a- solutions were emulsified 

w i t h  E?I and 200 utvolumes injecteaby the IP mte into mice ushq a 

23 gauge needle on days 0, 14, 21, ark3 28. On day 14, eachn-cuse also 

received an IPI of 500 uL of hristane. 

?hie mice were tappea as won asvisible asciteshad formed 

(earliest day 21) and this was conthud for up to 12 weeks. 

125 I-labeled I'Gi Was prepared US- iodogenr -described 

previously (15). l k e  antibody titre was estimated by incUbatl3-g 100 

ut (200 pg) of tracer with 100 uL of daub19 dilutions of ascitic 

fluid for 16h a t  lo~n tenprature. Separation was aaevedby 

addition of 50 uL of a 1:lOO dilution of mnnal mcxlse m, fallwed 

by 50 UL of a 1:10 mut.bl of sheep arki-nrxlse I$ and, after 15 H h ,  
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56 OVERKAMP ET AL. 

1 m l  of PEX; 6000 (to give a final concentration of 4%). The tubes 

w e r e  then centrifuged for 30 min at 4'C and 2500 and the 

precipitates, containing the koud fraction, counted i n  a r m i l t i d l  

scintillation cxwlter. 'Ihe antibody titre is given as the final 

dilution that bun3 50% of the labelled hornre. 

' J 3 h - t ~  mice were spl i t  into graups of ten and given either 5 ug, 

25 ug or 100 cg amounts of the inummcgen per humisation. 

Volume PJmauch 'on study 

N o n n a l  sheep serum was precipitated w i t h  solid sodium sulphate 

(18% w/v). Each precipitate was washed w i t h  an quid v o l m  of 

aqueous sodium sulphate (18%), spun in a bench centrifuge and the 

supernate decanted. Theprecipitatewasthen resolubilised inthe 

original volume of 0.15 M NaCl before reprecipitation as described 

above. After resolubilisation further prification was by ion ex&ange 

ard affinity chrematography using DE?iE Affi-gd Blue to  xmve 

contaminat- albumin ' andpmteases. 

For preparation of the irmumogen dxhxe, alicpmts of 1 ml 

containing 2.5 g/L of IgG were added to 9 ml of ccarp?lete or hcmplete 

Freund's adjuvant and emulsified by vigonxls vortex mixing after 

addition of 3 - 5 d r c p  of mij 20%. 

F C U ~  grarps each of 10 mice given IPIs of 200 UTA of 

adjwant/imwmgen (mtainitg 50 ug I$) on days 0, 7, 14, 21, and 

28. 
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POLYCLONAL ANTIBODIES 57 

Grerups 1 and 2 were given ccmplete Freund's adjuvant throughout, 

Graups  3 and 4 received hxmplete Freud's adjuvant throughout. 

In addition to adjwant/inmqen, gmups 1 and 3 received a 

sirgle intraperitoneal hjection of 500 uL of Pristane on day 14. 

statistics 

lbtresultsareexpressedas means +/- Sm i f  notindicated 

atherwise. ccnrparisonbetmen meanswasperformed usingthe 

Mann-whitmy test. when more than twomeans were cclmpared, the 

diffemnce between the multiple g r w p  was f i rs t  established by the 

Kruskal-wdllis test. p-values (2-tailed) of the Mann-Whitney test 

performed afteman% were corrected for the rnrmber of grcrups cclmpared 

am3 values less than 0.05 were t a h n  to be statistically significant 

anddenatedby*. 

Insulin study 

Five cut of ten mice given 100 ug of insulin and two of the ten 

injectd with 50 ug of insulin by the IP route died w i t h i n  two days, 

whereasonly cmemusegiventheseamounts sukcutaneously f a i l ed to  

w i v e .  

TIE mice given 100 IXJ amunts were follcwed w i t h o u t  

injections of jmumcgen. 'Ihere was a statistically significant 
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58 OVERKAMP ET A L .  

COMPARISON OF EFFECT OF ROUTE OF IMMUNIZATION 

90 
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u loopg S.C. 
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increse in tram birding between day 14 and 64 after ths single SCI, 

but ~3 significant fncrease after day 14 follcwhg the IPI. 

