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Guidelines for Ascites Production 
 
 
The mouse ascites method for monoclonal antibody production will be considered 
scientifically justified in cases where no other method provides the quantity and 
concentration of MAB required for an approved proposal. The principal concern of the 
ascites method is the pain and discomfort associated with the abdominal inflammatory 
reaction which not only involves the peritoneal lining (peritonitis) but fibrinous tags 
adhere to the serosal surfaces of other abdominal organs such as intestine, spleen, and 
liver. 
 
In proposals utilizing mouse ascites for MAB production every reasonable effort should be 
made to minimize discomfort and distress in the mice.  This would include the following:    
      
1. Immunization procedures performed by skilled, competent technical personnel; 
2. Twice daily observation by staff knowledgeable and capable of recognizing signs of 

distress; 
3. Limiting the number of taps to three with the fourth being a terminal tap; and 
4. Prompt euthanasia if signs of distress and morbundity are evident.   
 
As tissue culture methods and facilities for the production of monoclonal antibodies are 
further developed, investigators are encouraged to consider in vitro alternatives to 
mouse ascites unless scientifically justified. 
 
A listing of service laboratories that provide in vitro monoclonal antibodies can be found 
at http://altweb.jhsph.edu/topics/mabs/producers.htm 
 
 
The following general considerations should be evaluated when preparing a monoclonal 
antibody production proposal: 
 
1. Is the production of MAB scientifically justified?  What are the goals of the 

research or project that requires antibodies? 
2. What quantity of antibody is required; and over what period of time? 
3. Have the hybridomas been MAP tested? 
4. Has there been an adequate attempt to expand the hybridoma in vitro? 
5. Has use of a core facility or commercial source been considered? 
6. Are the mouse strain and number of animals appropriate? 
7. Is the priming appropriate in terms of type and amount and the length of time 

prior to inoculation of hybridoma? (see Hybridoma Inoculation below)   
8. How will the animals be adequately monitored for clinical signs that constitute 

criteria for euthanasia? (see Clinical Observation/Monitoring for Ascites below) 
 
 
Procedure for Production of Ascites: 
 
The specific guidelines for consideration by Principal Investigators when developing 
animal study proposals involving the mouse ascites method for review by the NCI-
Frederick Animal Care and Use Committee are: 
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1. Priming:  The volume of the priming agent should be reduced to as small a 
volume as necessary to elicit the growth of ascitic tumors and at the same time 
reduce the potential for distress caused by the irritant properties of the priming 
agents.  Although 0.5 ml of Pristane has been used for adult mice, 0.1-0.2 ml has 
been found to be as effective for many hybridomas.  Scientific justification is 
required for > 0.2 ml and multiple primings.  The recommended dose volume for 
Pristane is 0.1 ml, based on the unpublished results of a scientific investigation 
conducted by Drs. James Kenny and Craig Reynolds in 1992 (Attachment A). 

2. Hybridoma Inoculation:  The time interval between priming and inoculation of 
hybridma cells as well as the number of cells in the inoculum are determined 
empirically.  Inocula range from 105-107 cells in volumes of 0.1-0.5 ml and are 
usually administered 10-14 days after priming.  Generally, very high 
concentrations are associated with greater mortality and concentrations < 1 x 105 

elicit fewer ascitic tumors and these tend to have a smaller volume yield.  Cell 
suspensions should be prepared under sterile conditions in physiological solutions. 

3. MAP Testing:  Hybridomas should be MAP (mouse antibody production) tested 
before introduction into the animal host to prevent potential transmission of 
infectious agents from contaminated cell lines into facility mouse colonies and 
possibly to humans handling the animals.  A copy of the MAP test results must 
accompany the NCI-Frederick Animal Study Proposal form. 

4. Clinical Observation/Monitoring for Ascites:  Clinical observation of the individual 
animals should be performed by personnel familiar with clinical signs associated 
with ascites production.  The animals should be monitored twice daily, including 
weekends and holidays, after inoculation.   Daily observation allows the degree 
of abdominal distension to be frequently assessed so that abdominal 
paracentesis (tapping) can be performed as needed for each animal.  Animals 
will be monitored twice daily for hunched posture, roughened hair coat, 
anorexia, dehydration, weight loss, loss of body condition, inactivity, difficulty in 
ambulating, tachypnea and dyspnea.  Animals that exhibit severe clinical 
abnormalities, solid tumor growth, or become moribund before maximum ascites 
expansion (approximate doubling of the width of the abdomen) will be promptly 
euthanized.  Death is not an acceptable endpoint.  Endpoints should be clearly 
stated in the NCI-Frederick Animal Study Proposal form. 

5.   Abdominal Paracentesis/Harvesting of Ascites Fluid:  Antibody production 
characteristics vary significantly among hybridoma cell lines. Correspondingly, 
clinicopathological changes vary as well. To maximize antibody yield and keep 
discomfort to a minimum, four imperatives should be kept in mind: 

 
a. Frequent assessment of abdominal distention for timely taps reduces 

adverse clinical symptoms and mortality;  
b. Mice should be monitored twice daily.  Very close post-tap monitoring is 

critical to avoiding low volume shock. May be treated with 2-3 mls of 
warm saline subcutaneously; 

c. Mice should be tapped prior to 20% increase from day 0 (i.e., a 20g 
mouse should not exceed 24g); and 

d. Maximum of three taps (maximum antibody yield/minimum number of 
mice). 

 
 

The Executive Summary of the ILAR Report (National Research Council, Monoclonal 
Antibody Production, National Academy Press, 1999) is included (Attachment B). A full 
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text copy of the report can be found at 
http://grants.nih.gov/grants/policy/antibodies.pdf 
 
 
Another useful alternatives reference for monoclonal antibody production can be found 
at http://altweb.jhsph.edu/topics/mabs/mabs.htm 
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Attachment A 
 

Effect of Different Pristane Priming Protocols 
On the Production of HPCG-14 MoAB in CD2F1 Mice 

 
 

Cumulative 
# of Mice Yield (ml) MoAB (mg) 

ml mg Pristane 
Dose Tap 

Start Tested 
Per 

Mouse 
Total Concentration Total Per Mouse Total Total 

Per Mouse 

0.2 ml (1X) 
1st 
2nd 

14 
-- 

14 
6 

2.4 
2.3 

34 
14 

0.3 
<0.1 

10.1 
<0.1 

2.4 
3.4 

34 
48 

10.1 
10.2 

0.7 
0.7 

0.5 ml (1X) 
1st 
2nd 
3rd 

14 
-- 
-- 

8 
8 
2 

3.0 
2.3 
2.1 

24 
18 
4 

1.6 
2.3 
0.6 

38.4 
42.0 
2.5 

3.0 
5.25 
5.76 

24 
42 
46 

38.4 
80.4 
82.9 

4.8 
5.7 
5.9 

0.2 ml (2X) 
1st 
2nd 
3rd 

18 
-- 
-- 

14 
12 
3 

4.3 
2.8 
2.3 

60 
34 
7 

0.6 
1.5 
3.2 

37.7 
50.6 
22.2 

4.3 
6.7 
7.2 

60 
94 

101 

37.7 
88.3 
110.5 

2.7 
4.9 
6.1 

0.5 ml (2X) 
1st 
2nd 
3rd 

20 
-- 
-- 

19 
19 
10 

4.3 
3.1 
2.0 

81 
59 
20 

0.6 
0.9 
1.4 

47.4 
54.0 
27.4 

4.3 
7.3 
8.0 

81 
140 
160 

47.4 
101.4 
128.8 

2.5 
5.1 
6.4 

 
 

James Kenney, Ph.D. 
Craig Reynolds, Ph.D. 
1992 
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Attachment B 

 

Monoclonal Antibody Production 

A Report of the Committee on Methods of Producing Monoclonal Antibodies 

Institute for Laboratory Animal Research 

National Research Council 

1999 

EXECUTIVE SUMMARY 

 

Monoclonal antibodies (mAb) are important reagents used in biomedical research, in 
diagnosis of diseases, and in treatment of such diseases as infections and cancer. These 
antibodies are produced by cell lines or clones obtained from animals that have been 
immunized with the substance that is the subject of study. To produce the desired mAb, 
the cells must be grown in either of two ways: by injection into the abdominal cavity of a 
suitably prepared mouse or by tissue culturing cells in plastic flasks. Further processing of 
the mouse ascitic fluid and of the tissue culture supernatant might be required to obtain 
mAb with the required purity and concentration. The mouse method is generally familiar, 
well understood, and widely available in many laboratories; but the mice require careful 
watching to minimize the pain or distress that some cell lines induce by excessive 
accumulation of fluid (ascites) in the abdomen or by invasion of the viscera. The tissue-
culture method would be widely adopted if it were as familiar and well understood as 
the mouse method and if it produced the required amount of antibody with every cell 
line; but culture methods have been expensive and time-consuming and often failed to 
produce the required amount of antibody without considerable skilled manipulation. 
However, culture methods are now becoming less expensive, more familiar, and more 
widely available.  

The American Anti-Vivisection Society (AAVS) petitioned the National Institutes of Health 
(NIH) in early 1997 to prohibit the use of an animal in the production of mAb. NIH 
responded late in 1997, asserting that continued use of the mouse method for producing 
mAb was scientifically required. In a second petition, in early 1998, AAVS did not accept 
the NIH response. NIH asked the National Research Council to form a committee to study 
this issue. The Commit tee on Methods of Producing Monoclonal Antibodies was 
composed of 11 experts with extensive experience in biomedical research, laboratory 
animal medicine, pain research, animal welfare, and patient advocacy. The committee 
was asked to determine whether there is a scientific necessity for producing mAb by the 
mouse method and, if so, to recommend ways to minimize any pain or distress that might 
be associated with the method. The committee was also to determine whether there are 
regulatory requirements for the mouse method and to summarize the current stage of 
development of tissue-culture methods.  
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On the basis of relevant literature, material submitted to the committee, the experience 
of members of the committee, and presentations at a 1-day workshop attended by 14 
speakers and 20 additional observers, as well as two separate working committee 
meetings, the committee came to specific conclusions and made recommendations.  

We believe that choosing the method of producing monoclonal antibodies should be 
consistent with other recommendations in the Guide for the Care and Use of Laboratory 
Animals. One such recommendation pertains to multiple survival surgery; the Guide 
states (page 12) that this practice "should be discouraged but permitted if scientifically 
justified by the user and approved by the Institutional Animal Care and Use Committee 
(IACUC)" [emphasis added]. Similarly, we recommend that mAb production by the 
mouse ascites method be permitted if scientifically justified and approved by the 
relevant IACUC. We further believe that tissue-culture methods should be used routinely 
for mAb production, especially for most large-scale production of mAb. When 
hybridomas fail to grow or fail to achieve a product consistent with scientific goals, the 
investigator is obliged to show that a good-faith effort was made to adapt the 
hybridoma to in vitro growth conditions before using the mouse ascites method.  

Recommendation 1: There is a need for the scientific community to avoid or minimize 
pain and suffering by animals. Therefore, over the next several years, as tissue-culture 
systems are further developed, tissue-culture method for the production of monoclonal 
antibodies should be adopted as the routine method unless there is a clear reason why 
they cannot be used or why their use would represent an unreasonable barrier to 
obtaining the product at a cost consistent with the realities of funding of biomedical 
research programs in government, academe, and industry. This could be accomplished 
by establishing tissue-culture production facilities in institutions.  

There are several reasons why the mouse method of producing mAb cannot be 
abandoned: some cell lines do not adapt well to tissue-culture conditions; in applications 
where several different mouse mAb at high concentrations are required for injection into 
mice, the in vitro method can be inefficient; rat cell lines usually do not efficiently 
generate mAb in rats and adapt poorly to tissue-culture conditions but do produce mAb 
in immunocompromised mice; downstream puri fication or concentration from in vitro 
systems can lead to protein denaturation and decreased antibody activity; tissue-culture 
methods can yield mAb that do not reflect the normal modification of proteins with 
sugars, and this abnormality might influence binding capacity and other critical biologic 
functions of mAb; contamination of valuable cell lines with fungi or bacteria requires 
prompt passage through a mouse to save the cell line; and inability of some cell lines 
that do adapt to tissue-culture conditions to maintain adequate production of mAb 
poses a serious problem. For these reasons, the committee concludes that there is a 
scientific necessity to permit the continuation of the mouse ascites method of producing 
mAb. However, note that over time, as in vitro methods improve, the need for the mouse 
ascites method will decrease.  

Recommendation 2: The mouse ascites method of producing monoclonal antibodies 
should not be banned, because there is and will continue to be scientific necessity for 
this method.  

There does not appear to be convincing evidence that significant pain or distress is 
associated with the injection into the mouse of pristane (a chemical that promotes the 
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growth of the tumor cells), but during the accumulation of ascites there is likely to be 
pain or distress, particularly when some cell lines that are tissue-invasive are used and in 
situations of significant ascites development. Therefore, after injection of hybridoma cells, 
mice should be evaluated at least daily, including weekends and holidays, after 
development of visible ascites and should be tapped before fluid accumulation 
becomes distressful. A limit should be placed on the number of taps and multiple taps 
should be allowed only if the animal does not exhibit signs of distress.  

Recommendation 3: When the mouse ascites method for producing mAb is used, every 
reasonable effort should be made to minimize pain or distress, including frequent 
observation, limiting the numbers of taps, and prompt euthanasia if signs of distress 
appear.  

Two of 13 mAb approved by the Food and Drug Administration for therapeutic use 
cannot be produced by in vitro means, or converting to an in vitro system for their 
production would require (because of federal regulations) proof of bioequivalence, 
which would be unacceptably expensive. Furthermore, many commercially available 
mAb are routinely produced by mouse methods, particularly when the amount to be 
produced is less than 10 g, another situation where it would be prohibitively expensive to 
convert to tissue-culture conditions. However, with further refinement of technologies, 
media, and practices, production of mAb in tissue culture for research and therapeutic 
needs will probably become comparable with the costs of the mouse ascites method 
and could replace the ascites method.  

Recommendation 4: mAb now being commercially produced by the mouse ascites 
method should continue to be so produced, but industry should continue to move toward 
the use of tissue-culture methods.  

In a few circumstances, the use of the mouse ascites method for the production of mAb 
might be required. We suggest the following as examples of criteria to be used by an 
IACUC in establishing guidelines for the production of mAb in mice by the ascites 
method.  

1. When a supernatant of a dense hybridoma culture grown for 7—10 days 
(stationary batch method) yields an mAb concentration of less than 5 µg/ml. If 
hollow -fiber reactors or semipermeable-membrane systems are used, 500 µg/ml 
and 300 µg/ml, respectively, are considered low mAb concentrations.  

2. When more than 5 mg of mAb produced by each of five or more different 
hybridoma cell lines is needed simultaneously. It is technically difficult to produce 
this amount of mAb since it requires more monitoring and processing capability 
than the average laboratory can achieve.  

3. When analysis of mAb produced in tissue culture reveals that a desired 
antibody function is diminished or lost.  

4. When a hybridoma cell line grows and is productive only in mice.  

5. When more than 50 mg of functional mAb is needed, and previous poor 
performance of the cell line indicates that hollow-fiber reactors, small-volume 
membrane-based fermentors, or other techniques cannot meet this need during 
optimal growth and production.  
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We emphasize that those criteria are not all-inclusive and that it is the responsibility of the 
IACUCs to determine whether animal use is required for scientific or regulatory reasons. 
Criteria have not been developed to define a cell line that is low-producing or when 
tissue-culture methods are no longer a useful means of producing mAb.  
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Dr. Peterson’s present address is Division of Comparative Medicine, School
of Medicine, Johns Hopkins University, Baltimore, MD

As a result of recent measures to ban use of the ascites method
for production of monoclonal antibodies (MAb) in several Euro-
pean countries (1) and a petition for similar action to be taken in
the United States (2), several workshops and forums have been
conducted to evaluate the current technology of in vitro methods of
MAb production and to assess whether use of mice in this applica-
tion is still justified (3–6). Findings at each of these meetings
concluded that the in vitro methods can adequately provide the
antibodies that are necessary for most experimental situations
and that the in vitro techniques should be adapted as the method
of choice for routine production of MAbs. However, the National
Research Council Report on MAb Production and others indicate
that, in a small number of cases (< 10%), the in vitro methods may
be insufficient and use of the ascites method may be justified (4, 5).

If situations exist in which animals are required for the produc-
tion of MAbs, efforts must be directed at implementing procedures
targeted at reducing pain and distress whenever possible (7, 8). It
can be assumed that the in vivo method of MAb production is po-
tentially distressful, because, if allowed to progress without inter-
vention, death will ensue. Clinical and pathologic observations of
mice being used for MAb production by Jackson et al. (9, 10) pro-
vide evidence that this procedure is distressful to mice. Addition-
ally, information gathered from human cases indicate that ascites
accumulation negatively affects cardiovascular function and im-
pedes normal respiratory tract function (11–13). However, there is
little information available to define when and under what condi-
tions mice being used for ascites production become distressed (5).

The study presented here was conducted to analyze the ef-
fects of commonly used practices in ascites production on the
well-being of mice. The information provided will be useful for re-
searchers, veterinarians, and institutional animal care committees
in developing practical guidelines aimed at minimizing pain
and distress in protocols where the use of the ascites method
has been justified.

