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Raw ginger root juice (Zingiber officinale) produces a 

biphasic contractile response in isolated mouse uterine 

tissue under resting baseline tension 

 
Max Dehaan and Teresa Degolier 

 
Abstract 
Ginger root (Zingiber officinale) is an herbal supplement used to control severe nausea and vomiting 

during pregnancy. It is also prepared as a tincture to revitalize the uterus during labor. The purpose of this 

study was to determine if revitalizing the uterus involved changes in uterine contractile activity. Volumes 

of ginger root juice (20-1000 μL) were applied directly to isolated mouse uterine tissues in an organ bath 

under baseline conditions. At each volume, increases in contractile force occurred within five minutes (p 

< 0.001). Increases in contractile frequency were less remarkable (p = 0.5343). After five minutes, the 

greater volumes of ginger root juice inhibited all contractile activity. These results indicate that raw 

ginger root juice evokes a biphasic response as a function of time and treatment volume. This data would 

advocate for the revitalizing use of ginger root for calming uterine spasms rather than inducing labor.  
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1. Introduction 
Ginger (Zingiber officinale) is a flowering plant whose rhizome (herein root) has been widely 

used as a food additive in cooking [1]. Native to southeast Asia, ginger is now cultivated in a 

number of tropical countries including India, China, Nepal, Indonesia, and Thailand [2]. 

The therapeutic use of ginger root has been historically employed as a strong natural treatment 

for a number of health problems [3]. Today ginger root is highly valued for its anti-

inflammatory properties [4] and its effectiveness in treating and reducing motion sickness, 

postoperative vomiting, and pregnancy-induced nausea and vomiting [5, 6, 7].  

Some of the phytochemical constituents found in ginger root, namely the gingersols and 

shogoals, are considered to be the agents that reduce stomach upset and inhibit vomiting [3]. 

Others may work as cholinergic agents, promoting the movement of food through the 

intestinal tract in vivo, or as calcium channel antagonists, promoting the relaxation of K+ -

induced contracted intestinal tissues in vitro [8]. 

Ghayur and Gilani [9] demonstrated that ginger root relaxed K+ -induced contracted rat uterine 

tissues in vitro, yielding support for claims that ginger root reduces uterine spasms when in a 

pre-contracted state. With respect to its effect during parturition, ginger root has been called a 

uterine revitalizer [5]. The results from Ghayur and Gilani [9] may indicate that this 

revitalization is due to a soothing relaxation of smooth muscle, mediated by an agent in ginger 

root that acts as a Ca2+ channel antagonist. 

The purpose of the study herein was to apply raw ginger root juice to isolated mouse uterine 

tissues to determine if revitalizing the uterus might also involve changes in uterine contractile 

activity in tissues that were under resting baseline tensions, in contrast to tissues that were in a 

pre-contracted state [9]. The specific objectives were to 1) demonstrate if raw ginger root juice 

would contract uterine smooth muscle suspended under resting baseline tension; 2) if so, 

determine whether the responses were volume dependent for force and frequency of 

contractions; and 3) to determine if the contractile responses were biphasic as a function of the 

amount of time the tissues were exposed to the treatment as well as the volume of treatment 

given.  

 

2. Materials and Methods 

2.1 Ginger root 
Fresh ginger root (Zingiber officinale) was purchased at a local grocery store (St. Paul, MN). 

The entire root, unpeeled, was diced into small pieces and pulsed in a blender. The pulp was 

then collected in a mortar and pestle, and further ground into a paste.  



 

~ 819 ~ 

Journal of Pharmacognosy and Phytochemistry 

The paste was then squeezed through cheesecloth to filter out 

the fibrous components and to accumulate the raw juice from 

the ginger root. Excess pulp was disposed of and the juice was 

kept on ice for the remainder of the experiment and 

thoroughly mixed prior to each application.  

 

2.2 Specimens 

Eight virgin female mice, Mus musculus (outbred ICR CD-1), 

each weighing 25-30 g, were obtained from Envigo, Inc. 

(Indianapolis, IN). The mice were housed in cages in the 

Department of Biological Sciences of Bethel University (St. 

