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JOURNAL OF IMMUNOASSAY, 13(3), 339-353 (1992) 

Christine Cartledge, Charles McLean and John Iandon 
Department of chemicdl Fawlology 

'Ihe Medicdl College of st Bartholamw's Hospital, 
-m Square, LC" EXXM 6BQ, UK 

liwther studies of the humoral inmume respcplse have been 
\ndertaken using o v h  hnmogldxilin G as the l ~ ~ ~ l ~ g e n  and 
W / c  mice as the recipients. Mice inmumized by the intra- 
peritoneal Luute weekly for five weeks with an enulsion of the 
-jm i n  M I S  q l e t e  adjuvant and given an intra- 
peritoneal injection of pristane on day 14 produce relatively 
l a q e  volumes of ascitic fluid. A sin@le f l u o m ~ y  is 
used to determine specific antibody titres. The mice do not lose 
condition, ramin active and eat nomally thmqkut ,  although all 
show extensive granulana formatian w i t h i n  the peritoneal cavity. 
Tapping is perfonned before ascitic fluid production is excessive 
and each study is cmplete within 49 days, with a nraxinnrm of 5 
taps. only a single inmumization site is required, since no 
higher antibody titres are obtained using ccmbined intraperitoneal 
plus intrarrmsail ar plus subcutaneaus innnunization routes. 

A dose respanse study has shown that relatively large m t s  
(100 ug) of mine irrpRnaoglobulin G must be injectea t o  aroke a 
maxinarm response. studies are in progress of various adjuvants and 
potential modulators of the inmnme response and of ways i n  which 
the hnmogencity of ma~vl~leailes can be changed. RLis approach 
can also be used to obtain antibodies for diagnostic pxpcees mm 
rapidly than i n  rabbits and sheep. 

(KEY WRlX: mine iymnoglchlin G, polyclonal antibodies, 
mine model, ascitic f lud )  
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340 CARTLEDGE, MC LEAN,  AND LANDON 

I " R O E J " I 0 N  

Antibody production has long remained an a r t  rather than a 

science (1). mis reflects the difficulty and cost of immunizing 

statistidly relevant numkers of rabbits, goats or sheep and the 

time taken (at least 12 weeks) for specific antibodies to attain 

their maximum titre in these species. 

hexpensive to purchase and house, making possible the use of 

statistically significant rnmbers, and their inunune response is 

relatively rapid. However, they provide insufficient serum to 

enable detailed assessment and use of the resulting antibodies. 

One solution is to obtain the antibodies f m  their ascitic fluid, 

which has a similar protein distribution to serum albeit at only 

50% to 60% of the concentrations found in serum. Munoz (2) first 

suggested this possibility and TUrq and others undertook the 

pioneering work (3) which n m  makes this a reliable approach. 

Thus it is known that an appropriate strain of mice must be used 

(4) :  female mice produce larger volumes of ascitic fluid than 

males (5) ; and 10 to 12 week old mice are best suited for this 

plrpose (3) 

Mice are relatively 

In a previous study f m  our labomtory (6) plyclonal 

antibodies w e r e  raised in m r i n e  ascitic fluid to insulin, human 

grawth homne and wine bmnuncglobulin G (oIq2) and the 

intraperitoneal (ip) route of immunization was found to be 

superior to the subcutaneous route in terms of the maxinnrm titres 

of specific antibodies attained. 

preferred i.nmmogen for use in further studies bemuse of its 

freedm frcan side effects, low cost and wide availability. 

It was decided that oIgG was the 

This 
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POLYCLONAL A N T I B O D I E S  I N  A S C I T I C  F L U I D  O F  MICE 34 1 

paper summarizes the optimization of the procecture with regard to 

the adjuvant used, the time of the pristane injection and the dose 

and mute of administration of the oIG. 

ascitic fluid and antibody production w e r e  then studied. 

time course of 

MATERIALsANDMEmom 

G r c n q x  of 10 W / c  female mice, aged 8 to 10 weeks and 

weighing from 15 to 22 g at the t h  of their first ip 

immunization, were  used for each study. 