Materials and Methods
Animals: Seventeen to 21, six-week-old male BALB/c mice

per experiment were obtained from Charles Rivers Laborato-
ries (Wilmington, MA). Mice were certified to be free of all com-
monly tested rodent pathogens by the vender, and health status
was monitored by serologic testing of sentinel animals on a quar-
terly basis in this facility. On arrival, mice were group housed in
polycarbonate shoebox cages with filter tops and containing
laboratory grade pine shaving bedding. Each cage contained a
small rodent running wheel. Four days later, mice were indi-
vidually and randomly distributed to similar cages with mouse
wheels connected to a monitor. Mice had ad libitum access to
rodent chow (Purina, St. Louis, MO) and water.

Food, water, and bedding of individually housed mice were
changed weekly. Mice were housed in a room at temperature of
20�C and 55% humidity. A 12/12-hour light/dark cycle was main-
tained. No other animals were housed in the same room with
these experimental groups.

Cells: Three hybridoma cell lines, which were produced in this
laboratory and reactive against Signal Regulatory Protein (SiRP),
were used to produce ascites. Syngeneic hybridomas were
produced from the fusion of a single laboratory stock my-
eloma cell-line (SP2/0) and splenocytes harvested from anti-

Background and Purpose: The effects of pristane inoculation, ascites accumulation, peritoneocentesis, and analge-
sics on the well-being of mice used in monoclonal antibody (MAb) production protocols were investigated.

Methods: Four experiments, each containing 17 to 21, 6- to 8-week-old male Balb/c mice, were conducted. Each
experiment involved a period in which baseline data were collected, followed by intraperitoneal injections of pris-
tane or phosphate-buffered saline (PBS) inoculations into each mouse. One week later mice received intraperito-
neal inoculations of either hybridoma cells or PBS. Parameters used to assess well-being throughout each of these
periods included: wheel-running activity, food and water consumption, open-field box activity, clinical observation,
and plasma corticosterone concentration.

Results: Compared to controls, pristane inoculation had slight to no affect on mice. There was no evidence of
distress in cell-inoculated mice prior to their gaining 25% of their baseline body weight. The number of times (up to
three) that peritoneocentesis was performed did not have a significant impact on mice’s well-being, but ascites
yields were greater when multiple harvests were performed. Cell-inoculated mice that gained weight slowly or
developed high-particulate ascites were at higher risk of being distressed.

Conclusion: Ascites yields can be maximized by performing multiple harvests; however, the well-being of mice
used in such protocols should be closely monitored, as suggested here.
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gen immunized BALB/c mice. Two of the hybridomas used pro-
duce IgG1s (MAb 77.2 and MAb 122.1) and one cell line pro-
duce IgM (MAb 49.7).

Cells were grown in 10% fetal bovine serum (FBS; Hyclone,
Logan, UT) in Dulbecco’s modified Eagle’s medium with glucose
(4.5 g/L; Biowhittaker, Walkersville, MD) supplemented with
200 mM, L-glutamine (Gibco BRL, Gaithersburg, MD) and 1%
penicillin-streptomycin (Gibco BRL). Prior to inoculation, cells
were washed two times in PBS, and viability and concentration
were determined by use of trypan blue dye exclusion and
hemocytometer count. Cells were then resuspended to the appro-
priate concentration in PBS.

Experimental design and procedures: Four experiments
involving four groups of mice at various times were performed as
outlined (Table 1). Each of the experiments involved a pristane
phase (7 days) and an ascites phase (8 to 12 days). At the start of
the pristane phase, mice received either 0.2 ml of pristane
(2,6,10,14-tetramethylpentadecane; Sigma Chemical Co., St. Louis,
MO) or 0.2 ml of filter-sterilized PBS by intraperitoneal (i.p.) inocu-
lation, using a 22-gauge, 1-in. needle. The ascites phase began 7
days after pristane injection, with one group of pristane-primed
mice receiving i.p. inoculations of either 1 to 4 million hybri-
doma cells resuspended in 0.5 ml of sterile PBS (designated
“cell” group) or 0.5 ml of PBS alone (designated “pristane”
group). Mice that received PBS during the pristane phase also
received 0.5 ml of PBS at the start of the ascites phase (des-
ignated “PBS” group).

Non-terminal ascites harvesting was performed on healthy-ap-
pearing mice according to their experimental groupings, using a
20-gauge, 1.5-in. needle. Mice were designated to either cell group
1, 2, or 3 dependent on the number of times ascites was harvested.
The first peritoneocentesis was targeted for when the mouse’s body
weight increased 20 to 30% (cell group 3), 30 to 40% (cell group 2),
or 40 to 55% (cell group 1), and was performed at least 9 days after
cell inoculation. Multiple harvests were performed two days apart,
except that the second and third harvests were done on consecu-
tive days. If mice were manifesting signs of pain or it was time for
their final harvest, they were euthanized by exsanguination under
anesthesia (Ketamine: 42 mg/kg of body weight; Fort Dodge; Fort
Dodge, Iowa, and Xylazine: 24 mg/kg; Phoenix Pharmaceuticals,
St. Joseph, MO, given subcutaneously) and ascites was collected.

Harvested ascites was placed in a 37�C water bath for 30 min-
utes, and then was placed on ice for 1 to 4 hours. The liquid por-
tion of the ascites was separated from any particulate matter or
clot by centrifugation (1,000 X g, 10 minutes). The amount of
sediment formed was calculated by subtracting the initial har-
vested ascites volume from the postcentrifugation supernatant.
The ascites supernatant was frozen at –20�C for further analy-
sis. Antibody titering was performed by use of an enzyme linked
immunosorbant assay and goat anti-mouse immunoglobulin
(Sigma Chemical Co.). The gastrointestinal tract, from the stom-
ach to the distal portion of the colon also was collected at eutha-
nasia to determine the increase of gastrointestinal weights as
estimates of tumor growth.

Food and water consumption was determined on a weekly
basis, beginning with the initiation of each phase, with a final
measurement taken when the animals were euthanized. Baseline
mouse body weight for calculating percentage gain was obtained
immediately prior to cell inoculation. Mouse weight and ab-
dominal distention were measured at least weekly and more

frequently during the ascites phase (Figure 1). Abdominal dis-
tention was determined by caliper measurement at the widest
point along the horizontal plane of the mice’s abdomen as indi-
cated. On days when ascites harvests were performed, mouse
weight and abdominal distention were recorded prior to peritoneo-
centesis. Mice were monitored daily for signs of clinical abnormal-
ity by the study director and, in experiments 3 and 4, a health
score ranging from 0 to 3 was assigned to each mouse. Health
scores were assigned as follows: 0 = normal, healthy appear-
ance, 1 = slight roughness in coat around the head and neck
area only, 2 = unkempt area extended to mid-thorax and/or eyes
having decreased luster, 3 = generalized rough- and/or greasy-
appearing coat, hunched posture, decreased activity and/or de-
hydration. Animals that appeared distressed or in pain on the
basis of poor health score (3) and/or low wheel-running activity
(< 20 revolutions per day) were euthanized. The University of
Pennsylvania Institutional Animal Care and Use Committee
approved all experimental procedures.

During the later part of the cell phase in experiment 4, two
groups of mice (cell-inoculated and PBS-inoculated) received
subcutaneous injections of 0.1 mg of buprenorphine/kg (Reckitt
& Colman Pharmaceuticals Inc., Richmond, VA) twice each day,
beginning 9 days after cell inoculation. Two analogous groups of
mice received equal volumes of subcutaneous injections of PBS
at the same times.

Mouse wheels: Mouse wheel-running activity was moni-
tored daily as described (14). Briefly, galvanized wire was used
to mount one metal mouse wheel (Petco retail stores, Haverford,
PA) to the wire top of each mouse cage. Magnetic reed switches
(Radio Shack) were also wired to the wheel and an activating
point on the top of the mouse cage. Reed switch activity was
conveyed to a Mac SE 120 computer via telephone wire cable,
which was soldered to the keyboard letter terminals. Hence, each
rotation of the wheel resulted in the typing of a designated letter.
The Mouse-O-Meter software to tabulate the data was downloaded
from a University of Minnesota website (no longer posted, but
available from author on request). A maximum of 20 mouse cages
could be monitored simultaneously by use of this method.

Mice were acclimated to the wheel for one week (4 days in group
housing and 3 days individually housed) prior to recording. Be-
tween the end of this acclimation period and the start of the pris-
tane phase, wheel-running activity was monitored in all mice for
one week. This information was used as a baseline covariate in sta-
tistical analyses.

Behavioral analysis: Mice were placed in a 14 x 8 x 9.5-cm.
black plastic box with a 3.5 x 3.0-cm square exit hole. The mice
were allowed a maximum of two minutes to exit the box to an
open-field box. If a mouse exited the box in fewer than two min-
utes, the time was recorded and the open-field box time was
started. Mice that remained in the black box for the duration of
the two minutes were removed to the open-field box and a time
of two minutes was recorded. Incidences of head pokes, as de-
fined by extension of the mouse’s head beyond the base of the
pinna and contraction or retreat back into the black box, also
were recorded. Once the mouse was in the open-field box (30 x
19.5 x 8.5 cm; Tupperware container bottom with fifteen 5.2 x
5.2- cm demarcated squares), the black box was withdrawn and
the number of squares the mouse traversed in three minutes was
tabulated. The number of times the mouse stood on its hind limbs
along the edges of the open-field box also were monitored (rear-

Behavioral and Clinical Analysis of Ascites-bearing Mice
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ing) during that period. All equipment was sprayed with 70% etha-
nol, wiped, and allowed to dry before each test. Individuals who
conducted the behavioral observations were required to review a
detailed description of criteria used to score the analyses, and each
individual performed at least two practice runs in the presence of
the study director to ensure continuity of data collection.

Corticosterone measurement: Base-line plasma corticoster-
one concentration was obtained from mice a minimum of seven
days after they were individually housed. Mice were anesthetized
by i.p. injection of a ketamine (35 mg/kg)-xylazine (20 mg/kg) mix-
ture, and approximately 100 �l of blood was taken from the retro-
orbital sinus, using a heparinized mini- capillary tube. Final blood
samples were taken by cardiac puncture of mice, which were anes-
thetized with the ketamine-xylazine (42–24 mg/kg) mixture given
subcutaneously in the dorsal thoracic region. Plasma was sepa-
rated from blood by centrifugation (1,000 X g) and stored at –20�C
for further analysis. Corticosterone concentrations in plasma and
ascites were determined by use of a radioimmunoassay (ICN,
Costa Mesa, CA) as described by the manufacturer.

Statistics: Daily wheel-running activity and behavioral data
were analyzed, using an analysis of covariance (ANCOVA) where
the covariate was baseline activity. Baseline activity data were col-
lected from each mouse the week prior to experimental mani-
pulation. An analysis of variance (ANOVA) was used for health
scores, food and water consumption, and ascites comparisons.
These analyses were followed by calculation of the least square
means to determine individual group differences. A regression
analysis was performed to evaluate possible correlations be-
tween plasma corticosterone concentration and abdominal
width, weight gain, intestinal weight, abdominal distention, as-
cites volume, ascites residue, and ascites corticosterone concen-
tration. Statistical significance was set at P = 0.05. Data are
presented as mean � SEM.

Results
Wheel-running activity: Mouse wheel-running activity

data were effectively and inexpensively collected, using a home-
made computer-monitored system. Of the 2,017 data entries
that were collected, only 28 (1.4%) were lost, principally due to
reed switches that occasionally became misaligned. After mice
were acclimated to the wheel and individual housing, baseline
or normal daily running activity was determined for a period of

one week prior to experimental manipulation. The average wheel-
running activity of normal unaffected individually housed mice of
all four experiments ranged from 128 to 26,202 revolutions per
day, with a mean of 7,683 revolutions per day. To accurately
compare the treatment effects on each group in the face of this
variability, statistical analyses were performed using normal
baseline running activity data from each group as a covariate in
statistical calculations.

Analysis of wheel-running behavior of all pristane-inoculated
mice revealed an initial decrease in activity followed by a gradual
increase for most of the remaining week (Figure 1A). Although
this profile may be reflective of a response to a mild inflamma-
tory stimulus, significant differences between the running ac-
tivities of PBS- and pristane-inoculated mice during the pristane
phase were not evident.

Running activity in cell-inoculated mice began to decrease be-
tween four and six days after inoculation (Figure 1 B-E), with
groups inoculated at higher doses initiating the decrease sooner
(Figures 1B and 1C). However, once initiated, the rate of decrease
in activity of cell-inoculated mice appeared to be similar for all cell
lines analyzed. The running activity of the controls did not change
significantly during that period. The point at which differences in
wheel- running activity reached significance also varied among the
different experiments (cell lines). Despite the variability among
experiments, this point appeared to be at the time when the mice
were approximately 25% over their baseline body weight and had
abdominal distention of about 30% above baseline (Figure 1 C-E).
The estimated average mouse weight and abdominal distention at
this point in experiment 1 appear to be higher (Figure 1B). How-
ever, considering that if it were not for a less active pristane-inocu-
lated group, significant difference in activity would have been
reached one day earlier, and at that point (seven days after inocu-
lation), measurements would more likely approximate those of the
other experiments. During that period, control mice also gained
approximately 5% of their body weight.

Analysis of wheel-running activity beyond the first 9 days of the
cell phase was not informative because of the smaller group sizes
introduced by increasing the number of treatments, large variation
of activity within groups, and the short time interval (0 to 4 days)
in which significant change could be detected.

The effects of harvesting ascites on wheel-running activity
also were investigated in ascitic mice of experiments 2 and 3. To

Table 1. Experimental design: experiments were performed, using four groups of mice and various hybridoma cell inoculations as indicated. The
pristane phase was initiated immediately after mice were inoculated with 0.2 ml of pristane or phosphate-buffered saline (PBS), and the procedure was

similar for all four groups. At the beginning of the cell phase, pristane-primed mice were inoculated with hybridoma cells (i.p.) to induce ascites or PBS (i.p.)
(second control). Mice that were inoculated with cells were further allotted to subgroups according to the number of harvests or analgesics administered.

Parameters Quantitated**
Cell Dose Pristane Phase Cell Phase Treatment Health *** Abdominal***

Exp. # Objective Cell-line (x106) Treatment n Inoculum Harvests n Analgesics*** Scores Distention

1 Abdominal 77.2a* 4 PBS 4 PBS 1 4 N N Y
Distention Pristane 17 PBS 1 4

Cells 1 13
2 Multiple 49.1 2 PBS 4 PBS 1 4 N N Y

Harvests Pristane 15 PBS 1 3
Cells 1/2/3 4/4/4

3 Multiple 122.1 1.2 PBS 0 PBS 0 0 N Y Y
Harvests Pristane 17 PBS 1 4

Cells 1/2/3 5/4/4
4 Analgesia 77.2b* 1 PBS 8 PBS 2 4 N Y N

PBS 2 4 Y
Pristane 10 Cells 2 5 N

Cells 2 5 Y

*Monoclonal antibodies 77.2a and 77.2b are two subclones that produce the same antibody; ** parameters that were not observed in all experiments, all other
parameters described in the text were consistently monitored, ***N = observation or treatment not performed, Y = observation or treatment performed.
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include several mice in this analysis (n = 25), the change in run-
ning activity of harvested mice from the “day before” to “day of”
peritoneocentisis was compared with that of the nonharvested
cohorts during the same period.

Mice that underwent peritoneocentesis had a larger decrease in
activity (mean: 5,145; SEM:1,190) than did nonharvested mice
(mean: 2,346, SEM:1,005) when the changes in harvest day to pre-
vious day activities were compared; however, the difference was
not significant (P = 0.087). Similar results were observed when the
statistical analysis was repeated comparing harvest day with
baseline/normal activity changes among harvested and unhar-
vested groups (P = 0.17). Additionally, the volume of ascites re-
moved did not influence the magnitude of this decrease.

Food and water consumption: Another indicator of dis-
tress in man and animals is decrease in food and/or water con-
sumption. These parameters were monitored weekly during the
pristane (1 week) and cell (1 complete week and 1 partial re-
maining week) phases of four experiments (Figure 2). There was
no difference in food (P = 0.91) or water (P = 0.15) consumption
in mice primed with PBS or pristane during the pristane phase.
However, during the first week of ascites progression, food con-
sumption was significantly different among the three groups ana-
lyzed (PBS, pristane, and cell: P = 0.004). Analysis by use of least
squares means revealed that this difference was largely attributed
to decreased appetite in the cell group, compared with the PBS
group (P = 0.002), but was not significant when compared with the
pristane group (P = 0.08). There was no difference in water con-
sumption among the three groups during the cell phase (P = 0.56).

The effects of peritoneocentesis on food and water consump-
tion were analyzed in the final three and four days of experi-
ments 2 and 3, respectively. At that point ascites harvesting had
been initiated and the cell group was now subdivided according
to the number of harvests performed in each group. In contrast
to the earlier findings of the first week of the cell phase, the
amount of food consumed per day during that period did not dif-
fer among all groups tested including controls (P = 0.50). One
possible explanation for this observation could have been that
the harvesting of ascites relieved some of the intra-abdominal
gastric pressure, thus increasing appetite and easing the stomach’s
ability to expand; however, food consumption of nonharvested as-
citic mice was not different from that of the controls or multi-
harvested groups (P > 0.31). Water consumption during the
final days of the cell phase also was not significantly different
among the five groups tested when analyzed by ANCOVA (P =
0.08). However, because the level of significance was slight and
water consumption in cell groups 1, 2, and 3 appeared some-
what higher, a least square means calculation was performed.
This analysis indicated that water consumption was signifi-
cantly higher in mice that underwent three harvests (cell group
3), compared with controls or cell group 2 group (P = 0.03), but
not cell group 1 (P = 0.11).