Paul, MN) and had access to water and standard mice chow 

ad libitum. All procedures were completed in accordance with 

the Institutional Animal Care and Use Committee of Bethel 

University.  

Twenty-four hours prior to uterine horn extraction, mice were 

given an injection of diethylstilbestrol (DES). DES is a 

synthetic non-steroidal estrogen agonist used to promote mice 

into the estrus stage of their estrous cycle [10], thereby 

increasing the responsiveness of the smooth muscle [11]. An 

epigenetic change induced by DES stimulates the formation 

of gap junctions and allows the uterus to function as a single-

unit of smooth muscle through endometrial thickening within 

the uterine wall [12].  

On the day of the experiment, fresh DeJalons Ringer’s 

solution (g/4 L: 36g NaCl, 1.68g KCl, 2g NaHCO3, 2g D-

glucose, and 0.32g CaCl2) was made to simulate extracellular 

fluid conditions. Mice were then euthanized via CO2 

asphyxiation, placed on a dissection board, and the uterine 

horns were removed through a 4 cm abdominal incision made 

cranially from the vaginal orifice. The two uterine horns were 

isolated from each mouse and a suture was tied on each end of 

a horn: one attached to a stationary rod for eventual placement 

into the organ bath, and the other for eventual attachment to a 

force transducer.  

 

2.3 Smooth muscle bath 

At the start of each experiment the organ baths were flushed 

multiple times with the DeJalons solution warmed to 32° C, 

and continually aerated with 95% O2/5% CO2 throughout the 

investigation. A prepared uterine horn was then lowered into 

the organ bath; the stationary rod was anchored into the bath 

and the other sutured uterine horn was attached to an 

isometric force transducer (MLT500, ADInstruments, 

Colorado Springs, CO), and placed under 0.8 g of tension [13]. 

The force transducer was connected to an amplifier and a 

PowerLab data acquisition system (ADInstruments, Colorado 

Springs, CO) that collected data from the tissue and translated 

the tissue’s contractile responses into visual waveforms.  

The tissue samples were equilibrated in individual baths for 

one hour with tissue washouts (or flushes) every 15 min, 

replenishing the system with fresh DeJalons. During this time, 

the tissues demonstrated spontaneous motility representative 

of healthy uterine smooth muscle under tension. Oxytocin at 

10-5 M was then added to elicit a control contractile response, 

as it is an endogenous hormone known to contract smooth 

muscle of the uterus [14]. Following a 10 min exposure to 

oxytocin, tissues were flushed again and allowed to return to 

their normal baseline spontaneous contractile rhythm before 

any further treatment.  

Each tissue was then given only one of the desired treatments 

(i.e. volumes of ginger root juice: 20, 100, 500, and 1000 μL) 

and left in the organ bath for approximately 25-30 minutes. 

Changes in uterine contractile force frequency were observed 

and recorded.  

 

2.4 Measurements 
All treatment applications were made after the completion of 

a full spontaneous motility cycle and under resting baseline 

tension (i.e. in a non pre-contracted state). Changes in 

contractile force were measured from the baseline to the 

maximal force produced within the first 5 min of treatment 

exposure. To control for the possible contribution that the 

tissue’s spontaneous motility might have on treatment 

responses, the contractile amplitude of these endogenous 

forces were considered as the control, or the “0” treatment. 

These contractile forces were also measured 5 min prior to the 

application of the ginger root juice. Furthermore, to normalize 

for the slight variation in the uterine tissue masses, each 

tissue’s maximal contractile response to any given applied 

volume of raw ginger juice was expressed as a percent of its 

initial contractile response to 10-5 M oxytocin. 

To determine changes in contractile frequency, the waveforms 

produced were counted 5 min prior to the application of the 

treatment and 5 min after.  

 

2.5 Statistical analyses 
The data was summarized as means ± SE for each treatment 

for both contractile forces (% Oxy) and contractile 

frequencies. Individual data were further analyzed using 

ANOVA for multiple comparisons among the means. 

Resulting p values < 0.05 were subjected to the Tukey-

Kramer post-hoc test (JMP 4.0, SAS Institute, Cary, NC) 

which indicated which means were considered to be 

significantly different from each other.  