FYeund's q l e t e  (FCA) ard incomplete (F'IA) adjuvants were 

pur&as& from Difco Laboratories, Detroit, USA; normal sheep 

serum from ILS, London, UK; donkey anti-sheep serum (batch number 

0962K) f m  SAFw, carluke, Lanarkshire, UK; polyethylene glycol 

6000 (PEG) from Bw, hole, tbrset, UK; fluorescein isothiocyanate 

iscaner 1 (m), bovine serum alhnnm ' (batch number A4503) and 

pristane f m  Sigma, hole, Dorset, UK; and DEAE Affi- Blue 

from Bio-Fad, Hertfordshire, UK. 

grade quality whenever possible. 

Fleagents were of analytical 

aoauction and Labellins of mine Inmnrnos lobulin G 

Normal sheep serum was precipitated with solid sodium 

sulphate (18% w/v) and the precipitate washed with an equal volume 

of aqueous sodium sulphate (18% w/v) , spun in a bench centrifuge 

and the supernate decanted. 

resolubilized in the original volume of 0.15 M d u n  Noride 

before reprecipitation, as described above. 

The precipitate w a s  then 

Final prrification 
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342 CARTLEDGE, HC LEAN, AND LANDON 

was by ion excharrge c h r a n a m @ y  us- aEAE Affi- Blue to 

m e  cmbnuna - tirrgdUxmun * andpmteases. 

F?Tc and oIgG were rsacted in a molar  ratio of 4:l in scdium 

bitxrbonate buffer (0.1 M, @I 9.0) and incubatd overnight at rwn 

tenperature. RLereactianmixture was aFplied to a mlumn of 

6 2 5  fine grade and eluted w i t h  scdium bkarbonate 

buffer. 'Ihe labelled protein peak, identified by its mlour, was 

well separated frunlnhimal amaplts of unreacted FTIC and was 

collectai, a i w  and stored at -20 OC until  m. 

production of polvclonal Antmes i n  wine ~ s c  itic Fluid and 

serum 
'Ihe imumogen used in the final protocol ccmprised 1 of 

the plrified oIgG in saline (5  g / ~ )  added to 9 mL of 

wate.x4n-oil ennilsion, prepared by vigorous dxiq after addition 

of 3 to  5 d r c p  of B r i j  20. Each mcuse received 200 uL (contain- 

irrg 100 ug of OIG) of this d s i o n  by the i p  ruutf! on days 0, 7, 

14, 21 and 28, together w i t h  500 uL of pr- on day 14. 

Thereafter the mice were weighed twice weekly and ascitic fluid 

was collected as described previously (6) when they had gained 

10 g or more over thei original weight, givirrg a maximrm of twice 

wekly tapping frun days 31 to 63. 

sacrificed by cervical dislocation, exsar&mM and the ser~m 

separated stored a t  -20 OC until as~ayed. -Yr the 

protocol was shortened to 49 days, with a lMxinnrm of 5 taps, and 

grarnilana formation w i t h i n  the peritoneal cavity reco-. 

as a 

On day 63 the mice wre 
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POLYCLONAL ANTIBODIES IN ASCITIC FLUID OF MICE 34 3 

mitorim Animal welfare durina polvclonal Antibodv Production 

!Ihe m i c e  were abserved daily after day 28 and a record kept 

ofurwpckdf indings .  Awonindl distension was relieved by 

wing of ascitic fluid and, i f  they became ill, the study was 

teInliMted. 

&sessmmt of polvc lonal Antibodies to Ov inel3lmnou labulb G 

inw h e  Ascitic Fluid and Serum 

TO 100 5 of doubling dilutions of mouse anti-oIgG ascitic 

fluid or  serum in sodium phosphate Wfer (50 m, pH 7.4, 

containing 0.5% bovine serum dlbumyr ' and 0.1% scdium azide) is 

added 250 s (5 clg prcrtein) of Fmr:oIgG. After 1 hcur at  room 

temperature, 1 I& of 4% PEW; 

7.4) is added and the tubes are vortexed vigornusly and spln a t  

4 OC for 1 hcur a t  2,500 rpn to separate the baurd and free 

fractions. 

replac* the ETTc:oIgG w i t h  the same volume of assay h f f e r .  