In summary, pristane priming had no effect on food or water
consumption, whereas food consumption in mice decreased with-
in one week of hybridoma induction. During the second week of as-
cites progression, a significant difference in food and water con-
sumption among all groups was not observed; however, water
consumption in mice that underwent harvest three times was
increased in the late cell phase.

Health status: Of the 77 mice used for this study, only one
mouse was found dead and six mice were described as mori-

Figure 1. Wheel-running activity was continuously monitored, using
a Mac SE 120 computer as described in Materials and Methods. Daily
mean wheel-running activity of each group was adjusted for pre-ex-
perimental baseline activity values. (A) Pristane phase adjusted daily
wheel- running activity. Each mouse received an intraperitoneal (i.p.)
inoculation of 0.2 ml of pristane or phosphate-buffered saline (PBS)
at the beginning of day 1. (B–E) Hybridoma cells (as indicated in
Table 1) or PBS was inoculated at the start of day 1. The mean per-
centage of increase in weight (Wt) and abdominal distention (AD)
from day 1 are designated. Standard error of the mean bars are pre-
sented for cell-inoculated mice only for clarity. Legend at bottom of
panel E: *indicates first point at which wheel-running activity be-
comes significantly different from that of controls (analysis of
covariate, with baseline as the covariate).
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bund (reluctant to move and clinically assessed as likely to die
within 12 hours) during the cell phase of all experiments. Clini-
cal assessment of mice during the pristane and cell phases of ex-
periments 3 and 4 was recorded as a health score index ranging
from 0 to 3, with 0 representing no abnormal signs and 3 indi-
cating unkemptness, dehydration, and/or sluggishness (see Ma-
terials and Methods for more details).

During the initial three days of the pristane phase, 15 of the 25
pristane-inoculated mice received a health score of 0 (normal)
whereas the remaining 10 mice received a score of 1 to 3. All con-
trol mice in the PBS group (n = 12) received a 0 score, except for
one mouse, which received a score of 1. All health scores returned
to 0 within four days of pristane inoculation; however, scores pro-
gressively increased in cell-inoculated mice beginning around
eight days after inoculation.

To determine whether poor health assessments were re-
flected by decrease in activity levels, wheel-running activities of
mice grouped according to their health status were compared (Fig-
ure 3A). When analyzed at two days after pristane injection or
eight days after cell inoculation, mice that appeared clinically
worse (higher health score) tended to be less active (Figure 3A);
however, the differences did not reach significance (P = 0.13 and
P = 0.18, respectively). An increase of weight in cell-inoculated
mice as a result of ascites accumulation may also have contributed
to this decreased activity, as there was a negative correlation be-
tween the amount of weight the mice had gained and wheel-
running activity r = -0.66; data not shown). Health status also
was related to weight gain, as healthy appearing mice gained
significantly less weight than did mice that were given a health
score of 1 (P = 0.05). Interestingly, the weight gain of mice given
health score � 1 did not significantly vary (Figure 3B).

Corticosterone analysis: To determine whether in vivo MAb
production procedures resulted in changes in plasma corticoster-
one concentration, blood samples were collected from acclimated
mice prior to pristane inoculation (baseline) and at euthanasia.
Baseline plasma corticosterone concentrations that were mea-
sured before any experimental manipulation were highly variable
among all mice (mean: 294 ng/ml; SD: 170 ng/ml) and when com-
pared with concentrations in samples taken from all mice at eu-
thanasia (mean: 170 ng/ml; SD: 170 ng/ml), baseline values
appeared increased. This difference might have been attributed
to the means by which blood samples were obtained in each case.
Baseline samples were taken by retro-orbital puncture of anesthe-
tized mice, whereas final samples were taken by cardiac puncture
of more deeply anesthetized animals. Evidence suggesting that ter-
minal plasma corticosterone values were reflective of distress
was obtained from two cell-inoculated mice (of two) that were
found to be moribund, but not ascitic, and having corticosterone
values of 400 and 500 ng/ml. Because baseline corticosterone
data appeared not to be representative of the status of normal,
undisturbed mice, it was not used in these analyses.

There were no significant differences in terminal plasma cor-
ticosterone values among groups—PBS, pristane, and cell—for
any of the four experiments conducted (P > 0.12) (Figure 4).
However, in experiments 2 and 3, the single harvest group (cell
group 1) consistently had the highest plasma concentration of
corticosterone. This is in accordance with my observation that,
in several cases, the health status of mice in the single harvest
groups deteriorated slightly faster than that of mice in the two
and three harvest groups, requiring them to be euthanized a day

earlier. Unrelieved pressure from ascites accumulation could ex-
plain these observations; however, there was no correlation be-
tween mice’s abdominal width (r = 0.29, P = 0.26) or the volume
of ascites removed from single harvested mice (r = 0.016, P =
0.95). Surprisingly, there was a significant negative correlation
between plasma corticosterone concentration and weight gain
in single harvested mice of experiment 1 (r = 0.55, P = 0.023).
Dilution of plasma corticosterone concentration by increased ex-
travascular fluid accumulation seems unlikely, as plasma and
ascites corticosterone concentrations were not correlated (r =
0.18, P = 0.47).

To estimate the amount of tumor cell growth on the serosal
surface of gastrointestinal tract organs, the gastrointestinal
tract from the stomach to the colon of each euthanized mouse was
removed and weighed. The gastrointestinal tract of cell-inoculated
mice was significantly heavier than that of controls (P = 0.0001)
and tended to increase with the number of harvests. However,
there was no correlation between intestinal weights and corti-
costerone values (r = 0.02, P = 0.94). When tumor cell growth re-
sulted in increased sediment in the ascites fluid, corticosterone
values increased accordingly (r = 0.69, P = 0.002). However,
there was no relationship between the animal health status
score and amount of sediment in its ascites (P = 0.68).

Production characteristics: As expected, larger quantities of
ascites were obtained by harvesting multiple times, and this re-
sulted in greater MAb yields (Figure 5A). The increase in volume
and quantity obtained with multiple harvests was slightly less
than the factorial (2x, 3x) amount of the one harvest yields. The
amount of ascites obtained from each cell line were similar when
groups of equal harvest numbers were compared (Figure 5A).
However, the MAb concentrations obtained from each cell line
were significantly different and this impacted the MAb yield (Fig-
ure 5 B and C). Additionally, the MAb concentration of subsequent
harvests was not affected by prior harvests (Figure 5C). The low

Figure 2: Food (A) and water (B) consumption of each mouse moni-
tored at weekly intervals, or less during the final days. Mice from all
experiments are included, except those given buprenorphine in ex-
periment 4. Number of harvests performed are designated in final
days. *Significant difference within grouping.
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yield from mice harvested three times in experiment 2 was attrib-
uted to an unexplained null yield during the third harvest of two
mice. Although the MAb (77.2) produced in experiment 1 and 4 is
the same, a different subclone was used to produce the ascites in
each case. The difference in MAb yield between these two experi-
ments emphasizes the need to appropriately screen cell lines for
high levels of production before introducing them into mice.

Behavioral analysis: To assess whether the ascites method of
producing MAb induced anxiety or other behavioral changes in the
mice, black box and open-field analyses were conducted. Pristane
injection had no effect on any of the behavioral parameters that
were analyzed at three or six days after reagent administration in
any of the four experiments (P > 0.30; data not shown). When the
open-field analysis was performed nine days after cell inoculation
(prior to harvesting), the exploratory behavior was reduced in the
cell-inoculated, compared with the pristane-inoculated group (P =
0.04), but the reduction in activity was not significant when com-
pared with that of the PBS-inoculated group (P = 0.10; Figure 6C).

The cell-inoculated mice also were more reluctant to come out of
the black box and the number of times the mice poked their heads
out was reduced; however, these difference were not significant (P
= 0.34 and P = 0.10, respectively; Figure 6 A and B).

Analgesia: To determine whether analgesics could improve
the well-being of mice, ascites was allowed to accumulate in two
groups of mice until they reached a 25% increase in weight, at
which point one group received subcutaneous injections of 0.1 mg
of buprenorphine/kg twice each day for three days while the other
group received PBS. Two parallel control groups that were not in-
oculated with hybridoma cells were also included in this study (ex-
periment 4). There were no significant differences in plasma cort-
icosterone concentrations (Figure 4D), wheel-running activity, or
health status among the four groups compared (data not shown).
Interestingly, use of buprenorphrine may have resulted in de-
creased corticosterone concentration in control mice, although the
differences were not significant.

Discussion
The assessment of well-being in animals requires analysis of a

combination of several criteria, which include performance, clinical
state, neurochemistry, endocrinology, behavior, immunology, and
ethology (15). Several of these criteria were analyzed in this report
to provide the most accurate interpretation of the state of mice be-
ing used in ascites-generating protocols. In accordance with the

AVMA Panel on Euthanasia, the term “pain” used here refers to
the perception of noxious stimuli via the nociceptive pathways (16).
In the case of ascites, pain could potentially be caused by abdomi-
nal distention or soft tissue tumor infiltration. “Distress” refers to
the effect of physical, physiologic, or emotional factors that inter-
fere with an animal’s homeostasis (16). Potential causes of distress
in the ascitic mouse could be chronic visceral pain or fear derived
from actions associated with pain, such as peritoneocentesis. The
well-being of an animal is best met when its pain and distress are
minimized. For a more comprehensive definition and discussion,
the reader is referred to the following references (15, 17–19).

To place this study in the proper perspective, its limitations
should be addressed first. Ascites progression and response to
stressful stimuli may be influenced by the strain of mouse selected,
and these differences were not addressed in this report which in-
volved only 6- to 8-week-old male BALB/c mice. Additionally, the
SP2/0 myeloma fusion partner used to create the hybridoma cell-
lines of this study was derived from the same laboratory cell stock.
If characteristics of this fusion partner predominate, the hybri-
doma cell lines may share common characteristics, such as
growth and invasive properties. Variability may have been in-
troduced by using different hybridoma cell lines and different
inoculating doses for each experiment; however, if results from
interexperimental subgroups were found to be significantly dif-
ferent, they were not combined for further analysis.

The environmental conditions of the mice may also have in-
fluenced results. Rodents are highly social, and individual hous-
ing, such as used in this study, may cause some distress. To min-
imize this effect, mice were allowed a minimum of three days to
adapt to individual housing conditions before data collection
began. Access to mouse wheels also may have influenced the
progression of tumor growth and ascites accumulation. Human
studies suggest that exercise has a negative effect on tumor
growth (20). Furthermore, there is some debate as to whether
exercise modulates the response to pain by stimulating the re-
lease of endorphins (21). It would be of further interest to deter-
mine whether wheel-running activity can improve the well-being
of mice used for ascites production. Although these limitations
should be considered in interpretation, the results of this study
are logical and consistent among themselves and with those of
other recent studies (9, 10).

Clinical observation of pristane-inoculated mice indicated that
60% of the mice may have experienced some mild transient dis-

Figure 3: Mice from experiments 3 and 4 grouped according to health status score and compared according to: (A) wheel-running activity two
days after pristane inoculation and eight days after cell inoculation, and (B) percentage of weight gained from day of cell inoculation to eight days
after cell inoculation. *Significantly different from HS 1 group.
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tress within the first three days of inoculation. Signs were largely
restricted to mild unkemptness around the cervical and upper tho-
racic region (health score of 1). Wheel-running behavior was
slightly depressed the second day after pristane inoculation; how-
ever, activity levels never reached significance and quickly re-
turned to normal. Body weight, food and water consumption, and
behavior analyses were unchanged by pristane inoculation in this
study. Amyx (22) suggested that inoculation of a higher dose
(0.5 ml) of pristane resulted in weight loss, hunched posture,
and reduced activity of mice. However, clinical abnormalities or
weight loss were not detected in 0.5-ml pristane-inoculated mice in
a study performed by Jackson et al. (10), and in an unpublished
blinded study, Gebhart was unable to separate pristan-inoculated
mice from PBS-inoculated mice (5).

The dose of 0.2 ml of pristane was sufficient to prime the mice
for ascites production. Others have reported no significant differ-
ence in ascites production when mice were primed with 0.1, 0.2,
or 0.5 ml of pristane (23, 24). Freund’s incomplete adjuvant (0.3
ml) has been proposed as a superior priming agent in that it in-
duces fewer indications of distress, and injection of hybridoma cells
can be performed earlier (25–27). Regardless of the agent used,
care must be taken, as there are some risks associated with incor-
rect intraperitoneal inoculation that could result in additional ab-
dominal organ lesions and/or hemorrhage (28). In summary, i.p.
inoculation of 0.2 ml of pristane induced little or no signs of dis-
tress; Freund’s incomplete adjuvant may be considered as an al-
ternative priming agent; and the health status of inoculated
animals should be well monitored.

Human studies of patients with a variety of diseases (cirrho-
sis, liver transplants, cancer) indicate that abdominal distention
with ascites resulted in adverse effects on the respiratory and
cardiovascular systems and negatively affected prognosis (11, 12,
29). In this study, mouse wheels were used as a convenient means

to continuously monitor animal-well being. Change in wheel-run-
ning has been used previously as a behavioral indicator of pain
associated with subtle visceral organ damage as a result of sub-
lethal explosive blast pressure in rats (30). A disadvantage to
this approach is that the increased effort and discomfort associ-
ated with abdominal ascites accumulation may also negatively
influence running performance. Although weight gain was
negatively correlated with running activity in this study, sev-
eral other factors need to be considered, as weight gain and dis-
ease progression also are tightly associated here. The running
activity of one pristane-inoculated mouse and two cell-inocu-
lated non-ascitic mice sharply decreased at least 2 days prior to
their reaching a morbid state. Additionally, running perfor-
mance appeared to decrease as clinical assessments became less
favorable (Figure 3A). If weight were a predominate factor in de-
termining running activity, one would expect activity levels to
increase after harvesting approximately 10% of a mouse’s body
weight as ascites. This was not the case; in fact, wheel-running
activity appeared to decrease more markedly after harvesting.
Taken together, along with results of a previous study (30), these
observations suggest that decreased wheel-running activity may
be associated with distress and/or pain in rodents.

Current recommendations and several guidelines limit the
amount of weight gain in an ascites-producing mouse to 20% of its
normal body weight (31–33). Significant changes in wheel-running
activity in cell-inoculated mice occurred at the point when they
gained approximately 25% of their body weight. Some of this
weight gain may be attributed to normal growth of the young
mice used in these procedures, as controls gained an average of
4% body weight during the ascites phase. Taking this into con-
sideration, the point of significant change in wheel-running be-
havior approximates current acceptable standards. A decrease
in food consumption also suggests that mice were affected near,

Figure 4: Plasma corticosterone concentrations determined by use of a radioimmunoassay of blood taken at euthanasia.
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or prior to, this point (Figure 2A). Additionally, clinical signs of dis-
tress were significantly more apparent in mice that were 25 to 30%
over their baseline body weight (Figure 3B). However, once mice
were identified as being clinically affected (health score > 0) at
eight days after inoculation, body weight did not differ significantly
among mice grouped according to health status scores. This may
be because mouse weight was affected by several factors, including
tumor cell growth, ascites accumulation, and body mass. It is likely
that mice that remain healthy and not distressed more readily
gain weight and provide a better environment that is conducive to
hybridoma cell growth and ascites production. This postulate is
supported by the observation that plasma corticosterone concen-
tration was negatively correlated to weight gain.

Although we did not objectively investigate the minimal point of
weight gain at which ascites could be harvested, previous experi-
ence indicates that efficient peritoneocentesis before mice reached
a 20% increase in weight may be difficult. When the abdomen is
not sufficiently swollen, it is more likely that repeated needle
sticks or additional probing may be necessary to locate ascites-
rich pockets. As a result, animals may incur additional distress
and the risk of puncturing visceral organs or blood vessels is
increased. To obtain optimal yields with minimal distress, my

experience indicates that the first harvest in growing mice
should be performed when body weight becomes 20 to 25% of
baseline body weight. Assuming that approximately 5% of this
increase may be due to normal growth, the point at which the
first harvest should occur in adult mice may need to be adjusted
to 15 to 20% above normal body weight.

To determine whether and when mice used in ascites proto-
cols become distressed, several mice in these studies were al-
lowed to gain substantially more weight than recommended in
current guidelines. Although the mice tolerated increases in
body weight up to 60%, we do not recommend that this proce-
dure be adopted as a standard for several reasons. As discussed
previously, access to exercise and use of less offensive cell lines
may have resulted in better health in these mice. Additionally,
ascites yields were not markedly improved by delaying the time
of the initial harvest, as indicated by comparing respective val-
ues of later harvests (experiments 1 and 2) with earlier har-
vests (experiments 3 and 4). By using 20 to 25% weight gain as
a marker to initiate ascites harvesting, comparable ascites
yields can be obtained, and mice are placed at lower risk of de-
veloping later complications, which may lead to distress.