 

3. Results 

3.1 Uterine contractile responses to oxytocin and ginger 

root 

All uterine tissues reported herein exhibited spontaneous 

motility before the application of either oxytocin or raw 

ginger root juice (Fig 1). Oxytocin evoked a persistent 

positive contractile response from uterine tissues which was 

typically maintained at ~70% of its maximal plateau profile 

until flushed with DeJalons solution approximately 10 min 

later. After the tissues regained their spontaneous motility, 

they did respond to given volumes of raw ginger juice as 

evidenced by changes in contractile force and frequency.  

 

In this 46 min selection, the addition of oxytocin (letter A) 

resulted in a strong contractile force of 37.73 mN as compared 

to the spontaneous motility force just prior of 4.92 mN. The 

dotted vertical line (letter B) indicates a tissue washout with 

fresh DeJalons. The addition of 20 μL raw ginger root juice 

(letter C) resulted in an increased contractile force greater 

than that observed in the spontaneous motility (from 18.77 

mN to 42.32 mN). For analysis, the default y-axis was 

converted to mN based upon calibration of the force 

transducer 

 



 

~ 820 ~ 

Journal of Pharmacognosy and Phytochemistry 

 
 

Fig 1: Typical contractile waveform responses following by the application of 10-5 M oxytocin and 20 μL raw ginger root juice as recorded from 

a single isolated mouse uterine horn. 

 

3.2 Change in uterine contractile force in response to raw 

ginger root juice. 

The control contractile amplitude (~ spontaneous motility) 

occurred with an average force of 21.97 ± 2.88 mN (n=14). 

There was an in increase in contractile force following the 

administration of 20 μL (35.06 ± 2.73 mN; n = 4), 100 μL 

(48.75 ± 5.60 mN; n = 4), 500 μL (61.68 ± 4.11 mN; n = 3), 

and 1000 μL (52.21 ± 3.33 mN; n = 3) raw ginger root juice. 

Fig 2 presents the mean ± SE contractile force response (% 

Oxy) for each volume of raw ginger root applied. All 

treatment responses were statistically greater from that of the 

control treatment (p < 0.001). The treatment responses 

themselves, however, were not volume dependent within the 5 

min assigned measurement parameters. 

 

 
 

Fig 2: Means ± SE uterine contractile force (% Oxy) in response to increasing volumes of ginger root juice. Each increase in volume resulted in 

a forceful contraction, statistically greater from “0” treatment (p < 0.001). The increases in contractile forces however, were not volume 

dependent within the 5 min assigned measurement parameters. 

 

3.3 Change in uterine contractile frequency in response to 

raw ginger root juice 

Fig 3 presents the mean ± SE contractile frequency responses 

to each volume of raw ginger root juice applied. After the 

application of 20, 100, and 500 μL, there was a noticeable 

increase in contractile frequency when compared to that of the 

control (4.82 ± 0.26 waveforms/five min). It would appear 

that the 1000 μL volume was a threshold resulting in a 

decrease in contractile frequency. Overall, there was no 

statistical change in frequency in response to raw ginger root 

juice within the 5 min assigned measurement parameters (p = 

0.5343).  

 

 
 

Fig 3: Means ± SE changes in uterine contractile frequency in response to increasing volumes of applied raw ginger root juice. Although there is 
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a slight increase in frequency at the 20, 100, 500 μL applications, the differences are not statistically greater than the control treatment (p = 

0.5343, n = 14). 

 

3.4 Inhibition of uterine contractile activities in response 

to volume and time  

All tissue samples receiving the 1000 μL application of raw 

ginger root juice experienced a suppression of further motility 

after 5 min. In two of three sampled tissues, the relaxation of 

the tissue with little to no spontaneous motility began as early 

as 5 min (Fig 4). Tissues receiving 500 μL were also affected, 

but the earliest indication of relaxation did not occur until at 

least 20 min after treatment. Some of these same tissues were 

flushed at the end of the experiment in an attempt to washout 

the effect of the ginger root juice. These tissues did eventually 

return to their normal spontaneous motility patterns, with the 

500 μL treatment recovering sooner than the 1000 μL 

treatment. There were no contractile relaxation of any type 

observed in tissues that received the smallest treatment 

volumes of 20 and 100 μL (see Fig 1). 