Fluorescence intensities of the supernates (free fraction) are 

measured using a perkin-~lnrer model 1000 fluorimeter. The 

percentage tatdl intensity measured a t  each dilution of test 

material is coLTected for batAapmw3, and titres calculated a t  50% 

birding. 

anti-sheep serum; the within-assay precision was 4.5% and 

sodium Fhosphate buffer (50 IN, pH 

me ba- signal for each tube is established by 

The precision of the assay was determind using donkey 

b e w - a ~ s a y  precison 9.8%, both calculated on 50 measurementS. 

Test results are expmssd as arithmetic means. carparism 

between grcups was performed using the Mann wtney u test and p 
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344 CARTLEDGE, MC LEAN,  AND LANDON 

values of less than 0.05 were  taken to be s t a t i s t i ca l ly  

significant . 

anmarison of Freund's m l e t e  and ~ncomr, lete Adiuvants 

one group of 10 mice was subjected to the protocol sumarized 

earlier ard a second group to an identical pmtccnl except that 

FlA was substituted for m. No ascitic fluid w a s  formed i n  the 

group receiving the inccnnplete adjuvant, whereas thce receiving 

FCA prcduced a mean volume of 16.2 mL per mouse. 

-n n' '0 
. .  

A total of 40 m i c e  were divided equally into 4 groups and 

received the stamlard protocol except for the timing of the 

pristane, which was injected ip on either days 0, 7, 14 or 21. 

The data ~IX surrnrarized in Table 1. 

fluid was formed when pristane was given on day 14 and this time 

was chosen for a l l  mbseqwnt studies. 

'Ihe largest volume of ascitic 

Different Routes of AaministratioQ 

A total of 30 mice were divided into groups of 10. 

standard protocol was &served except that one group received 

inmmoqen by a ccanbined ip  plus subcutaneaus (sc) plus intra- 

muscular ( im)  routeandanatherbyanimplusscrcute. 

The 

!the data are sumarized i n  Table 1. There were very signif- 

icant differences (p = <0.005) between individual titres when 
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POLYCLONAL ANTIBODIES IN ASCITIC FLUID OF MICE 345 

TABIE 1 

E f f e c t s  of Variations in Protocol on Ascitic Fluid Production 

Timins of Pristane Injection 

my of Pristane percentage of Mean mtal Mean Titre 

0 
7 
14 
21 

60% 
70% 
70% 
90% 

8.2 
11.5 
17.2 
13.4 

Different Routes of Administration of the 
Adiuvant/Sheer, I& Rnulsion 

Route of Percentage of Mean Total 
InmnmizatioG 3 s . Z E 2 G L  Volume (mL) 

wL-- 
i p + i m + s c  70% 
im+sc 70% 
iP 90% 

9.2 
8.2 
10.1 

DoseResrx, llse to Sheer, IqG 

Dose of sheep Percentage of Mean Total 

109 
67 
85 
63 

Mean Titre 
(Reciprocal1 

105 
8 
68 

Mean Titre 
fEEkrOcaQ 

1 
5 
25 
50 
100 
200 
400 

80% 
100% 
100% 
100% 
80% 
100% 
80% 

10.6 0 
8.6 12 
14.9 17 
9.6 41 
17.7 69 
9.5 69 
10.9 73 
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346 CARTLEDGE, MC LEAN, AND LANDON 

axpring the i p  plus sc plus im rcute w i t h  the im plus sc rcnrte 

and the i p  rcute w i t h  the h plus sc rcute. 

differences were obtained on canparing the ip  plus sc plus im 

mute w i t h  the i p  raute and so the i p  rcute was chosen for 

No significant 

mkeqmnt studies because it was less time-cansurmng ' toperfom 

and less stressful to the mice. 

%SD3nSe to sheer, I h U I U l W  labulh G 

A tatdl of 80 mi- divided h batches of 10 ard 

studied in 2 experiments. In the first, gmups of mice received 

either 1, 5, 25 o r  100 a 01s and in  the secnrd, either 50, 100, 

200 or 400 N. 