Institutional guidelines vary according to the number of as-

Figure 5: Ascites and antibody quantification. (A) Each bar indicates
mean cumulative volume of ascites obtained from mice in the speci-
fied group. (B) Each bar indicates mean cumulative quantity of anti-
bodies obtained from mice in the specified group. (C) Each bar repre-
sents concentration of the specified harvest of all mice in the desig-
nated experiment.

Figure 6: Behavioral analysis. (A) Mice were placed in a black box
with an opening on one side. The number of times the mouse extended
at least its entire head out of the box within a two-minute period was
tabulated. *Significantly different from PBS-inoculated group. (B)
Amount of time, up to two minutes, that it required the mouse to
leave the black box was tabulated. (C) On leaving the black box, mice
enter the open-field box with 15 demarcated squares. The number of
squares the mice passed through during a three-minute interval was
tabulated. *Significantly different from pristane-inoculated group.
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cites harvests that are recommended, with most ranging from 1
to 3 (5). Results of this study indicate that there were no differ-
ences in health score, food consumption, or corticosterone con-
centration when multiple ascites harvest groups were compared.
Human clinical studies indicate that peritoneocentesis provides
relief from pain associated with abdominal distention and im-
proves breathing efficiency (11, 12). The fact that mice with un-
relieved abdominal distention (cell group 1) often required
euthanasia earlier than did those of the other harvest groups
suggests that peritoneocentesis benefits mouse survival time.
Although comparison of plasma corticosterone concentrations
did not reveal any significant difference among groups, some
notable trends were observed. Single harvest groups consis-
tently had the highest corticosterone concentrations and mul-
tiple harvest groups always had lower values than those of this
group, often lower than those of the controls (Figure 4). These
results could be explained under the conditions that corticoster-
one concentration had adjusted to the presence of chronic dis-
tress caused by abdominal distention in unharvested animals.
Once peritoneocentesis was performed, some of the stressor was
removed and glucocorticoid values decreased. Further work is
needed to confirm this hypothesis.

The major advantage of harvesting ascites from mice mul-
tiple times is that potentially greater MAb yields can be ob-
tained. If, for example, in experiment 2 or 3 (Figure 5), the
number of harvests were restricted to one, as opposed to three,
approximately 2.5 additional mice would be needed to produce
the same amount of MAb. However, in some instances, there
may not be a substantial increase in yield on the third harvest
(versus two harvests), as in experiment 2, (Figure 5B) and for
one of five clones analyzed by Jackson et al. (9). In these situations
prior experience with a hybridoma cell line may be necessary to
determine whether the number of harvests should be limited to
two. Additionally, as implied earlier, optimization of hybridoma
cell line clones by selection of high MAb secretors may also re-
duce the numbers of animals needed.

Although peritoneocentesis may have some benefit to the
animal’s health, multiple harvests in the ascitic mouse also raise
some additional concerns. The increased longevity that multiple
harvests may afford the mice is accompanied by a prolonged oppor-
tunity in which the ascites-producing tumor cells can grow and in-
vade tissues. This is evidenced by my findings that gastrointestinal
tract organ weight increased as the number of harvests increased.
Jackson et al. (10) also found that mouse survival decreased with
each harvest. On the basis of my experience, here and elsewhere,
we found that typically, a four-day regimen (harvest-rest-har-
vest-harvest) worked best for providing maximal yield and meet-
ing the welfare needs of the animal. During that period, mouse
weight may continue to increase by approximately 10% due largely to
tumor cell growth (data not shown).

Hypovolemia also should be considered as a potentially harm-
ful effect when multiple harvests are performed. Jackson et al.
(10) observed that mice tended to have the most pronounced
clinical signs of distress within 30 minutes of harvesting and
mortality was highest at that point. Although the mice of the
study reported here were not monitored as closely, abnormal
clinical signs were not worse at that point; however, mice com-
pensated for bodily fluid loss as evidenced by an increased wa-
ter consumption in mice that were harvested three times (Figure
2B). Collectively, these results indicate that the well-being of mice

can be positively and negatively affected by peritoneocentesis,
and when performed in mice, health status should be monitored
closely. Under these circumstances and as long as mice continue
to be robust with no signs of pain or distress, it would seem most
appropriate to maximize yields by performing three harvests.

Although there was no relationship between health scores in
mice and ascites sedimentation in this study, personal experience
supports the assumption that mice with clear ascites tend to be
healthier than those with bloody or particulate-laden ascites. A
negative correlation between the amount of sediment found in as-
cites harvests and plasma corticosterone concentration upholds
this postulation. Additionally, in studies performed by Jackson et
al. (9, 10), the group of mice that had the lowest survival rate also
had hemorrhagic ascites. Of additional interest, this same group of
mice also had the lowest weight gain and poorest MAb yield of the
five groups analyzed, which coincides with my observation that
healthier mice gain more weight. These results indicate that spe-
cial attention should be directed to mice that produce hemorrhagic
or cloudy ascites, especially if they are not gaining weight.

A change in exploratory behavior or locomotion, as measured
in the open-field box, may be an indicator of pain and/or distress
in animals (34–36). Technicians also commonly rely upon locomo-
tion and behavioral responses (to prodding) to assess the well-be-
ing of animals (personal observation). Thus, this study may
provide a somewhat analogous means to quantitatively evalu-
ate these crude measures for assessing the well-being of ascitic
mice. Again, increase in body weight of cell-inoculated mice may
also affect locomotion and the animal’s risk/fear assessment of
escaping potential harm. However, a modest weight gain of
7.5% in rats with hepatomegaly induced by a high cholesterol
diet had no effect on exploratory behavior (37). In another study
performed in lymphoma-inoculated mice by van Loo (38), ex-
ploratory behavior decreased as tumors formed. Results for
each of the behavioral parameters observed suggest that explor-
atory behavior decreased in the cell-inoculated group; however,
significance was never reached. Perhaps longer intervals of be-
havioral analysis may have lead to more concrete observations.
These observations may suggest that to fully assess the well-
being of mice used in MAb producing protocols, short-interval be-
havioral examination may be insufficient.

Use of buprenorphine had no effect upon the parameters that
were analyzed in this assessment of animal well-being. It is likely
that the analgesic was ineffective under these circumstances. Van
Loo (38) also found that buprenorphine did not sufficiently re-
lieve pain associated with SL2 lymphoma inoculated mice. In a
recent study by Gades et al. (39), the longevity of buprenorphine
administered to mice was 3 to 5 hours (39). The dosage regimen
used in the study reported here may not have been sufficient to
significantly reduce pain or cover the period of peak running
activity in the middle of the night. Additionally, buprenorphine
was administered when mice had already reached a 23% in-
crease in weight. Perhaps additional benefit would have been
gained if dosing had started earlier. An interesting relevant
finding of Kanarek et al. (21) was that running activity of rats
decreased the analgesic properties of morphine, supposedly due
to the presence of increased endogenous �-endorphins. This
would suggest that endogenous �-endorphins may serve as an
agonist-antagonist and that their release, as a result of wheel-
running, may have some analgesic properties.

Administration of buprenorphine could potentially be harm-
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ful in this situation through its suppressive effects on the car-
diovascular system, and these side effects should be considered
before analgesics are administered to an ascitic mouse. How-
ever, additional studies using different agents, regimines, or
doses may lead to development of more suitable pain-relieving
approaches for in vivo MAb production protocols.

This study has taken a refinement approach to producing
MAbs in mice, as mentioned previously, these approaches should
find use only if the in vitro methods have proven to be unsuccess-
ful in the production of a specific MAb. If the use of animals for
ascites production has been justified, the following recommen-
dations, based on the findings presented here, are suggested: 1)
procedures should be performed by skilled individuals, who are
familiar with the recognition of pain in mice, and preferably an
institutional veterinarian should be involved; 2) a maximum of
0.2 ml of pristane should be sufficient to prime mice; 3) animals
should be monitored and weighed on the day of cell inoculation
and at least daily, beginning no later than the fifth day after inocu-
lation; 4) healthy robust mice can be harvested up to three times,
as long as the initial harvest occurs when body weight is between
20 and 25% of baseline (if adult mice are used, a 20% gain above
normal weight may be more appropriate), thereafter, body weight
should not exceed 30%, and a four-day period from the time of first
to last harvest should be targeted; 5) mice that are slow at gaining
weight or have hemorrhagic/cloudy ascites should be monitored
closely and considered for euthanasia.
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Many developments have emerged in the production and
application of monoclonal antibodies since Köhler and
Milstein first described the technique for producing hybri-
doma cells that secrete monoclonal antibodies (MAbs) (1, 2).
Murine ascites production has been the time-honored tech-
nique for producing small-scale, research laboratory quan-
tities of MAbs (3–5). An ascitogenic priming agent is admin-
istered intraperitoneally to mice, followed by inoculation with
hybridoma cells. Ascitic tumors form in the abdominal cav-
ity of the mouse and produce ascites fluid that contains a
high concentration of MAb secreted by the hybridoma cells.
This antibody-rich ascitic fluid is harvested by paracente-
sis, processed, and purified to obtain the antibody.

Appreciable morbidity and mortality may be associated
with this procedure (4), and animal-welfare concerns have
been raised regarding the potential for various aspects of
this procedure to induce pain and/or distress in the ani-
mals (5–7). As a result of these concerns, several European
countries have established guidelines or regulations that
restrict or prohibit ascites production in rodents (6, 8, 9),
and attention from animal-welfare organizations, the sci-
entific community, and regulatory agencies is increasing
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Background and Purpose: Murine ascites production has been associated with appreciable morbidity
and mortality, thus raising animal-welfare concerns. To address these concerns, the clinicopathologic
changes associated with in vivo production of monoclonal antibodies in mice were characterized, and
results were compared among cell lines.

Methods: Five hybridoma cell lines were grown in groups of 20 mice. Fourteen days prior to inocula-
tion with 106 hybridoma cells, mice were primed with 0.5 ml of pristane given intraperitoneally; 12 mice
were sham treated (controls). Ascites fluid was collected a maximum of three times by abdominal para-
centesis. Clinical observations and pre- and postabdominal tap body weights were recorded. Necropsies
were performed on all mice.

Results: For all groups combined, overall survival to tap 1 was 98%, to tap 2 was 96%, and to tap 3 was
79%; survival among groups ranged from 90 to 100% for tap 1, 85 to 100% for tap 2, and 35 to 100% for tap
3. Disseminated intra-abdominal seeding with irregular soft tissue and/or solid tumor masses was ob-
served at necropsy.

Conclusions: Significant clinicopathologic changes were associated with monoclonal antibody pro-
duction in mice, and differences between various hybridoma cell lines were apparent.

in the United States as well (10, 11). Although information
in the literature regarding antibody production is consider-
able, little information addresses the clinicopathologic
changes associated with this procedure or correlation of these
changes with production parameters in mice. As veterinar-
ians and others concerned with the welfare and humane
care of animals used in research, we sought to characterize
the clinicopathologic changes in mice associated with as-
cites production, and to correlate specific experimental ma-
nipulations with observed morbidity and mortality. Our in-
tent was to develop recommendations for handling these ani-
mals in a manner that would minimize the potential for pain
and/or distress associated with this procedure.

Materials and Methods
Hybridoma cell lines: Five hybridomas were evaluated

(Table 1); five mice groups (n = 20 each) were named for
the hybridoma cell line with which they were inoculated.
These cell lines were selected in part because of the need
for particular MAbs for experimental use, but also in an
attempt to choose hybridomas representative of varied plas-
macytoma fusion partners, varied isotypes of secreted an-
tibody to include IgM and IgG, different subclasses of IgG,
and mouse x mouse and rat x mouse hybridomas. Hybrido-
mas 2B11 (12), 3C9 (13), 2C6D9, and 3D6 (14) were gener-
ously provided (Dr. Gerald Wogan, MIT Division of Toxicol-
ogy, Cambridge, Mass.), as was hybridoma RMK (Ann
Marshak-Rothstein, Boston University, Boston, Mass.).
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Animals: Each mouse x mouse hybridoma was grown as
ascitic tumors in 20 CAF1/J male pathogen-free mice (The
Jackson Laboratory, Bar Harbor, Maine). An additional 12
CAF1/J mice served as sham controls. The rat x mouse
heterohybridoma was grown as ascitic tumors in 20 Fox
Chase SCID, C.B-17/IcrTac-scidDF male pathogen-free mice
(Taconic Farms, Germantown, N.Y.). An additional 12 SCID
mice served as sham controls.

Animals were maintained in a facility that has animal
care and use programs approved by AAALAC, International.
Animals were 7 weeks of age at receipt and were housed
four per cage in polycarbonate shoebox cages with wire bar
lids and filter tops (Micro-barrier; Allentown Caging, Allen-
town, N.J.). Laboratory-grade pine shavings (Northeastern
Products Corp., Warrensburg, N.Y.) were used for bedding.
The CAF1 mice were fed pelleted rodent chow (Prolab 3000;
Agway, Syracuse, N.Y.), and fresh distilled water in bottles
was available ad libitum. The SCID mice were fed auto-
claved pelleted rodent chow (Prolab 3500; Agway), and au-
toclaved distilled water in bottles was available ad libitum.
Cages and bedding were also autoclaved prior to use for
SCID mice. A 12-h light/dark cycle was maintained.

Animal husbandry was performed according to the stan-
dard operating procedures of the institution and in con-
formance with applicable guidelines. Husbandry procedures
and experimental manipulations with SCID mice were con-
ducted in a positive-flow horizontal laminar mass air dis-
placement unit (EdgeGARD; Baker Co., Sanford, Maine),
using aseptic technique.

All mice were held for a minimum of 6 days after arrival
to allow for acclimation. Animals were then randomized
into groups by body weight and were identified by ear
punch. The protocol for animal use was approved by the
MIT Committee on Animal Care.

Pristane priming: On study day –14, each test mouse
received a single intraperitoneally (i.p.) administered 0.5-
ml dose of pristane (2,6,10,14-tetramethylpentadecane;
Sigma Chemical Co., St. Louis, Mo.). Animals in the control
groups received a single i.p. administered 0.5-ml dose of
saline (0.9% NaCl, USP; Abbott Laboratories, North Chi-
cago, Ill.). Injections of pristane or saline were administered
into the caudal left quadrant of the ventral portion of the
abdomen, using sterile syringes and 25-gauge 5/8-in needles.

Bacterial culture of pristane: Bottles of pristane main-
tained under routine use and storage conditions were evalu-
ated for sterility. Samples were obtained, using aseptic tech-

nique, from four bottles of pristane that were currently in
use in the animal facilities. Aerobic and anaerobic bacte-
rial cultures were performed. For aerobic culture, 1 ml of
pristane was inoculated into 5 ml of tryptic soy broth
(Remel, Lenexa, Kans.) and was incubated for 18 to 24 h at
358C. Broth samples were then plated on blood agar/
MacConkey agar biplates (Remel) and incubated for 18 to
24 h at 358C.

For anaerobic culture, 1 ml of pristane was plated on blood
agar/MacConkey agar biplates and incubated for 46 to 48
h at 358C in an anaerobic jar with a gas pack (BBL Gas
Pak Plus; Becton Dickinson, Cockeysville, Md). All samples
were protected from light.

Hybridoma cell inoculation: Hybridoma cells were
maintained frozen in liquid nitrogen in a solution composed
of 95% fetal bovine serum (Endlo; JRH Biosciences, Lenexa,
Kans.) and 5% dimethyl sulfoxide (Sigma Chemical Co).
Cells were defrosted and grown in Dulbecco’s modified
Eagle’s medium (DMEM) with 4.5 g of glucose/L (GIBCO,
Grand Island, N.Y.), supplemented (10 ml/L) with 10 mM
MEM non-essential amino acid solution and 200 mM L-
glutamine (GIBCO) for a final concentration of 6 mM L-
glutamine. Fetal bovine serum was added to 20% (vol:vol)
final concentration. Cells were expanded in static culture
to provide >20 x 106 cells in logarithmic growth phase for
each group of mice. Prior to inoculation in mice, antibody
secretion into the cell culture supernatant was verified for
each hybridoma cell line by use of an enzyme-linked
immunosorbent assay (ELISA [15]).

On study day 0, cells were counted, using a hemocytom-
eter, by trypan blue dye exclusion, and a hybridoma cell
suspension containing 2 x 106 live cells/ml in basal cell cul-
ture medium was prepared. Each test mouse received 106

live cells in basal culture medium in a total volume of 0.5
ml i.p. once. Mice in control groups received 0.5 ml of basal
culture medium without cells i.p. once. All injections were
administered in the left caudal quadrant of the ventral
portion of the abdomen using sterile syringes and 25-gauge,
5/8-in needles.

Abdominal paracentesis: Abdominal paracentesis was
performed when moderate abdominal distention was vis-
ible. Paracentesis was performed before exceeding an ap-
proximate 20% increase in body weight from day 0, in ac-
cordance with institutional and United Kingdom Coordinat-
ing Committee on Cancer Research (UKCCCR) guidelines
(8, 16). Abdominal taps were performed every 1 to 3 days
on the basis of clinical appearance of each mouse and the
rate of ascites production, as assessed by degree of abdom-
inal distention. Abdominal paracentesis was performed a
maximum of three times for each mouse.