 

 
 

Fig 4: A sample contractile waveform response as recorded from a single isolated mouse uterine horn, following the application of 1000 μL of 

raw ginger root juice. In this 35 min selection, the addition of the ginger juice resulted in an immediate strong contractile force of 53.61 mN 

compared to the contractile force of the spontaneous motility of 16.96 mN prior to treatment. However, 5 min after application, the magnitude of 

the spontaneous motility had decreased to 5.46 mN and disappeared altogether after 16 min. For analysis, the default y-axis was converted to 

mN based upon calibration of the force transducer 

 

4. Discussion 

4.1 A biphasic uterine contractile response from raw 

ginger root juice 
The application of raw ginger root juice (20-1000 μL) to 

isolated uterine tissues under resting baseline conditions 

resulted in an immediate increase in contractile forces that 

were nearly twice as great as the tissues endogenous 

spontaneous motility patterns. Increases in contractile 

frequencies were less remarkable. After 5 min, however, the 

500 and 1000 μL volumes of ginger root juice led to a 

complete inhibition of contractile activity. These observations 

would indicate that raw ginger root juice evoked a biphasic 

contractile response as a function of the amount of time the 

tissues are exposed to the treatment, as well as the volume of 

treatment given. The post 5 min inhibitory effects were 

successfully reversed after a tissue washout. 

Of unique interest to this project is the fact that Ghayur and 

Gilani [9] did not demonstrate any tissue contractile response 

following the application of ginger extract (up to 10 mg/mL) 

to rat uterine tissues under resting baseline conditions. At first 

glance, our study seemed to be in contrast with this research 

as we showed significant increases in the force of contractions 

at resting baseline conditions. Although not analyzed, it is 

possible that the mg/mL concentrations found in the volumes 

of raw ginger root juice used herein was greater than 10 

mg/mL. We do concur that our observed inhibition of 

contractile activity induced 5 min after the application of the 

raw ginger root juice in a mouse model, is likely due to any 

one or more of the receptor interactions reported and 

summarized as follows.  

 

 

 

4.2 The influence of ginger root on a uterine relaxation 

phase  
Ghayur and Gilani [9] determined that 0.03-0.3 mg/ml of 

ginger root extract evoked a dose-dependent relaxation of pre-

contracted (80 mM K+ induced) uterine muscle from rat 

tissues in vitro. Similar investigations using guinea pig 

tracheal preparations [9] as well as rat, mouse, and guinea pig 

ileum [8] led them to conclude that a calcium antagonist 

present in the ginger root constituent is responsible for the 

relaxant effects observed in pre-contracted tissues. Work by 

Borrelli et al. [15] indicated the inhibitory effect might also also 

be mediated antagonistically on cholinergic and vanilloid 

receptors on smooth muscle.  

Other studies have demonstrated that some of the pungent 

constituents found in ginger root such gingerol, shogaol, and 

galanolactone, act as antagonists of the 5-HT receptor, 

blocking the action of serotonin on smooth muscle [16, 17, 18], 

further advocating for ginger root’s relaxant effect. Since 

serotonin is an inducer of uterine contractions and operates 

through the 5-HT receptor [19] it would seem likely that these 

ginger constituents would act in a similar manner on uterine 

smooth muscle.  

Other pungent compounds isolated from ginger ([6]- and [10]- 

dehydrogingerdione and [6] - and [10] - gingerdione) have 

been show to be potent inhibitors of prostaglandin 

biosynthesis [20, 21] who play an essential mechanistic role in 

the contractions of uterine smooth muscle. 

 

4.3 The influence of ginger root on a uterine contractile 

phase  
Ghayur and Gilani [8] demonstrated that ginger root enhanced 

intestinal propulsion in a manner similar to that observed with 

the parasympathetic agonist carbachol. Using a phytochemical 
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analysis, they found alkaloids, saponins, and flavonoids all to 

be contained in their ginger root extract. Both alkaloids and 

saponins have been shown to evoke contractile activities on 

smooth muscle. For example, Akah et al. [22] has showed that 

some alkaloids and the saponins from Carica papaya root are 

capable of contracting isolated guinea pig ileum. A 

cholinergic-mediated system for the alkaloid contraction is 

indicated since these contractile responses were inhibited by 

atropine.  