IntraFikmeal hummisation caused significantly higher serum 

antibody ti- than subcutaneaus inwulation on days 14 to 44 (Figure 
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POLYCLONAL ANTIBODIES 

COMPARISON OF EFFECT OF DOSE AND ROUTE OF IMMUNIZATION 

59 

14 28 44 64 

Day 

2opgs.c. 

f3 20pg I.P. 

14 28 44 

Day 

I 
FIGURE 2 

Repeated IPIs of 5 or 20 ug amxlnts also caused significantly 

highs (approximately dable) serum antkcdy ti- than SCIs of the 

same dose (Figure 2). 

Fol lowhj  repeat& IPIs, 50 ug amunts caused significantly 

higher antibody titresthan5 ugamountson day28 and44 .  2 0 q  

injected repeatedly gave rise to significantly mre binding than 5 ug 

on day 64 (Table 1). 

U 

64 
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60 OVERKAllP ET AL. 

Day of study 5 20 50 100 

5 (2) 9 (8) 10 (8) 18 (19) 

Results for the 30 Bdlb/c mice given three different doses of hQI 

by Im are surmnarised in Table 2. "b died and a further five did not 

prcduce sufficient ascitic fluid to  tap. Antibody titres in the group 

receivbq only 5 ug anmnts of hQI were significantly greater than 

those in the ascitic fluid fmrm the groups injected with 25 ug 

(~0.05) or 100 cg (peO.01) amaylts. 'Ihe mean total volumes of 

ascitic fluid produced did not differ between the three grcnrps. 

N o  ascites could be remv& f m  any of the m s  inmnrdsed 

w i t h  FI?~ (grcup IPI and IV), whether they had received a d d i t i d  

h-istane or-. lhatthis isdue t o a  failure topxduceascites 

rather than to difficulties i n  rerwrirg it is evident frcan the f h 3 i . q  
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Ascites Volume an3 Antibody T i t r e  after 
~raded Intraperitoneal Injections of 

GraWthHo-e 

Animdl No Total Volume Antibody Titre 
of Ascitic (-iP-) 
Fluid (inl) 

G i v e n  5 ug hGH/Imrcmisation 

1 
2 
3 
4 
5 
6 
7 
8 
9 
10 

2,5 

90,o 
10 
10 

20,o 

22,o 
1910 

49,O 

13,O 

65,5 

34.000 
72.000 
48.000 -- 

-- 
40.000 
52.000 
56.000 
120.000 
60.000 

G i v e n  25 ug hBI/limnunisation 

11 
12 
13 
14 
15 
16 
17 
18 
19 
20 

Died 
10 

8 , s  
13,O 
82,O 
33,O 
18,5 
24,O 
37,5 
D i e d  

34.000 
6.000 
13.000 
48.000 
11.000 
9.000 
32.000 -- 

G i v e n  100 ug hGH/nmnunisation 

21 
22 
23 
24 
25 
26 
27 
28 
29 
30 

40,5 
20,5 

10 
22,5 
48,O 
10 

51,O 
35,O 
81,O 
76,O 

5.000 
4.000 

4.000 
26.000 

5.000 
18.000 
16.000 
9.000 

-- 

I 
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62 OVERKAMP ET AL. 

Volume of Ascitic Fluid after Intraperitoneal Injections of “plete 
Freund’s Adjuvant/IgG without ( G m q  I) or with (Group 11) Addition of 
Pristane on Day 14. 

that these animdls gained only an average of 2 g in weic&t over the 

stucty period (data not Shawn). 

mery animal acbninistered prcduced same ascite., though 

nut 611 on the sam day. One animdl a t  of each ascites forming graup 

died during the absenmtion period (after day 38 in qmup I, after  day 

45 in group 11). The total volume prcduce3 ranged fm 0.7 to 12.2 ml 

per muse in group I am3 f m  2.3 to 23.2 ml in graup 11. Mice in 

group 11 began to form ascites three days earlier and for longer than 

those of gmup I. 

rn tatdl vcdum proctuced by group 1 aver the entire study prkd 

was 55 ml, as a m p a r d  to 124.4 ml by gruup I1 (Table 3). 

difference is statistically significant. 
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POLYCLONAL ANTIBODIES 

clinical uses 

63 

me aschic fluid pool f m  the muse (No 25) with the highest 

avidity was substituted for the rabbit anti-hai serum in the rautine 

hospital service assay at a findl dilution of 1:25,000. The results 

obtained with the two different antibodies for r~ in i c&samples  

correlated closely (~0.98) and the equation of the regression line 

was : y = 1.2 * X - 0.1 . W antikc&] supply f m  this one muse 

would be sufficient for abcut 5 million tubes. 