The animals were manually restrained for abdominal
paracentesis, which was performed aseptically, using a ster-
ile 18-gauge, 1.5-in needle inserted into the peritoneal cav-
ity through the left lateral abdominal wall. Ascites fluid
was collected via gravity flow by permitting the fluid to
drip from the hub of the needle, and directly from the para-
centesis site, into a sterile centrifuge tube. Gentle digital
pressure was applied to the abdomen, and the position of
the mouse was altered as needed to facilitate removal of

Table 1. Hybridoma cell lines

Cell line Antibody Plasmacytoma Isotype

2B11 Anti-aflatoxin Sp2/0-Ag14   IgM
3C9 Anti-MeIQx P3-X63Ag8   IgG2b
2C6D9 Anti-BSA Sp2/0-Ag14   IgG1
3D6 Anti-4-ABP Sp2/0-Ag14   IgG1
RMK Rat anti-mouse K Sp2/0-Ag14   IgG2a

Cell line designation, antibody specificity, plasmacytoma fusion partner,
and antibody isotype and subclass are presented for each cell line. All cell
lines are BALB/c mouse x mouse hybridomas except RMK, which is a rat
x mouse heterohybridoma.
MeIQx = 2-amino-3,8-dimethylimidazo[4,5-f]quinoxaline; BSA = bovine
serum albumin; 4-ABP = 4-aminobiphenyl; K = kappa light chain of mouse
immunoglobulin

Monoclonal Antibody Production in Murine Ascites



Vol 49, No 1
Laboratory Animal Science
February 1999

72

the ascites fluid. The total volume of fluid collected and the
day of collection were recorded for each tap for each mouse.

Abdominal paracentesis was also performed for mice in
the control groups. Paracentesis was performed for all con-
trol mice three times during a time interval approximat-
ing that for the abdominal taps performed for mice of the
test groups (days 15, 17, and 19 for CAF1 mice; days 14, 17,
and 19 for SCID mice). Abdominal paracentesis was per-
formed as previously described. The mice were restrained
in a manner similar to and for a period approximately equal
to that necessary to collect ascites fluid from test mice.

Clinical observations: All mice were observed at
least once daily beginning on day –14 after administra-
tion of pristane. During the time interval when abdomi-
nal taps were performed, mice were observed at least
twice daily (morning and night), to include observations
immediately after abdominal taps. Clinical parameters
evaluated included general appearance, character of the
coat, posture, activity level, and assessment of the de-
gree of abdominal distention.

Body weight measurements: Body weight was re-
corded for each mouse on study day –14 prior to pristane
injection; on day –7; on day 0 prior to hybridoma cell inocu-
lation; on days 2, 4, 7, and 9; and daily thereafter until
study completion. On days when paracentesis was per-
formed on test mice, before- and after-tap body weight mea-
surements were recorded.

Euthanasia: During the study, any mouse with persis-
tent, severe clinical abnormalities that were interpreted to
be indicative of pain or distress or were suggestive that
the mouse might not survive to the next observation pe-
riod was euthanized. Mice surviving to the third abdom-
inal tap were euthanized just prior to the paracentesis pro-
cedure. Six mice from each control group were euthanized
at the time the last test mice were euthanized. Euthanasia
was performed, using CO2 in accordance with accepted
guidelines (17).

Necropsy and histologic examination: Complete
gross necropsy was performed on all mice of test groups
and on six mice of each control group. Organs and tissues
were examined in situ, then were dissected free and fixed
in neutral-buffered 10% formalin. Representative tissues
from selected animals were processed for microscopic ex-
amination. Organs and tissues were trimmed, processed
by standard methods, and sectioned at 5-mm thickness.
Slides were prepared, stained with hematoxylin and eosin,
and examined microscopically.

Statistical analyses: Unpaired t tests were used to com-
pare mean body weights between pristane-treated and con-
trol mice on days –14, –7, and 0. Differences among mean
body weight changes and mean percentage changes in body
weight between day 0 and the first abdominal tap for mice
of the five test groups were tested for statistical signifi-
cance, using a one-way repeated measures analysis of vari-
ance (ANOVA), followed by pairwise comparisons among
group means, using the Newman-Keuls test (18). Differ-
ences among means for abdominal tap days were tested
for significance, using a one-way ANOVA, followed by
pairwise comparisons among group means, using the

Newman-Keuls test.
For comparison of mean body weights among test and con-

trol mice for each tap, control mean weights used were those
for the mean study day on which the tap was performed for
the test group. Control group weights were compared with
the post-tap weights for the test groups because these
weights were considered to more accurately reflect actual
body weights of the mice. Mean body weights were tested
for significance at each tap, using unpaired t tests. Mean
and percentage changes in pre- and post-tap body weights
among treated groups were tested for significance, using a
one-way ANOVA, followed by pairwise comparisons among
group means, using the Newman-Keuls test. Comparisons
of mean and mean percentage changes in body weight among
taps within groups were made, using a one-way repeated
measures ANOVA, followed by pairwise comparisons be-
tween taps, using the Newman-Keuls test. Statistical sig-
nificance was set at a = 0.05. Data are presented as mean,
with SD as a measure of dispersion.

Results
Bacterial culture of pristane: Aerobic and anaerobic

culture of samples submitted from the four bottles of pris-
tane did not yield bacterial growth.

Time intervals for abdominal taps: The time inter-
vals for abdominal taps are presented in Figure 1. Signifi-
cant differences were observed within and between groups
in onset and rate of development of ascites and, conse-
quently, the range of days during which abdominal taps
were performed. For groups 2B11 and 2C6D9, development
of ascites was relatively synchronous among mice within
each group, and consequently, the days on which abdomi-
nal taps 1, 2, and 3 were performed were nearly the same
for all mice in each group. The range of days during which
each tap was performed was progressively greater for groups
3C9, 3D6, and RMK, respectively, indicating greater vari-
ability among mice in the time of ascites development and,
consequently, the time of abdominal taps. Comparison of
mean tap days between groups for taps 1, 2, and 3 revealed
significant differences, with the exception of values for
groups 3C9 and RMK, which were not significantly differ-
ent from each other.

Clinical observations: Incidence of clinical abnormali-
ties in all groups of mice are presented in Table 2. All mice
of the control groups remained clinically normal through-
out the study. (One SCID control mouse was euthanized
after accidental trauma during the acclimation period.)
Clinical abnormalities were not observed in any test mice
during the 2-week period after administration of pristane.
One mouse of group 2B11 was euthanized (day 9), and one
mouse of group 2C6D9 was found dead (day 11) after hy-
bridoma cell inoculation and prior to any abdominal taps.
Both mice had palpable caudal abdominal masses. Clinical
abnormalities observed in mice during ascites production
were similar among groups, yet differed in rapidity of pro-
gression, severity, and incidence of specific abnormalities.

The onset of clinical abnormalities in all test groups was
generally related to the development of ascites, as deter-
mined by visible abdominal distention and increasing body
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weight. The range of days over which the initial abdominal
tap was performed reflected the time of initial ascites de-
velopment for mice in each group (Figure 1). Initial clinical
abnormalities in all groups included rough coat, hunched
posture, and progressively increasing abdominal distention.
The severity of clinical abnormalities increased progres-
sively over time, and as the number of abdominal taps in-
creased, for mice of all groups. Decrease in activity, pal-
pable abdominal masses, thin appearance, and evidence of
dehydration, as determined by decreased skin turgor and
enophthalmos, were most often observed later in the course
of study.

Appreciable clinical abnormalities were observed during
the period immediately after abdominal paracentesis (gen-
erally #30 min from the time of the tap). These abnormali-
ties were observed in some mice of all groups and included
rough coat, hunched posture, decreased activity often asso-
ciated with the observation of mice huddling together in the
cage, tachypnea, and in some instances dyspnea, and pallor
that was most evident on the muzzle and ears. These signs
were most often transient and mild to moderate in severity,
but in 19 mice from four of the five test groups, these signs
were persistent and severe, leading to death (n = 5) or eu-
thanasia (n = 14) of mice after the first or second abdominal
tap. Twelve of these 19 mice were from group 2C6D9.

Although there was variability between mice and for dif-
ferent taps within groups, the ascites fluid obtained from
mice of group 2C6D9 was often markedly hemorrhagic.
Ascites fluid collected from mice of group RMK was gener-
ally clear. Ascites fluid collected from other groups was gen-
erally mildly to moderately hemorrhagic. Persistent leak-
age of ascites fluid from the abdominal tap site was ob-
served only in SCID mice from group RMK. The leakage of
ascites fluid usually resolved within 2 days after abdomi-
nal tap.

Small subcutaneous soft tissue nodules were visible, and

palpable in some mice of all groups, at the caudal left ven-
tral portion of the abdomen, the site of i.p. administration
of pristane on day –14, and hybridoma cells on day 0. Nod-
ules observed after pristane administration were appar-
ent in eight mice of four groups, and were first observed on
study day 0 prior to hybridoma cell administration. The
nodules were raised, and size ranged from 2 to 6 mm in
diameter. In five of the eight mice, size of nodules decreased
or nodules became inapparent within 7 to 14 days from the
initial observation. In two mice, size of the nodules slightly
increased, and in one mouse, size of the nodule remained
unchanged. Nodules observed after hybridoma cell admin-
istration were first observed 13 to 20 days later in 14 mice
of three groups. The nodules were raised, and size ranged
from 2 to 5 mm in diameter. Nodule size increased over
time in 9 of 14 mice. Change in nodule size over time was
not observed for the remaining five mice.

Noticeable differences observed between groups included
high incidence of subcutaneous soft tissue masses at the
hybridoma injection site in group-3C9 mice; rapid onset of
ascites production and rapidly progressive and severe clini-
cal abnormalities in group-2C6D9 mice, as indicated by the
highest incidence of mortality and euthanasia prior to the
third paracentesis; slowly progressive and mild clinical ab-
normalities in group-RMK mice, as indicated by 100% sur-
vival to the third paracentesis; persistent leakage of ascites
fluid from the abdominal paracentesis site in group-RMK
mice; and failure of ascites to develop in two group-3D6 mice,
which remained clinically normal throughout the study.

The number and percentage of mice that were tapped,
as an index of survival, for all groups for taps 1, 2, and 3
ranged from 90 to 100%, 85 to 100%, and 35 to 100%, re-
spectively. Overall survival to tap 1 was 98%, to tap 2 was
96%, and to tap 3 was 79%. Detailed data can be found in
an accompanying report (15).

Body weight measurements: Days –14 through 0: Dif-
ferences in mean body weights were not significant for the
CAF1 control versus pristane-treated CAF1 mice or the SCID
control versus pristane-treated SCID mice at days –14, –7,
and 0.

Day 0: Comparisons of group mean body weights at day
0 indicated that mean body weight for the SCID mice was
significantly lower than mean body weight for the CAF1
mice (P = 0.0001); therefore, body weight comparisons were
not made between CAF1 and SCID mice.

Day 0 to initial tap: Mean body weight and mean percent-
age increase in body weight between day 0 and initial ab-
dominal tap for each group are presented in Table 3. Mean
percentage increase in body weight was significantly greater
for mice of group RMK (P = 0.0001), and was significantly
less for mice of group 2C6D9 (P = 0.0001) in comparison
with values for other groups. Mean percentage increase in
body weight between day 0 and the before tap weight at
initial abdominal tap for all groups combined was 17.14%.

Day 0 through the end of study: Comparisons of mean
body weights between test and control groups at each tap
and percentage decrease in body weight for test groups at
each tap are presented in Table 4.

Group 2B11: Because development of ascites and, conse-

Figure 1. Time intervals for abdominal tap, represented by the
range of days during which abdominal taps 1, 2, and 3 were per-
formed for each group. Mean 6 1 SD for each tap interval are
presented.
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quently, days of abdominal
taps were relatively synchro-
nous among mice of this
group, mean body weights
for this test group and the
corresponding control group
have been graphed over
time, to include mean body
weights before and after tap
for the test group at taps 1,
2, and 3 (Figure 2). Body
weights for the test group,
relative to the control
weights, began to increase
on day 10, continued to in-
crease, then reached a pla-
teau between day 11 and ini-
tial abdominal tap on day 13.
Mean percentage decrease
in body weight was signifi-
cantly greater at initial tap
in comparison with taps 2
and 3 (P = 0.0002). There
was no significant difference
between post-tap 1 weight
for the test group and con-
trol weight. Post-tap weights
for the test group were sig-
nificantly lower than the
control weights after taps 2
(P = 0.0040) and 3 (P =
0.0111). Likewise, post-tap
weights in group-2B11 mice were significantly lower after
taps 2 and 3, compared with tap 1 (P = 0.0001).

Group 3C9: Mean percentage decreases in body weight
were not significantly different for taps 1, 2, and 3. There
were no significant differences between post-tap weights
for the test group and the corresponding control weights;
however, post-tap body weights significantly and progres-
sively decreased in group-3C9 mice from taps 1 through 3
(P = 0.0001).

Group 2C6D9: Mean percentage decrease in body weight
decreased significantly from the first through the third
abdominal tap (P = 0.0001). There was no significant dif-
ference between post-tap 1 weight for the test group and
control group weight. Post-tap weights for the test group
were significantly lower than control weights after taps
2 (P = 0.0011) and 3 (P = 0.0038). Likewise, post-tap weights
in group-2C6D9 mice were significantly lower after taps 2
and 3 in comparison with weights after tap 1 (P = 0.0001).

Group 3D6: Mean percentage decreases in body weight
were not significantly different for taps 1, 2, and 3. There
were no significant differences among post-tap weights for
the test group and the corresponding control weights; how-
ever, post-tap body weights significantly decreased within
the test group from tap 1 to tap 2 (P = 0.0003).

Group RMK: Mean percentage decreases in body weight
were significantly greater for taps 1 (P = 0.0004) and 3 (P =
0.0004) in comparison with tap 2. There were no signifi-

cant differences between post-tap weights for the test group
and the corresponding control weights after tap 1; how-
ever, post-tap body weights for the test group were signifi-
cantly greater than the corresponding control weights af-
ter taps 2 (P = 0.0040) and 3 (P = 0.0047). Likewise, post-
tap weights in group-RMK mice were significantly greater
at taps 2 (P = 0.0001) and 3 (P = 0.0001) in comparison
with weights at tap 1.

Correlation between body weights and clinical
observations: In examination of individual mice data,
definitive correlation could not be made between the mag-
nitude of the percentage decrease in body weight at the
time of abdominal taps and presence or absence of post-
tap clinical abnormalities, such as pallor, tachypnea,
hunched posture, decreased activity, or death.

Gross and microscopic lesions: Incidence of gross le-
sions observed in all groups of mice at necropsy are pre-
sented in Table 5. Significant gross lesions were not ob-
served in CAF1 or SCID control mice.

Lesions in the abdominal cavity: Hemoperitoneum was
frequently observed in all groups of CAF1 mice. Hemoperi-
toneum was observed in only one SCID mouse of group RMK,
and an additional three mice from this group had clear as-
citic fluid in the abdominal cavity at the time of necropsy.

With the exception of one mouse from group 2B11 and
one mouse from group 2C6D9, all test mice examined from
all groups had disseminated tumor and/or solid tumor

Table 2. Incidence of clinical abnormalities in mice with ascites

CAF1 mice  SCID mice
Control 2B11 3C9 2C6D9 3D6  Control  RMK

No. of mice 12 20 20  20   20 11 20

Daily observations
  Clinically normal 12  0  0   0   2a 11  0
  Subcutaneous mass at
    injection site
    after pristane 0 4  1   2   0 0 1
  Subcutaneous mass at
    injection site
    after hybridoma 0  0 10   0   3  0  1
  Rough coat 0 20 20  20  18 0 20
  Hunched posture 0 20 20  20  18 0  20
  Decreased activity 0 3  8  18  12 0  5
  Palpable abdominal mass 0  1  6   0   6 0  0
  Thin appearance 0  4  3   1   2 0 1
  Dehydration 0  3  0  18   1 0 0
  Animals euthanized prior to taps 0 1  0   0   0 0  0
  Animals died prior to taps 0  0  0   1   0 0 0
  Abdominal distention 0 19 20  19  18 0 20
  Animals tapped 0 19 20  19 18 0  20
  Animals euthanized posttap 1 0 0  0   1   0 0  0
  Animals died posttap 1b 0 0  0   1   0 0 0
  Animals euthanized posttap 2 0  4  1   7   1 0 0
  Animals died posttap 2b 0  0  1   3   0 0  0
  Animals euthanized at tap 3 0 15 18   7  17 0 20

Observations during posttap period
  Rough coat 0 19 10  19   5 0 0
  Hunched posture 0 19 17  19   6   0 10
  Decreased activity 0 19 17  19   8 0  9
  Tachypnea 0 19  4  19   3  0 11
  Pallor 0 19  7  19  10  0 3
  Ascites leak from tap site 0  0  0   0   0  0  9

For each clinical observation listed, incidence is presented as the total number of animals in each group that were
observed to have the indicated clinical sign. Detailed descriptions of each clinical observation are provided in the
text.
aTwo mice of group 3D6 did not develop ascites and remained clinically normal.
bMice died within 30 min after abdominal tap.

a
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masses in the abdominal cavity. The disseminated tumor
was characterized by intra-abdominal seeding with multi-
lobulated, nodular to irregular, reddish to tan-white soft
tissue, principally involving the mesentery from stomach
to rectum, and involving dorsal lumbar, perirenal,
peritesticular, and caudal abdominal/cranial pelvic areas
with an apparent tropism for abdominal fat (Figure 3). Solid
tumors (Figure 4) were characterized as distinct and gen-
erally larger soft tissue masses, and often were associated
with the diffusely seeded tumor. Size of solid tumor masses
ranged from approximately 0.5 x 0.5 x 0.5 cm to 3.5 x 2.2 x
1.5 cm. The most common location of solid tumors was the
left caudal, ventrolateral portion of the abdomen, which
was the site of hybridoma cell inoculation. Tumors were
seldom attached to the peritoneum. Solid tumor masses in
the peritesticular fat also were frequently observed.