'xhe data are sunmrized in  Table 1 and the individual titres 

for ea& m3use are shown in Figure 1. 'Ihere were  significant 

differences between individual titres when the 5 ,g dose was 

ccmpared w i t h  the 50, 100, 200 ard 400 pg doses (p = <0.005) and 

when the 25 wg dose was ca?pared w i t h  the laqer doses (p = 

<o. 005) . ?he greatest volume of ascites was produced using 100 ug 

&this  dosewas chosen for use in the nuusemodel. 

com-01 ma 
A tatal of 100 mice were subjected to the sbrdam3 protocol 

autlined earlier which  involves the use of FCA and loo ,,g of 01s 

and the i p  injection of pristane on day 14. 

ascitic fluid prcducd a mean total volume of 13.0 mL per mwse, 

a m t d n h q  a mean antibody titre of 1:54 (Table 2a). 

lRf3 89 mice w h i c h  had 

mitic 
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POLYCLONAL ANTIBODIES IN ASCITIC FLUID OF MICE 34 7 

1.150 

1:loo 

! 
1:50 

& 
e 
a 
L 
4- 
.- 
C 9 

r" 
0 b m i  

1 

i 

5 25 50 100 
c(g sheep IgG 

200 400 

F T ~ R E  1 Mean antjhdy titres per mouse to sheep I# aver the 
pericd of ascitic fluid pmduction for different doses of sheep 
1s. - denotesthegmupmeantitre 

fluid prcduction was maximdl during the seventh wek (Figure 2 and 

Table a), w i t h  mean volume per mouse (4.2 mL) being highest on 

day 49. Ihe highest antibody titre (1:78) was fcu& on day 42 

(Table a), 14 days after the last immization. lhereafter the 

titre f e l l  to aFprcocFmtely half this value (1:41) on day 63 when 

serum titres were measured. 

collected on day 63 was 1:65, which is 1.6 t imes that  of the 

ascites pool on that day. 

and SIX 

Ihe titre for the serum pool 

RLis is i n  w i t h  total protein 

analysis of the serum and ascites (data not shown). 
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348 CARTLEDGE, MC LEAN,  AND LANDON 

TABLE 2 

amnilative mh for the Wine Model 

89% 13.0 54 

(b) Ascites Data Er Mouse for Different Davs of Tatminq 

31 
35 
38 
42 
45 
49 
52 
56 
59 
63 

2.2 
3.7 
3.1 
3.2 
3.0 
4.2 
2.8 
3.3 
2.5 
2.6 

31 
76 
71 
78 
68 
64 
52 
50 
47 
41 

p1sarss1m 
severdl of our findings are in accord with those of previous 

wx-. 

ascitic fluid was pmduced; the ip rrxrte of administration is to 

'Ihus Freurd's ircmplete adjuvant is unsuitable since no 

be preferred; and the volw of ascitic fluid is increased sub- 

Stantially if pristane given on day 14. S-ille (7) 

produced antibodies to both hurnan and rabbit IgG in the ascitic 

fluid of mice in titres ranging fmm 1:32 to 1:64, with each mouse 

pmiding betkeen 10 and 15 mL of ascites. However, he did not 
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POLYCLONAL ANTIBODIES I N  A S C I T I C  F L U I D  OF MICE 34 9 

300 

250 

5 6 7 8 9  
Week 

FIGURE 2 
100 mice on different weeks for the control group. 
Week 5 = ascitic fluid collected on day 31 + 35; week 6 = ascitic 
fluid collected on day 38 + 42; week 7 = ascitic fluid collected 
on day 45 + 49; week 8 = ascitic fluid collected on day 52 + 56; 
and week 9 = ascitic fluid collected on day 59 + 63 

Total volume (rnL) of ascitic fluid collected per 

study the time course of the response or undertake a detailed dose 

1..esponse experiment. 