Recently, it has been demonstrated that saponins isolated 

from the soap tree Quillaja saponin contract uterine tissues 
[23]. This is likely due to the hydrophobic aglycone moieties of 

the saponin molecules forming insoluble complexes with 

membrane cholesterol leading to saponin-cholesterol micelles 

that disrupt the lipid bilayer [24]. These disruptions result in 

invaginations and subsequent pore formation [25] likely 

allowing for the influx of Ca2+ ions as found in the DeJalons 

solution bathing the isolated tissues.  

The formation of soap bubbles is typically observed in aerated 

organ bath preparations that are receiving saponin-containing 

compounds. This was observed in similar experiments using 

Quillaja saponin [23] and the roots and rhizomes as found in 

blue cohosh Caulophyllum thalictroides [26] both evoking 

contractions in isolated uterine tissues from mice. The lack of 

bubble formation in our ginger root investigation may indicate 

that the saponin content may be lower in Zingiber officinale. 

It remains to be determined what affect isolated flavonoids 

have on isolated uterine smooth muscle, but they have been 

shown to inhibit both intestinal motility in mice [27] and 

contractility in guinea pig ileum [28].  

 

4.4 Variations in ginger root extract preparation.  

The preparation of the ginger root extract within these various 

studies may lead to the unique isolation or inclusion of 

different constituents. Ghayur and Gilani [9] soaked their 

samples in methanol or distilled water, and then concentrated 

them with a rotary evaporator to obtain separate methanolic 

and aqueous crude extracts of ginger (mg/mL). Both extracts 

did induce relaxation responses on the uterine tissues. Further 

separation of the aqueous extract, however, indicated that it 

was the organic fraction (from petroleum ether) that was 

responsible for the relaxation activity.  

The study herein simply used raw ginger root juice, filtered 

through cheesecloth, directly available from the root. It may 

be possible that raw ginger root juice, containing as much of 

the skin and pulp constituents in solution as possible, may 

have either 1) contained a greater proportion of contractile 

agents, or 2) exhibited a contractile synergy which was 

eventually overcome as the relaxation threshold for the tissues 

was met as a function of the time the juice was interacting 

with the tissue or as the volume of the juice constituents was 

increased.  

 

4.5 Variations in the ginger root itself 

The characteristic constituents of ginger root (% fatty oils, 

proteins, carbohydrates, raw fiber, ash, water, volatile oils, 

pungent substances) can vary based on their place of origin [29, 

30, 6] as well as their maturity at harvest, ranging from 6-20 

months [6].  

In an effort to use as much of the root constituents as possible, 

we did not peel or scrape the skin. Oil content and pungent 

flavor are greatest in roots that are not scraped. The secretory 

cells that produce these pharmacologic compounds are located 

in the cortex, often right under the cork covering, and can be 

lost in post harvesting if scraping occurs [6].  

5. Conclusion 

This discussion is timely for pregnant women who seek 

natural therapies during the labor process as opposed to the 

standard intravenous methods performed in hospitals that can 

lead to possible complications [31]. Midwifery techniques and 

herbal treatments such as blue cohosh (Caulophyllum 

thalactroides), black cohosh (Cimifuga racemosa), red 

raspberry leaf (Rubis idaeus) and castor bean (Ricinus 

communis) can provide alternative therapies for inducing or 

preparing the uterus for labor [5, 32]. All of these herbal 

supplements have been shown to contract the uterus in vitro 
[26, 33, 34, 35]. 

A suggested labor tincture from herbalist Susun S. Weed [5] 

includes ginger along with black cohosh, blue cohosh, and 

birthroot (Trillium spp.) to “initiate labor, strengthen 

contractions, unstall and stimulate labor, deal with exhaustion 

during labor, expel the placenta, and help control postpartum 

hemorrhage.” Ginger’s implied role is to increase energy 

available to the uterus [5]. With this in mind, we would 

recommend the revitalizing use of ginger root for calming 

uterine spasms rather than inducing labor. Its ability to be 

used as a relaxant [36] as well as possessing no central nervous 

system adverse effects when orally ingested supports its 

reliability for use in labor [37, 38].  
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