Microscopic examination of tissues from representative
mice demonstrated accumulations of tumor cells on the se-
rosal surfaces of organs and tumor cell invasion of mesen-
teric fat and lymphoid tissues in the peritoneal cavity. Tu-
mor cell invasion into parenchymal tissue of the diaphragm,
liver, spleen, pancreas, kidney, and accessory sex glands
was observed in some mice. Tumor masses were composed
of viable and necrotic tumor cells.

Abdominal adhesions, observed in some mice from all test
groups, were characterized by fibrous tissue attachments
between abdominal structures that included the tumor,
abdominal wall, diaphragm, liver, gastrointestinal tract,
kidneys, ureters, bladder, seminal vesicles, and testicles.

Singular or multiple tumor nodules, approximately 0.1
to 0.5 cm3, were observed attached to the hepatic surface of

the diaphragm and/or the hepatic-diaphragmatic ligament
in mice from four of the five test groups. Incidence was
greater in SCID mice of group RMK (85%) than in CAF1
mice of other groups. Plaques or linear streaks in the dia-
phragm were observed in mice of groups 3C9 and 3D6.
Plaques were characterized as raised, usually multiple,
white to tan foci , 0.3 cm2 in diameter. Linear streaks also
were white to tan and raised. Microscopic examination of
diaphragmatic lesions revealed variable degrees of tumor
cell infiltration into the diaphragm musculature or accu-
mulation of tumor cells on the serosal surface.

Incidence of hepatomegaly, splenomegaly, and
renomegaly was variable. Ureteral dilatation, bladder dis-
tention, and intestinal dilatation were infrequently ob-
served among test groups. Organ dilatation or distention
was generally related to distal constrictive lesions created
by tumor growth and/or adhesions.

Edema of subcutaneous tissues with or without muscle of
the ventral abdominal wall was observed in 35% of SCID
mice of group RMK. In some mice, edema of the ventral neck
region, thoracic wall, and/or hind limbs also was observed.

Lesions in the thoracic cavity: Enlarged mediastinal
lymph nodes were frequently observed in mice from four of
the five test groups. Mediastinal masses were observed in
three SCID mice of group RMK and one CAF1 mouse of
group 3D6. Masses were located in the cranial mediastinum
or at the base of the heart. Microscopic examination of af-
fected tissue revealed accumulations of tumor cells in me-
diastinal lymph nodes.

Lesions at the injection site: Gross lesions were observed
at the site of pristane and hybridoma cell injection in mice
of all test groups. Soft tissue masses in subcutaneous tis-
sues and in the abdominal wall musculature were observed
most frequently in mice of group 3C9. Masses were red-
dish to tan and ranged in size from approximately 0.2 cm3

to 0.6 x 0.6 x 0.3 cm. Intra-abdominal masses adhering to
the peritoneum at the injection site were observed in mice
of three test groups. These masses ranged in size from 0.3
x 0.2 x 0.1 cm to 0.6 x 0.6 x 0.1 cm. Microscopic examina-
tion of affected tissues indicated that these soft tissue

masses were composed of tumor cells proliferat-
ing at the injection site.

Lesions at the abdominal tap site: Gross lesions
were observed at the abdominal tap site in mice
from all test groups. Subcutaneous hemorrhage
was frequently observed, and muscle hemorrhage
was infrequently observed.

Subcutaneous soft tissue masses were observed
at the abdominal tap site only in SCID mice of
group RMK (60%). These lesions were character-
ized by raised, tan to white soft tissue masses
ranging from 0.2 to 1.0 cm2 in diameter. Micro-
scopic examination indicated that the tissue was
composed of tumor cells. Edema was observed in
the subcutaneous tissues and abdominal wall
musculature at the tap site only in SCID mice of
group RMK (20%).

Necropsy observations for selected mice: One
mouse of group 2B11 was euthanized on day 9.

Table 3. Change in body weight from study day 0 to tap 1

Group Day 0 Tap 1 % Increase

2B11 30.26 6 1.73 34.79 6 2.27 15.00 6 3.46
3C9 29.71 6 2.00 35.39 6 2.11 19.24 6 4.27
2C6D9 30.75 6 2.35 33.86 6 3.36 10.11 6 7.66
3D6 29.65 6 1.93 34.85 6 2.78 17.59 6 6.36
RMK 24.57 6 2.07 30.41 6 3.04 23.77 6 6.27

Mean (6 1 SD) body weights (g) and mean (6 1 SD) percentage increase
in body weight between day 0 and the before-tap weight at initial ab-
dominal tap are presented for each group.

Table 4. Posttap body weights and percentage decrease in
body weight at taps 1, 2, and 3

Tap 1 Tap 2 Tap 3

Group body wt % drop body wt % drop body wt % drop

2B11 30.79 6 2.15 11.50 28.27 6 2.56 6.04 28.89 6 2.79 5.24
Control 31.13 6 2.47 31.21 6 2.53 31.68 6 2.39

3C9 32.84 6 2.11   7.18 30.98 6 2.75 7.12 29.87 6 3.02 5.75
Control 31.39 6 2.37 31.88 6 2.53 31.78 6 2.43

2C6D9 30.36 6 2.91 10.23 27.79 6 2.38 5.61 27.61 6 1.62 3.47
Control 30.61 6 2.11 31.13 6 2.47 31.21 6 2.53

3D6 32.38 6 2.39   6.99 31.21 6 2.08 5.40 30.57 6 2.14 5.21
Control 31.92 6 2.56 31.96 6 2.54 32.19 6 2.78

RMK 27.80 6 2.46   8.45 29.66 6 3.21 4.31 30.36 6 3.45 6.99
Control 27.03 6 1.49 27.01 6 1.49 27.61 6 1.51

Mean (6 1 SD) posttap body weights for the test and control groups (g) at taps 1, 2, and 3
are presented. Control group body weight for each test group reflects mean body weight
of the control group on the mean study day on which the specific tap was performed for
the test group. Mean percentage decrease in body weight for test groups is based on be-
fore- and after-tap weights (% change) at taps 1, 2, and 3.
Data are expressed as mean 6 SD body weight and mean decrease (%) in weight.
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At necropsy, bilateral renomegaly, right hydroureter, and a
soft tissue mass at the neck of the bladder were observed.
On cross section the bladder wall was thick. On microscopic
examination, the bladder wall was diffusely invaded by
tumor cells, resulting in destruction of the normal archi-
tecture and luminal occlusion.

One mouse of group 2C6D9 was found dead on day 11.
At necropsy, a distended bladder and an irregular soft tis-
sue mass at the neck of the bladder were observed. On cross
section the bladder wall was thick, suggesting presence of
an intramural mass. Autolysis precluded histologic evalu-
ation of tissues.

Two mice of group 3D6 remained clinically normal and
did not produce ascites. Lesions observed at necropsy in
one mouse included a large, thin-walled, cystic mass in the
left caudolateral portion of the abdomen, and a second mass
attached to the cystic mass. The other mouse had two soft
tissue masses in the mesentery of the descending colon,
hepatomegaly, renomegaly, multiple plaques within the dia-
phragm, and a soft tissue mass at the base of the heart.

Discussion
Results of this study indicate appreciable clinicopatho-

logic changes in mice associated with MAb production via
growth of ascitic tumors. A variety of pathologic processes
were identified in association with various aspects of the
production technique.

Pristane, a hydrocarbon derived from mineral oil, is the
ascitogenic agent most frequently used to “prime” the peri-
toneal cavity for successful growth of hybridomas as ascitic
tumors. In mice that do not receive a priming agent prior to
hybridoma cell inoculation, solid tumors may form, but little
or no ascites fluid is produced (4, 19–21). The reported bio-
logic effects of pristane given i.p. in mice include induction
of granulomatous inflammation in the peritoneum (22, 23),
immunosuppression (24, 25), induction of growth factors (22,
26), lymphatic obstruction by oil-laden neutrophils and mac-
rophages (23), and reduced clearance of particulate materi-
als and cells from the peritoneal cavity (27).

Peritonitis is known to cause abdominal pain in animals
and in humans (28, 29); therefore, it is reasonable to specu-
late that induction of granulomatous peritonitis subsequent
to i.p. administration of pristane may cause pain or dis-
tress in mice. A transient decrease in food intake and ex-
ploratory behavior lasting 12 h has been reported in mice
after injection of pristane (30). Injection of large volumes
of pristane has been associated with weight loss, hunched
appearance, and inactivity (7). Recommended dose volumes
for pristane and alternative ascitogenic priming agents
have been reviewed (31).

Clinical abnormalities and significant differences in body
weights between test and control mice were not observed
during the 2 weeks after injection of pristane. These find-
ings suggest that i.p. injection of 0.5 ml of pristane may
not cause clinically detectable morbidity. However, body
weights were recorded once weekly during this period, so
the possibility that there could have been a transient de-
crease in body weights within the first or second week af-
ter pristane injection cannot be definitely ruled out. Re-

sults of this study also suggest that pristane is unlikely to
support bacterial growth under routine storage and use
conditions. This information is of particular importance
with regard to pristane use in SCID or other immunodefi-
cient mice.

Subcutaneous nodules at the site of pristane injection
were observed in 8% of the mice. These nodules decreased
in size or became clinically inapparent over time in greater
than half of the mice. On the basis of observations of granu-
lomatous inflammation induced by pristane (22, 23), it is
suspected that these nodules were granulomas induced by
deposition of a small amount of viscous pristane along the
needle track during i.p. injections. Subsequent resolution
of the granulomas may have accounted for the reduction in
nodule size over time in some mice.

Subcutaneous nodules were also observed at the site of
hybridoma cell inoculation. These nodules increased in size
over time in greater than half of the affected animals, and
histologic examination revealed subcutaneous foci of tu-
mor growth. Hybridomas have been previously reported to
grow in subcutaneous sites (2, 32–34). Tumor growth within
the abdominal wall musculature at the injection site also
was observed. Tumor growth at these sites likely resulted
from the deposition of hybridoma cells along the needle
track during i.p. injections. The greater prevalence of tu-
mor growth at the injection site in mice of group 3C9 sug-
gests that this hybridoma may have a greater propensity
for growth in subcutaneous or intramuscular sites.

Solid tumor masses were observed with greatest fre-
quency in the left caudal ventrolateral portion of the abdo-
men, and some tumors were attached to the peritoneum at
the injection site. These findings suggest that solid tumor
growth begins locally, at the site of hybridoma cell injec-
tion. Dividing the hybridoma inoculum for administration
at more than one site may result in the growth of multiple
smaller tumors instead of the large solitary tumors most
frequently observed in this study. The potential benefit to
the mouse, if any, and impact on ascites production needs

Figure 2. Body weight of mice with ascites over time for hybri-
doma cell line 2B11.
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to be determined.
Necropsy and histologic findings for the two mice that

died or were euthanized after hybridoma cell inoculation
(2 of 100 mice or 2%) indicated intramural tumor within
the bladder wall. Inadvertent injection of hybridoma cells
into the wall of the bladder could potentially account for
the apparent rapid infiltrative tumor growth at this site.

The onset of clinical abnormalities, such as rough coat
and hunched posture, was associated with initial develop-
ment of ascites, and probably tumor growth, as determined
by the progressive increase in abdominal distention and
body weight. In humans, mild ascites is often asymptom-
atic and generally not painful, but large amounts of as-
cites can cause severe abdominal discomfort, respiratory
distress, anorexia, nausea, heartburn, and difficulty in
ambulation (29, 35). Ascites may also cause abdominal pain
in animals (28). Increased abdominal pressure created by
ascites may result in cranial displacement of the dia-
phragm, which decreases ventilatory capacity and compro-
mises gas exchange. Additionally, increased abdominal pres-
sure can lead to abdominal venous stasis and decreased
arterial blood pressure and renal blood flow (28). Respira-
tory distress and difficulty in ambulation were not observed
in our mice with ascites, suggesting that abdominal taps
were performed prior to development of excessive accumu-
lations of ascites fluid. Presence or absence of anorexia in
the mice could not be determined because animals were
group housed and food consumption was not monitored.
The relationship of the observed clinical signs to discom-
fort or pain, if any, is subjective.

Mean percentage increase in body
weight between day 0 and pre-tap
weight at initial abdominal tap, for
all groups of test mice combined, was
17.4%. This figure correlates well
with the UKCCCR guidelines (8),
which state that ascites volumes
should not usually exceed 20% of
normal body weight. The plateau in
mean body weight in the 2 days im-
mediately preceding tap 1, as illus-
trated graphically for group 2B11
(Figure 2), suggests that additional
delay in paracentesis would not have
resulted in collection of greater as-
cites volumes. The plateau in body
weight may indicate that there was
little further distensibility in the
abdominal wall, and consequently,
the pressure created by the accumu-
lated fluid may have prohibited fur-
ther ascites production. The timing
of abdominal taps has generally
been based on subjective assessment
of the degree of abdominal disten-
tion (20, 21, 36–38). Monitoring body
weight provides an additional and
objective means to assist determina-
tion of the appropriate timing for ab-

dominal taps.
Although differences between groups were significant,

the general progression of clinical abnormalities over time
among groups was similar. The differences that were ob-
served between groups in incidence, severity, and rapidity
of progression of clinical abnormalities during the study
did have significant impact on survival, and ultimately, on
the amount of antibody produced (15).

The clinical abnormalities that appeared to have the great-
est impact on survival were those observed immediately after
abdominal paracentesis. These abnormalities included rough
coat, hunched posture, decreased activity, tachypnea, dysp-
nea, and pallor. These abnormalities were not observed in
control animals after sham paracentesis, suggesting that
these signs were associated with the removal of ascitic fluid,
rather than with stress resulting from restraint and para-
centesis. Definitive correlation could not be made, however,
between the magnitude of the percentage decrease in body
weight at the time of abdominal taps and presence or ab-
sence of clinical abnormalities after paracentesis.

The clinical abnormalities observed after paracentesis
were compatible with signs of circulatory shock. Rapid or
repeated removal of ascitic fluid in humans has been asso-
ciated with hypotension (29), hypovolemia from compen-
satory fluid shifts (29, 35, 39), and protein depletion (39).
Similar complications have been observed in animals after
removal of ascitic fluid (40). In this study these signs were
most often transient, suggesting that the mice were able to
compensate via physiologic mechanisms. The recommen-
dation for use of general anesthetics during abdominal

Table 5. Incidence of gross lesions at necropsy in mice with ascites

CAF1 mice SCID mice
Control 2B11 3C9 2C6D9 3D6 Control RMK

No. of mice    6 20 20 20 20 6 20
Mean day of necropsy  31 16 19 13 26 32 20

Abdominal cavity
  Ascites 0    0    0    0  0 0   3
  Hemoperitoneum 0    9 16  14 12  0 1
  Disseminated tumor 0 19 20 18 17 0 19
  Solid tumor mass 0 13 13  10 19              0              3
  Peritesticular mass 0    3 11 0   5 0 1
  Adhesions 0 12    2 9 12 0 1
  Diaphragm-nodules 0    0    1 4   1 0  17
  Diaphragm-plaques 0    0 10 0 12 0 0
  Hepatomegaly 0    4    1 2    7 0 2
  Splenomegaly 0    2    5 0    7 0 6
  Renomegaly 0    1    0 0    3 0 1
  Ureter dilated 0    1    1 0    0 0 1
  Bladder distended 0    0    0 2    1 0 1
  Bowel dilated 0    0    0 0    5 0 0
  Ventral edema 0    0    0 0    0 0 7

Thoracic cavity
  Enlarged lymph nodes 0 12    9 0 11 0 9
  Mediastinal mass 0    0    0 0    1 0 3

Injection site
  Subcutaneous mass 0    2 10  1    2 0 4
  Abdominal wall mass 0    1 10  0    1 0 2
  Peritoneal mass 0    3    1     0    0 0 2

Abdominal tap site
  Subcutaneous hemorrhage 0 18  20 16 17 0  18
  Muscle hemorrhage 0 3 0 3   2 0 0
  Subcutaneous mass 0 0 0 0   0 0  12
  Edema 0 0 0 0   0 0 4

For each gross lesion, incidence is presented as the total number of mice in each group that had the
indicated lesion. Detailed descriptions of each gross lesion are provided in the text.
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paracentesis in mice might be questioned in view of these
findings, because many general anesthetic agents cause
myocardial depression (41) and hypotension (42), and could
potentially exacerbate existing cardiovascular deficits.
General anesthetics are not routinely used for abdominal
paracentesis in human or veterinary clinical practice, al-
though local anesthetic agents are sometimes used. Sup-
portive therapy, such as supplemental oxygen and warm
fluids for volume expansion, could be considered but may
be of questionable practicality.