We had hope3 that the smdll size of the mice &d ensure 

that they required minimal amounts of hmnogen since this could 

be of considerable importance when studyirq marropnolecules of 

limited availability. 

injections of 100 ,,g of 01s to obtain maximum titres was a 

'Ihe fact that it required repeated 
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350 GARTLEDGE, MC LEAN,  AND LANDON 

surprise since we (unpblished ahsenmtions) and athers (8) have 

obtained high cirailating levels of specific antibodies to 019 in 

donkeys inrrmnized w i t h  similar arrounts. 

quantities of immoglokilin are required, as canpared w i t h  50 ug 

for insulin and only 5 ug for human grcwth horrone (6), pmbably 

reflects differences in the relative hamogenicity in mice of 

these three soluble antigens and q h a s i z e s  the need to undertake 

a detailed dose respanse stwly for each inmnmcgen. 

highly purified wine I* is easy and inspensive t o  prepare. 

'Ihat such l a q e  

Fortunately, 

M o n o c l a  antibodies are CQrmanly produced in ascitic fluid 

using BpLfB/c mice (9) )xlt such treatment leads to cachexia and 

severe abdcminal distension, partly due to the turnour mass which 

develops. 

causes grarnilana fonnatim in the peritoneum but overall there is 

pmbably rn severe stress to the mice since steroid levels are not 

elevated (10). (3ur standard pratocol (Table 3) has been modified 

toterrmM * te on day 49, rather than day 63, with a m a x h  rnrmber 

of 5 taps. 

produwd over 650 mL of ascitic fluid. 

aacitic fluid f e l l  progressively after day 42, she- the 

pzmcedum did not rduce the quality of the polyclonal antibodies. 

!BE use of rn as adjuvant in the present studies 

Even by this t b  the 89 mice which had 

Since titres in the 

Antibodies t o  a t r ia l  natriuretic peptide (m) have been 

p r o a u c e a w ~ P - - w ,  usiJKr5orgmPer 

imaslization and sensitive RIA ard =Is developed using the 

ascites as the @link1 antiboay in the l a t te r  (11). 

mice inrmnized w i t h  ANP Weloped greater volumes of ascites than 

In addition, 
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POLYCLONAL ANTIBODIES IN ASCITIC FLUID OF MICE 351 

0 
7 
14 
21 
28 
31 
35 
38 
42 
45 
49# 

200 
200 
200 
200 
200 

+ 
+ 
+ 
+ 
+ 
+ + 

* 1Part/gParts 
# sacrifice nice before tapping to ensure a maxima of only 

5- 

All injections to be given via the intrapritoneal rcute. After 

day 28 wait for ascites to fm, which  normally occurs by day 35. 

Ascitic fluid fonnaticm is inaicated by al - * 1dbtensionand 

a gain in weight of more than 10 g above the initial wdc$it. 

check the mice daily for w e l l  being, cull- any that fail to 

thrive. 

weight, a lack of mcbility and poor caxlition of the coat. 

Useful inaicators of e i c  mice include no gain in 
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352 CARTLEDGE, MC LEAN,  AND LANDON 

controls inmumized with a similar imrmUmgen w h i c h  did not contain 

ANP (Tattersall ard Cawnay, persondl ccmmmication). 

antibodies to the kxia malavi adult antigens raised in mice were 

useful diagmstically in detecting circulating filarial antigen in 

Bancroftian filariasis (12) using a sandwich msA technique. 

Similarly, 

We are using this approach to study ways to moaify immuno- 

genicity. For example, there is evidence that covalently coupling 

polyethylene glycol to bovine serum albumin markedly decreases the 

inmunogenicity of the latter (13) and we are currently investigat- 

ing whether this approach can prevent the jnnnune recognition of 

oIgG by B and T cells (14). 

inmunogenicity of I* of various species and especially their 

F(ab)2 and Fab fragments. Our prelhhary findings show that, 

although equine antisera rernain the usual treatment for envenom- 

ation, mine IgG is less inmunogenic than equine IgG in mice.  

H c r ~ a r e r ,  this cannot be taken as fh&l evidence that Similar 

We are also determining the relative 

firdings ocxxlr in m. 

Am- 

We gratefully acknawledge the help and advice given by 

Mr K Mansfield and his colleagues in the Biological Services Unit 
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