Finally, it was ShCxJn that the IgG in ascitic fluid f m  mice 

given FCA alone by IPI served equally well as no& muse serum IS 

as the carrier in SBCond antibody separation, dlthough the ascitic 

fluid had to be used at a lesser dilution as e x p z t e d  from its lawer 

total protein content. 

DISCUSSION 

‘Ik presMtstudyemghasises the usefulness of mxlseascitic 

fluid as a scarce of specific antibodies and nonspecific w i n e  

prpteinS. 

using this mcd,  the actvantages of mice as laboxatoxy animdls 

( d l  casts of plrchase and maintenance, availability of inbred 

strains, possibility to study large numbers) may be fully exploited 

while at the sam time the restrictions caused by their size (very 

limited volume of Serum) are partly ove3xae. 

Inthis studywe firstpresMtedwidence thatintraperitoneal 

humisation is superior to the subcutaneaus mte in termsof 
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64 OVERKAMP ET AL. 

antiboay titre. The higher mrta l i ty  of mice given large amounts of 

insulin by I n t h a n  that ofthose receivingthesame dosebysa 

sugyests that insulin is mre rapidly akeorbed from the peritoneum and 

may be taken up by other parts of the reticulo-endothelial system. 

Follawing such injections, the peritoneum becames lined w i t h  small 

nodular gramiicnnata containing proliferating plasma cells, lynphcqtes 

ard histiocytes, ard the Waninal and cervical lynph nodes enlarge 

(6). 

In the velum prpduction study we demonstrate thecriticdl 

importanCe of using cmplete Rt-euxl's adjuvant with a soluble 

immuncgen to induce ascites formation, wfiich contrasts w i t h t h e  

previous findings of Liebenmn and her colleagues (6).  As reccnmnended 

by T t r q  (8),  we used a high v o l m  ratio of adjuvant to inununqen for 

prepration of the inmunagen enailsion. ~n addition, we formally 

tested the effect of a single irkraperiton& injection of pristane 

ardfounda significant increase in volume prcdcction. 

The total ascitic fluid protein content is a b u t  50% that of 

sennn  and the antibodies are predaninantly of the IgG class (6) and 

the IgGl and IgG2 subclasses (16). Both ascitic fluid an3 senrm have 

a similar protein distribution, as evidenced by electrophoresis (17) 

andj3lmnma ectrophoresis (18,19) . 

Thestudyof theinfluenceof thedose on theinmumeresponse 

after repeated IpIs shows mnflictiq results for insulin and hQI. 

whereas hi- doses also gave higher antibcdy titres follawing 

insulininjections, the rwersewastrue f o r m .  W m a y r e f l e c t  

differences in the immxqenicity of the two cxqxamb. 
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POLYCLONAL ANTIBODIES 65 

14 200 uL 500 uL 

21 200 ut -- 
28 200 UZI -- 

After day 28 wait for ascites to fom, d c h  normally 
cccurs by day 35. Tap m i c e  and check weekly for fluid 
formation. Further injections of Imuncgeq/Adjuvant 
only when fluid pmduction begins to decrease or anti- 
k d y  titre not satisfactory. 

* ocanplete Freurd's Adjuvant 

kcmrtling to the experience gained so f a r ,  we would recomanerd an 

inmumisation scheme as outlined in Table 4. 

Mouse ascitic fluid may serve as an alternative source of 

antibdies for use  in inmuncassays, i f  success is not be- achieved 

using the wnventional types of animal. Furthermore, mice can be used 

t o  assess, whether a new inmurqen is suitable prior to its injection 

in  large quantities into larger animals, w i t h  a result in 35 d a ~ .  

?hisapproach mayalso be used to addresssuch questions asthe 

optimal ratio of carrier to hapten or the advantage of new adjuvants 

q l o y y i n s  large Maugh nwlbers of animals to produce statistically 

lwdqfu l  results. 
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66 OVERKAMP ET AL. 

Apart frcm being a m e n i e n t  source of antibodies, mouse ascites 

,for exanple for can also be used as a source of nonspecific proteins 

use as carriers in seoond antibody separation systems. 
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