All mice of this study that died did so within 30 min af-
ter abdominal tap, with the exception of one mouse that
died early in the study. These findings point to the need for
careful observation of animals for at least 30 min after ab-
dominal paracentesis to permit identification of animals
with severe or persistent posttap clinical abnormalities that
warrant humane euthanasia. Careful clinical monitoring
and appropriate use of euthanasia were successful in pre-
venting mortality at other time points during this study,
and were essential for providing humane animal care.

Overall survival to tap 3 for all groups combined was
79%, which is significantly higher than the reported 10 to
25% survival (4). This further supports the value of fre-
quent and careful clinical monitoring, assessment of the
degree of abdominal distention, and timely performance of
abdominal paracentesis in reducing mortality. It should also
be noted that clinical observations were made and abdomi-
nal taps were performed as necessary 7 days a week, in-
cluding weekends and holidays. Greater survival also posi-
tively impacts total antibody production (15).

Six of 100 mice died during this study, for an overall
mortality of 6%. Mortality ranged from 0 to 25% among
groups. These findings suggest that, even with frequent and
careful clinical observations, some mortality may occur, and
significant differences in mortality may be observed be-
tween various cell lines. The most severe and rapidly pro-
gressive clinical abnormalities, shortest duration of sur-
vival, and highest mortality were observed in mice of group
2C6D9. The ascites fluid obtained from mice of this group
often was markedly hemorrhagic. Observation of hemor-
rhagic ascites with subsequent anemia and death of ani-
mals has been reported (43). Necropsy observations for

animals of this group did not indicate pathologic changes
that were significantly different from those in mice of other
groups. Extensive histologic examination of tissues from
these mice might have provided more insight into patho-
logic mechanisms. A consideration for use of cell lines such
as this one that induce rapid onset and severe clinical ab-
normalities would be to use a smaller cell inoculum with
the intent of trying to slow the onset and progression of
ascites production and tumor pathology.

Clinical abnormalities in mice of group RMK were the
least severe and most slowly progressive, and all mice of
this group survived to the end of the study. The ascites fluid
collected from these animals was generally clear, and he-
moperitoneum was not observed at necropsy. It was the
impression of the first author that a number of the mice in
this group could have had one additional tap without un-
duly compromising their clinical condition.

Results of clinical observations and abdominal tap in-
tervals observed in this study indicate variability among
cell lines and among individual animals within groups;
therefore, decisions regarding the timing of abdominal taps,
the total number of abdominal taps performed, and the time
of euthanasia need to be made for each individual animal
on the basis of an ongoing assessment of the animal’s clini-
cal condition.

Gross lesions observed at necropsy clearly indicated ap-
preciable pathologic changes in these mice associated with
MAb production from ascitic tumors. Hemoperitoneum
could have resulted from trauma associated with paracen-
tesis, or may have resulted from erosion of blood vessels,
which has been documented for invasive abdominal plas-
macytomas with associated hemoperitoneum (44, 45). Ab-
dominal adhesions were also commonly observed. All mice
had disseminated intra-abdominal tumor and/or solid tu-
mor masses. The sites of tumor growth suggested appar-
ent tropism for abdominal fat, particularly mesenteric fat.
Previous studies have indicated that some murine ascites
tumors secrete vascular permeability factor, which renders
peritoneal lining microvessels hyperpermeable to plasma
fibrinogen. Extravasation of fibrinogen into the peritoneal
cavity and subsequent formation of extravascular fibrin
deposits provided a matrix that trapped tumor cells and

Figure 3. Disseminated tumor in the abdominal cavity of a mouse
used for monoclonal antibody production.

Figure 4. Solid tumor mass in the abdominal cavity of a mouse
used for monoclonal antibody production.
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favored their attachment to peritoneal lining tissues, such
as the mesentery, peritoneal wall, and diaphragm (46–48).

Presence of subcutaneous tumor at the tap site of mice
in group RMK suggests that tumor cells seeded the subcu-
taneous tissues during paracentesis. The relationship, if
any, between presence of subcutaneous tumor and persis-
tent leakage of ascites from the tap site, observed only in
this group, is unknown. Chronic leakage of ascites from
paracentesis sites has been observed after repeated para-
centesis in people with cirrhosis (39). Dependent subcuta-
neous edema was observed only in SCID mice of group
RMK. This finding may be related to a greater tendency
for development of hypoproteinemia in SCID mice result-
ing from the combination of normally lower serum total
protein concentration related to agammaglobulinemia, and
the loss of large quantities of albumin in ascites. Albumin
concentration in mouse ascites fluid has been reported to
be 1.1 to 1.8 g/dl (49), and hyperpermeability of peritoneal
lining microvessels with extravasation of plasma proteins
into the peritoneal cavity has been documented for some
ascites tumors in mice (46, 47).

Histologic evaluation of enlarged mediastinal lymph
nodes revealed tumor cells within these nodes. Metastasis
of tumor cells from the abdominal cavity to the thoracic
lymph nodes, presumably via the lymphatics, has been re-
ported for plasmacytomas (44, 45).

Gross necropsy observations for the two mice of group
3D6 that failed to develop ascites indicated that despite
appreciable pathologic changes in the abdomen and tho-
rax, mice can continue to appear clinically normal. Devel-
opment of nonsecreting solid tumors rather than ascitic
tumors (21) and descriptions of <100% development of as-
cites in mice after injection of pristane and hybridoma cells
(6) have been described. The overall incidence of mice that
did not produce ascites was 2% for those that survived to
the time of ascites development.

Overall, these data suggest that the clinical condition of
mice with ascites generally worsens over time in associa-
tion with progressive tumor growth, ongoing ascites pro-
duction, and repeated abdominal paracentesis. Despite pro-
gressive tumor growth and ascites production, post-tap body
weights of the mice after the initial abdominal tap gener-
ally decreased over time, suggesting a significant loss of
body mass in the face of increasing weight contribution by
the tumor. Group-RMK mice were an exception in that post-
tap body weights continued to increase from taps 1 through
3, suggesting that the clinical condition and body mass of
these mice were maintained in the face of increasing weight
contribution by the tumor.

Abdominal carcinomatosis in humans and animals is
generally associated with progressive weakness, debilita-
tion, and cachexia (28, 29). Abdominal carcinomatosis in
humans has also been reported to be painful (29), and the
potential for abdominal distention and pain induced by an
increasing abdominal tumor mass in mice has been ad-
dressed (5, 6, 8) and should be considered in these animals.
Although abdominal pressure may be at least temporarily
reduced by removal of ascitic fluid, the tumor remains and
continues to increase in mass over time. In view of all these

findings, it is clear that MAb production in murine ascites
is not a benign process, and the authors have to assume
that there must be distress associated with this process.
On the basis of the clinical appearance of most animals by
tap 3, the authors suggest that, as a general recommenda-
tion, three abdominal taps per animal should be consid-
ered maximum, but that additional taps could be consid-
ered for cell lines with clinical effects similar to those ob-
served for group-RMK mice.

Others have reported significant differences in the behav-
ior of different hybridoma cell lines in mice (4), and differ-
ences between cell lines were observed in this study. Because
only five cell lines were evaluated in this study, these re-
sults likely do not encompass the range of biologic behav-
iors possible among different hybridoma cell lines. Differ-
ences observed between groups of CAF1 mice and SCID mice
cannot be differentiated solely on the basis of difference in
the strain of mouse or difference in the hybridoma cell line.

In conclusion, results of this study indicate significant
clinicopathologic changes in mice associated with MAb pro-
duction in ascites. Procedural parameters affecting MAb
production in murine ascites and in vitro alternatives avail-
able for laboratory scale growth of hybridoma cells have
been reviewed (15, 31). Every attempt should be made to
improve procedural protocols to reduce the potential for
pain and distress in the animals and to maximize produc-
tion so that the smallest number of animals can be used
without compromising humane care. In vitro alternatives
for MAb production should be used whenever feasible.
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Published literature is replete with information regard-
ing in vivo production of monoclonal antibodies (MAbs) in
murine ascites. Numerous parameters have been identi-
fied that may affect MAb production and/or the likelihood
of causing severe clinical abnormalities, pain, distress, or
death in the animals as a result of the procedures used.
These parameters have been reviewed (1, 2) and include
hybridoma cell line used (3); stock or strain (3–5), sex, and
age (3, 6–8) of mouse selected; volume of pristane (2, 7, 9–
11) or other ascitogenic priming agent administered (8, 12–
14), and timing of pristane or other ascitogenic priming
agent administration in relation to hybridoma cell inocula-
tion (3, 7–9, 12–16); hybridoma cell inoculum used (3, 7, 8,
17); frequency and total number of abdominal taps performed
to collect the ascitic fluid (3, 6, 18–20); method used to per-
form the abdominal taps (3, 7, 12); and frequency of clinical
observations and criteria for euthanizing animals (20).

Unfortunately, there is lack of consensus regarding opti-
mization of many procedural parameters for producing MAbs
in murine ascites, and it is difficult to make meaningful com-
parisons between studies because of variations in the afore-
mentioned procedural parameters, known variability in the
biological behavior and production characteristics of vari-
ous hybridoma cell lines, and differences in the specific pro-
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Objective: To characterize monoclonal antibody production parameters of five hybridoma cell lines in murine
ascites for correlation with clinicopathologic changes in mice.

Methods: Five hybridoma cell lines were grown in groups of 20 mice. Fourteen days prior to inoculation
with 106 hybridoma cells, mice were primed with 0.5 ml of pristane given intraperitoneally. Ascites fluid was
collected a maximum of three times by abdominal paracentesis; volume was measured and antibody concen-
tration was determined by ELISA for each sample.

Results: Trends differed among cell lines when comparing ascites volumes and antibody concentrations
over time from the first to the third tap. Antibody production was greatest at tap 1 for Groups 2B11 and
2C6D9; tap 2 for Group 3C9; and tap 3 for Groups RMK and 3D6. Total antibody production ranged from 422.90
to 996.64 mg; total ascites fluid volume ranged from 74.2 to 115.7 ml; and mean antibody concentration for taps
1, 2, and 3 ranged from 2.50 to 15.03 mg/ml among cell lines.

Conclusion: Production characteristics were significantly different among hybridoma cell lines. Determi-
nation of production characteristics of hybridomas and correlation with clinicopathologic changes in mice
may be valuable in making recommendations for managing mice with ascites.

duction parameters evaluated. The experimental regimen
used in this study was selected based on the following crite-
ria: that antibody production be maximized, that the regi-
men be representative of current practices in use in aca-
demic and industrial settings, and that the selected proce-
dures be in compliance with guidelines established by the
Institutional Animal Care and Use Committee.

Published production characteristics of hybridoma cell
lines are generally limited to total ascites fluid volume,
mean volume of ascites/mouse, mean antibody concentra-
tion or titer, and total antibody produced. Rarely have dif-
ferences in production parameters of cell lines been com-
pared over time from the first to the last abdominal tap (3,
8), and to the authors’ knowledge, there has been no com-
prehensive study to evaluate clinicopathologic changes in
mice and associated production characteristics of individual
hybridoma cell lines. With the view that such information
may be valuable in formulating recommendations for man-
aging mice with ascites in a manner to maximize antibody
production while minimizing potential for pain and distress
associated with the procedure, we sought to compare pro-
duction characteristics and associated clinicopathologic
changes in the mice over time among five hybridoma cell
lines, using a standardized protocol.

Materials and Methods
Materials and methods for this study have been described

in detail in a companion article (20). In brief:
Hybridoma cell lines: Five hybridomas were evaluated

(20). Hybridomas representative of varied plasmacytoma
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fusion partners, varied isotypes of secreted antibody to in-
clude IgM and IgG, different subclasses of IgG, and mouse
x mouse and rat x mouse hybridomas were used.

Animals: The mouse x mouse hybridomas were grown
as ascitic tumors in 20 CAF1/J male pathogen-free mice
(The Jackson Laboratory, Bar Harbor, Maine). The rat x
mouse heterohybridoma was grown as ascitic tumors in 20
Fox Chase SCID, C.B-17/IcrTac-scidDF male pathogen-free
mice (Taconic Farms, Germantown, N.Y.). The protocol for
animal use was approved by the MIT Committee on Ani-
mal Care.

Pristane priming: On study day –14, each mouse re-
ceived a single i.p. injection of 0.5 ml of pristane (2,6,10,14-
tetramethylpentadecane; Sigma Chemical Co., St. Louis,
Mo.) given in the caudal left quadrant of the ventral por-
tion of the abdomen.

Hybridoma cell inoculation: Storage conditions, cul-
ture media, expansion of hybridoma cells, and preparation
for inoculation have been described (20). Briefly, cells were
expanded in static culture to provide >20 x 106 cells in loga-
rithmic growth phase for each group of mice. Antibody se-
cretion into the cell culture supernatant was verified by
use of an antigen-specific enzyme-linked immunosorbent
assay (ELISA) for each hybridoma cell line prior to inocu-
lation into mice.

On study day 0, a hybridoma cell suspension containing
2 x 106 live cells/ml of basal cell culture medium was pre-
pared. Each mouse received a single i.p. injection of 106

live cells in a total volume of 0.5 ml of basal culture me-
dium. All injections were administered in the left caudal
quadrant of the ventral portion of the abdomen.

Abdominal paracentesis: Abdominal paracentesis was
performed when moderate abdominal distention was vis-
ible. Abdominal taps were performed every 1 to 3 days on
the basis of clinical appearance of each mouse and the rate
of ascites production as assessed by the degree of abdomi-
nal distention. The procedure was performed on each mouse
a maximum of three times.

Paracentesis was performed aseptically, using a sterile
18-gauge, 1.5-in needle inserted into the peritoneal cavity
through the left lateral abdominal wall. Ascites fluid was
collected via gravity flow by permitting the fluid to drip
from the hub of the needle, and directly from the paracen-
tesis site, into a sterile centrifuge tube. Gentle digital pres-
sure was applied to the abdomen, and the position of the
mouse was altered as needed to facilitate removal of the
ascites fluid.

The total volume of ascites fluid collected and the day of
collection were recorded for each tap for each mouse. Samples
were centrifuged at 550 X g for 10 min, and the resultant
volume of the supernatant was recorded for each tap for
each mouse. Samples were frozen at -208C until analysis.

Euthanasia: During the study, any animal with persis-
tent, severe clinical abnormalities that were interpreted to
be indicative of pain or distress or were suggestive that
the animal might not survive to the next observation pe-
riod was euthanized. Mice surviving to the third abdomi-
nal tap were euthanized just prior to paracentesis. Eutha-
nasia was performed by use of CO2 in accordance with ac-

cepted guidelines (21).
Antibody quantitation: Indirect antibody ELISAs were

used to screen the cell culture supernatant of hybridoma
cells for secreted antibody prior to inoculation of cells into
mice and to quantitate in absolute units the antigen-spe-
cific antibody in each ascites sample.

Preparation of antibody standards: The IgG MAb stan-
dards were purified from ascites fluid, using Affi-Gel Pro-
tein A MAPS II Kit (Bio-Rad Laboratories, Richmond, Ca-
lif.) per manufacturer’s instructions. The IgM MAb stan-
dards were purified, using 40% ammonium sulfate precipi-
tation of ascites fluid dialyzed against phosphate-buffered
saline (PBS), followed by reprecipitation by dialysis against
2% boric acid, pH 6.0. Antibody concentrations were deter-
mined by measuring optical density (OD) at 280 nm, using
the extinction coefficients for IgG (1.4) and IgM (1.2) OD
units equal to 1.0 mg/ml. Antibody was diluted in Tris-2%
bovine serum albumin (BSA; Boehringer Mannheim, In-
dianapolis, Ind.) buffer with 0.02% sodium azide and was
stored at 48C until used.

Quantitative indirect ELISA: Assays were developed, us-
ing techniques described by Catty and Raykundalia (22).
Briefly, checkerboard titrations were used to determine op-
timal antigen concentration. Antigens in PBS were adsorbed
overnight at 48C onto 96-well polyvinyl chloride plates
(Dynatech, Alexandria, Va.). The plates were washed with
deionized water three times and dried. Plates were blocked
with 0.2% BSA in PBS for 1 h at 20 to 228C (room tempera-
ture) to control nonspecific binding. The plates were washed
and dried, covered with parafilm, and stored at –208C. Ap-
propriate concentrations of alkaline phosphatase-conjugated
goat anti-mouse IgG and IgM and mouse anti-rat IgG (H&L)
(Boehringer Mannheim) were determined for each assay by
testing various concentrations of the standard curve dilu-
tions and selecting the concentration that provided the high-
est signal with the lowest background noise.

Construction of standard curves: Standard curves were
constructed, using concentrations of purified antibodies,
starting at 1 mg/ml with twofold dilutions to 25 ng/ml in
10% horse serum/PBS (JRH Biosciences, Lenexa, Kans.).
One hundred microliter samples were applied to the plate,
which was incubated at 378C for 2 h. Plates were washed
with 0.05% Tween 20 (Sigma Chemical Co.) in PBS three
times and dried. Specifically, 100 ml of the enzyme anti-
body conjugate dilution was added to each well, and plates
were incubated for 1 h at 378C. The plate was washed and
dried as described previously, and 100 ml of substrate (1
mg of p- nitrophenyl phosphate/ml [Sigma Chemical Co.]
in 0.1 M diethanolamine buffer, pH 9.8 [Sigma Chemical
Co.]) was added to the plate and incubated for 15 to 45 min
at room temperature until OD for the lowest dilution on

Table 1. Number and percentage of mice that were tapped

Cell line Tap 1 Tap 2 Tap 3

2B11 19/20 (95%) 19/20 (95%) 15/20 (75%)
3C9 20/20 (100%) 20/20 (100%) 18/20 (90%)
2C6D9 19/20 (95%) 17/20 (85%)  7/20 (35%)
3D6a 18/20 (90%) 18/20 (90%) 17/20 (85%)
RMK 20/20 (100%) 20/20 (100%) 20/20 (100%)
aTwo mice in group 3D6 did not produce ascites and were not tapped.
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the standard curve was 1 to 1.5 at 405 nm
by use of a Dynatech MR 7000 automatic
ELISA Reader (Dynatech, Alexandria, Va.).
The ELISA reader was programmed to cal-
culate the curve fit for the standards and
to determine the mean and SD of the du-
plicates, and concentration of antibody.

Statistical analyses: Differences among
means for ascites fluid volumes and antibody
quantitation were tested for statistical sig-
nificance, using a one-way repeated measures
analysis of variance (ANOVA) followed by
pairwise comparisons among group means,
using the Newman-Keuls test (23). The value
for determining statistical significance was
set at a = 0.05. Data are presented as mean,
with SD as a measure of dispersion.

Results
Number of mice tapped: The number

and percentage of mice in each group on
which taps 1, 2, and 3 were performed are presented in
Table 1. These data reflect the survival of mice with as-
cites in each group over time. It should be noted, however,
that two mice of group 3D6 did not produce ascites and so
were not tapped, but survived to tap 3. For all groups com-
bined, overall survival to tap 1 was 98%, to tap 2 was 96%,
and to tap 3 was 79%. Percentage of mice in all groups com-
bined that underwent taps 1, 2, and 3 ranged from 90 to
100%, 85 to 100%, and 35 to 100%, respectively. Four of the
five groups had $75% of the possible third taps performed.
For group RMK, no mice died or were euthanized during
the study; therefore, survival and percentage of mice that
underwent taps was 100% at all time points. The lowest
percentage was 35% for group-2C6D9 mice at tap 3.

Ascites fluid volumes: Total ascites fluid volumes (af-
ter centrifugation) collected at each tap for each group and
mean 6 1 SD volume per mouse are presented in Table 2.
Different trends were observed among groups when mean
ascites fluid volume per mouse was compared over time for
taps 1 through 3. For group 2B11, mean fluid volume per
mouse obtained at tap 1 (3.2 ml) was significantly greater
than mean volumes obtained at taps 2 and 3 (1.5 and 1.2
ml, respectively; P = 0.0001). For group RMK, mean vol-
umes were significantly greater at taps 1 and 3 (2.5 and
2.1 ml, respectively), compared with tap 2 (1.2 ml; P =
0.0094). For group 2C6D9, significant and progressive de-
creases in mean volume were observed from taps 1 through
3 (2.6, 1.2, and 0.6 ml, respectively; P = 0.0001). Significant
differences were not observed in mean volumes over time
for groups 3C9 (2.0, 2.1, and 1.6 ml, respectively) and 3D6
(2.1, 1.6, and 1.4 ml, respectively).

Ascites fluid volume summary data are presented in
Table 3. Group-RMK mice, which had 100% survival and
underwent 100% of possible taps, produced the largest to-
tal volume of ascites fluid. Group-2C6D9 mice, which had
the lowest survival and underwent the lowest percentage
of possible taps (72%), produced the lowest total volume of
ascites fluid. Mean volume per tap for taps 1, 2, and 3 com-

Table 2. Ascites fluid volumes and antibody quantitation

Total Total
Cell Tap No. of volumea  Volume Antibody antibody Antibody
line no. mice (ml) (ml/mouse)a conc (mg/ml) (mg) (mg/mouse)

2B11 1 19 61.4 3.2 6 0.73  3.61 6 1.18 229.30 12.07 6 5.13
2 19 27.7 1.5 6 0.74  4.32 6 1.30  116.93  6.15 6 3.60
3 15 18.6 1.2 6 0.84  6.36 6 1.99  108.27  7.22 6 4.97

Totals 107.7  454.50
3C9 1 20 40.5 2.0 6 0.80  2.50 6 1.20  104.14  5.21 6 3.29

2 20 41.0 2.1 6 0.72  6.12 6 1.56  237.36 11.87 6 3.57
3 18 28.0 1.6 6 0.87  3.84 6 1.01  104.07  5.78 6 3.48

 Totals     109.5  445.57
2C6D9 1 19 49.5 2.6 6 0.75  5.17 6 1.85 264.27 13.91 6 5.95

2 17 20.2 1.2 6 0.45  6.82 6 1.96  132.67  7.80 6 3.31
3  7  4.5 0.6 6 0.27  6.53 6 2.74   25.96  3.71 6 1.14

  Totals 74.2  422.90
3D6 1 18 37.5 2.1 6 1.28  3.83 6 1.58  121.56  6.75 6 4.07

2 18 28.3 1.6 6 0.89  6.25 6 1.69  163.17  9.06 6 4.86
3 17 24.5 1.4 6 1.06  7.56 6 2.38  204.63 12.04 6 9.11

  Totals 90.3 489.36
RMK 1 20 50.2 2.5 6 0.92  4.39 6 2.97  213.05 10.65 6 7.56

2 20 24.0 1.2 6 0.88  5.69 6 2.75  135.87  6.79 6 5.56
3 20 41.5 2.1 6 1.10 15.03 6 10.94 617.72 30.89 6 20.83

  Totals   115.7  996.64
aVolumes are postcentrifugation volumes.
Data are presented as mean 6 1 SD where applicable.

Table 3. Ascites volume summary data

Total Mean
Cell No. of Percentage volume volume/tap
line taps of tapsa (ml) (ml)

2B11 53  88 107.7 2.0
3C9  58  97 109.5 1.9
2C6D9  43  72  74.2 1.7
3D6 53 88  90.3 1.7
RMK  60  100  115.7 1.9
aPercentage of taps performed/possible maximum of 60

bined was similar among groups, ranging from 1.7 to 2.0
ml. For taps 1, 2, and 3, the percentage of the total volume of
ascites fluid collected that was discarded as cell pellets after
centrifugation ranged from 20 to 26% for group 2C6D9, 13
to 16% for group 2B11, 12 to 17% for group 3C9, 12 to 14%
for group 3D6, and 7 to 8% for group RMK.

Antibody concentration: Mean 6 1 SD antibody con-
centration for each tap for each group is presented in Table
2. Trends differed among groups in comparison of antibody
concentrations in ascites fluid over time from taps 1 through
3. For groups 2B11 and RMK, there were no significant
differences in antibody concentrations at taps 1 and 2; how-
ever, the concentrations were significantly greater at tap 3
(P = 0.0001, P = 0.0044, respectively). Mean concentrations
were 3.61, 4.32, and 6.36 mg/ml for group 2B11 and 4.39,
5.69, and 15.03 mg/ml for group RMK at taps 1, 2, and 3,
respectively. The large SD value (6 10.94 mg/ml) for mean
antibody concentration for group RMK mice at tap 3 re-
flects the marked variability in antibody concentrations
among individual mice, ranging from 0 to 44.45 mg/ml. For
group-3C9 mice, the mean concentration of antibody was
significantly greater at tap 2 (6.12 mg/ml; P = 0.0001), com-
pared with taps 1 (2.50 mg/ml) and 3 (3.84 mg/ml). For group-
3D6 mice, there was a significant and progressive increase
in mean antibody concentration from taps 1 through 3 (3.83,
6.25, and 7.56 mg/ml, respectively; P = 0.0001). For group-
2C6D9 mice, mean concentrations at tap 2 (6.82 mg/ml) and
3 (6.53 mg/ml) were significantly (P = 0.0003) greater than
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mean concentration at tap 1 (5.17 mg/ml).
Total antibody production and mean production per

mouse: Total antibody production and mean antibody pro-
duction (milligrams per mouse) for each tap and group (Table
2) reflect combined contributions of ascites fluid volumes
and antibody concentrations. For groups 2B11 and 2C6D9,
total antibody production was significantly (P = 0.0015 and
0.0017, respectively) greater at tap 1. For group 2C6D9, pro-
duction at tap 2 was significantly (P = 0.0017) greater than
that at tap 3. For group 3C9, production was significantly
greater at tap 2 (P = 0.0037), and for groups RMK and 3D6,
production was significantly (P = 0.0047 and P = 0.0116,
respectively) greater at tap 3. For group 3D6, production
at tap 3 was significantly (P = 0.0116) greater than that at
tap 1, but production at taps 2 and 3 were not significantly
different.

Total antibody produced was 454.50 mg for group 2B11,
445.57 mg for group 3C9, 422.90 mg for group 2C6D9, and
489.36 mg for group 3D6. The greatest production was
achieved in group-RMK mice, in which 996.64 mg of anti-
body was produced.

Cumulative antibody production in ascites: Cumu-
lative antibody production over time for each group is pre-
sented in Figure 1. Production began for each group at the
time the first mouse was tapped. Considerable variability
in production time was observed among groups. Production
was complete by day 15 for groups 2B11 and 2C6D9, whereas
production for group 3D6 was just beginning on day 15 and
extended until day 31. Production began on day 14 for group-
3C9 mice and was complete on day 21. Production began on
day 13 for group-RMK mice and was not complete until day
31. The flat slope of the production line for group-RMK mice
from approximately day 22 through day 31 indicates that
mice producing ascites late in time (after day 22) contrib-
uted little to total antibody production.

Discussion
Results of this study indicate that duration of survival

of the mice, number of abdominal paracentesis procedures,
volume of ascites fluid collected, and antibody concentra-
tion of ascites fluid impact total antibody production.

Increased survival of mice positively impacts total anti-
body production; direct correlation was observed between
percentage of possible taps performed and total ascites fluid
volumes for the five hybridomas studied. The greater the
percentage of possible taps performed, the greater the to-
tal volume of ascites fluid collected. The percentage of pos-
sible taps performed as a measure of survivability was gen-
erally higher in this study, compared with that of another
published report (3).

Significant variability in the onset and rate of develop-
ment of ascites in individual animals within a single hy-
bridoma cell line, as well as between different hybridoma
cell lines, has been documented (20); it is important to
emphasize that clinical assessment must be individualized
for each mouse. Frequent and careful clinical monitoring,
assessment of the degree of abdominal distention, and
timely performance of abdominal paracentesis are valuable
in reducing mortality (20).

An inverse relationship between number of hybridoma
cells inoculated and time interval between cell inoculation
and onset of ascites production, as well as duration of sur-
vival of the mice, has been reported (3, 7, 8). These findings
suggest that, for smaller cell inocula, tumor burden and as-
cites production may increase more slowly, permitting the
animal more time for physiologic adaptation and hence in-
creased survivability, and presumably decreased potential
for pain and/or distress, with more slowly progressive patho-
logic changes. Literature recommendations for optimal hy-
bridoma cell inocula vary from 5 x 105(3) to 0.6 to 3.2 x 106

(7) to 107 (17) cells. The disparity in these results suggests
that optimal cell inocula likely vary among cell lines. Higher
cell inocula result in earlier onset of ascites production and
earlier mortality; lower cell inocula result in fewer mice de-
veloping ascites and lower ascites fluid volume yields. De-
creasing the inocula for cell line 2C6D9, which caused rapid
and progressive lesions and high mortality prior to tap 3
(20), would be one consideration for increasing survivability
of mice inoculated with this hybridoma. The optimal cell
inoculum would be one for which all mice develop ascites
and which has good survivability and ascites yields, thereby
positively impacting antibody production with appropriate
consideration for animal welfare. The volume in which the
hybridoma cells are suspended may also affect production
because cells in 0.5 ml of medium result in increased pro-
duction, compared with the same number of cells in a smaller
volume of 0.2 to 0.3 ml (8).

The number of abdominal taps permitted per mouse af-
fects total antibody production. A maximum of three taps
per mouse was performed. All mice of group RMK survived
to the third abdominal tap. In addition to maintaining good
clinical condition and body weight over time without evi-
dence of pain or distress (20), these mice had high concen-
trations of antibody in ascites fluid from the third abdomi-
nal tap. Approximately two-thirds of the total antibody pro-
duced by this group was obtained from ascites fluid from
tap 3. If concentrations remained high, subsequent taps, if

Figure 1. Cumulative antibody production over time.
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performed, may have yielded considerably more antibody.
These findings should be taken into consideration by In-
stitutional Animal Care and Use Committees. If, for ex-
ample, the number of abdominal taps had been restricted
to a single procedure, 93 mice would have been needed to
produce the equivalent amount of antibody obtained from
20 mice in three taps. Increasing antibody concentration
in ascites fluid from successive abdominal taps has been
reported by others (3, 7, 8).

Contrary to the example provided by group RMK, there
may be cell lines in which antibody production is sufficiently
greater at early taps, or progression of pathologic changes
is sufficiently rapid or severe to warrant euthanasia at the
first or second tap. For cell line 2C6D9, 94% of the anti-
body produced was obtained from ascites fluid at taps 1
and 2. Only 35% of the mice in this group survived to tap 3.
Euthanasia at tap 2 would be a consideration for future
use of this cell line.

These results suggest that decisions on limitation of the
number of abdominal taps performed would best be made
in view of the clinical condition of the mice and antibody
production parameters, to include ascites fluid volumes and
antibody concentration for taps over time. Although lot-to-
lot variation in murine ascites production parameters has
been observed within the same cell line (3), the potential
usefulness of quantitating production by tap is clearly ap-
parent and, taken together with clinical observations, may
be useful in assisting management decisions regarding the
number of abdominal taps to be performed, particularly
for cell lines that are used repeatedly. Although limiting
the number of abdominal taps may provide greater assur-
ance that the potential for pain and/or distress are mini-
mized, larger numbers of animals will likely need to be used
to satisfy antibody production requirements. On the basis
of the clinical appearance of most animals by tap 3, it is the
authors’ opinion that, as a general recommendation, three
abdominal taps should be considered maximum, but that
additional taps could be considered for cell lines with clini-
cal effects and production parameters similar to those for
group-RMK mice. It should be emphasized, however, that
regardless of the maximal number of permissible taps, deci-
sions for the timing of euthanasia should be made on the
basis of ongoing clinical assessment of individual animals.

Results of this study indicate that the trends in ascites
fluid volume and antibody concentration over time from
the first to the third abdominal tap may differ significantly
for different hybridomas. This factor contributes to the dif-
ficulties in formulating general recommendations for man-
aging mice with ascites. Although it is difficult to make
meaningful comparisons with literature regarding antibody
production parameters because of the significant variabil-
ity in many of the procedural parameters used in those stud-
ies and the known variability among hybridoma cell lines,
the production parameters reported here, including ascites
fluid volume, antibody concentration, and total antibody
production, compare favorably to those of other published
reports (3, 7, 8, 24). The volume of ascites fluid collected per
tap per mouse is, however, in some instances smaller in our
report than in other published reports. This may have re-

sulted from the care taken to ensure that ascites fluid accu-
mulation in the animals did not become excessive.

In this study, abdominal paracentesis was performed via
gravity flow. A vacuum aspiration technique also has been
described and has been considered advantageous on the
basis of more thorough removal of ascites fluid in a shorter
period, with potentially less stress and trauma on the ani-
mals (3). More thorough removal of ascites may contribute
to increased volume of ascites fluid collected, and hence
increased production.

Many alternatives are available for laboratory-scale
growth of hybridoma cells in vitro, and the available meth-
ods have been reviewed (25–27). In vitro methods include
stationary cultures in T-flasks and suspension cultures in
roller bottles and spinner flasks (24, 28, 29). Other techniques
include growth of cells in dialysis tubing in a culture bottle
(30), a roller bottle-like apparatus (31) or tumbling chamber
(32), and use of oscillating bubble dialysis chambers (33) or
gas-permeable tissue culture bags (34). Laboratory-scale
stirred tank reactors (35, 36), fermentors (33, 37), ceramic-
matrix bioreactors (38), packed-bed bioreactors (39), and
hollow fiber bioreactors (38, 40–42) are also in use. Three of
the hybridomas evaluated in this study were successfully
grown in vitro in hollow fiber bioreactor systems, and com-
parisons have been made between antibody production in
the bioreactor systems and in mice (42). Antibody produced
in the bioreactor systems in 65 days was equivalent to pro-
duction in 4 to 48 mice, dependent on hybridoma cell line
and bioreactor system used.

Every attempt should be made to improve procedural
protocols to increase survival of the mice in an attempt to
maximize production so that the smallest number of mice
can be used without compromising humane animal care.
Because hybridomas generally grow well and secrete large
amounts of antibody in the microenvironment of the pris-
tane-primed mouse peritoneal cavity, future studies should
be designed to identify the specific factors involved in the
enhancement of cell growth and secretion at this site, and
to explore potential applications of this information to en-
hance antibody production in in vitro production systems.
Refinements in procedural techniques for monoclonal an-
tibody production in murine ascites have been reviewed (1,
2) and should be applied as long as mice continue to be
used for antibody production. In vitro alternatives for MAb
production should be used whenever feasible.
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