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Abstract
Although the accumulation of pharmaceutical drugs in aquatic bodies has increased rapidly in recent years, the effect of  rifampicin 
(RIF), a first-line anti-tuberculosis drug, on fish feeding, growth, and embryonic development is unknown. This investigation aimed 
to determine the impact of RIF on growth and embryonic developmental profile in the mosquitofish Gambusia affinis. Experimental 
groups included controls, which were kept in normal water for 21 days, whereas those in the second, third, and fourth groups 
were exposed to 50, 200, and 500 mg RIF/L water, respectively. The food intake rate and Specific Growth Rate (SGR) showed a 
concentration-dependent significant decrease in RIF-treated fish compared with controls, and a strong positive correlation was found 
between food consumption and SGR. A significant decrease in the number of embryos at an early stage of development and the total 
number of embryos in RIF-treated fish was associated with several congenital anomalies such as lack of vitellogenin accumulation, 
yolk sac regression, decreased pigmentation, aggregations of blood vessels, and curvature of the spinal cord compared with controls. 
Together, these results reveal for the first time that RIF treatment not only impacts feeding and growth, but also exerts potential 
teratogenic effect on embryonic developmental stages in the mosquitofish G. affinis.

1.  Introduction
Environmental pollution is becoming a serious threat to the 
lives of organisms throughout the world. Environmental 
pollutants comprise a wide range of chemicals, such as synthetic 
organic chemicals, gases from combustion, pesticides, heavy 
metals, and active pharmaceutical ingredients1,2. Among the 
pollutants, pharmaceutical components in the environment 
have become a matter of widespread concern because of their 
continuous and potentially subtle toxicity in different ways3,4. 
These chemicals enter the soil, surface water, and groundwater 
levels as unmetabolized or active metabolites from humans 
or animals excretory products5. Besides, improper disposal of 
unused medicines is also one of the key factors contributing 
to the occurrence of pharmaceuticals in the environment6. 
Active pharmaceutical pollutants are often designed to cross 
biological membranes, and therefore the rate of uptake and 
internal concentrations are critically important as they can 
even interfere with the embryonic development process7,8. 
Rifampicin (RIF) is a bactericidal antibiotic drug of the 
rifamycin group9, derived from Amycolatopsis rifamycinica10. It 

is used to treat several types of bacterial infections, including 
tuberculosis (TB), leprosy11, Mycobacterium avium complex12, 
and severe community-acquired Legionella pneumophila 
pneumonia13. The RIF is the most effective anti-TB drug 
used to treat TB patients in clinics14. A high dose of RIF has 
common side effects, including nausea, vomiting, diarrhea, 
loss of appetite, and liver problems or allergic reactions, 
whereas continuous use of this drug leads to further adverse 
effects, including abdominal pain, rashes, esophagitis, and 
other gastrointestinal problems15,16. Frequent use of RIF 
may contribute to an increase in its concentration in water 
supplies. Using the cloud point extraction method, linear RIF 
concentrations ranging from 4.12 to 81.41 mg/L have been 
detected in waste water bodies recently17. 

Our knowledge of the effect of RIF on reproduction and 
embryonic development is confined to only mammals, and 
these effects are equivocal in both male and female rats. The 
combined treatment of RIF with other anti-TB drugs such as 
ethambutol, isoniazid, and pyrazinamide in male rats causes 
an increase in oxidative damage with consequent suppression 
of the fertility index and lowers serum levels of Follicle 
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Stimulating Hormone (FSH), Luteinizing Hormone (LH), and 
testosterone associated with lower sperm counts18,19. Similarly, 
RIF treatment reduces the quality of sperm chromatin structure 
and motility20, but increases testosterone levels in male rats by 
stimulating the production of 17-hydroxylase in the testes21. 
On the other hand, while treatment of RIF in combination 
with TB drugs affects the weight or number of surviving 
foetuses concomitant with pre- and post-implantation embryo 
losses18,19,22, similar treatment causes an elevation in serum 
levels of estradiol, progesterone, and prolactin in rats19. 
Likewise, although the relative weights of the uterus and spleen 
are not significantly affected, the relative weight of the ovary 
is significantly decreased following oral treatment with RIF in 
rats23. In addition, treatment with RIF causes teratogenic effects 
and congenital anomalies in rats24,25, humans26,27, and birds28.

Reproduction in fish, like other vertebrates, is 
predominantly regulated by the Hypothalamic-Pituitary-
Gonadal (HPG) axis and a variety of environmental and social 
cues. Several forms of pharmaceutical drugs can disrupt the 
normal mechanisms of HPG axis function, leading to the 
failure of the reproductive success of fish. A few teleosts exhibit 
viviparity, which is characterized by the ability to give birth to 
live offspring. The ovaries of viviparous teleosts are associated 
with both egg production and gestation29. Gambusia affinis 
is a viviparous fish belonging to the family Poeciliidae that 
exhibits intraovarian gestation. It shows high fecundity and 
short gestation periods, and female G. affinis can store sperm 
for extended periods of time30. Upon successful completion of 
embryonic development, this fish directly gives birth to fries. 
Although studies in mammals have indicated both stimulatory 
and inhibitory effects of RIF alone or in combination with 
other anti-TB drugs on reproductive hormones and embryonic 
development, the influence of RIF on fish feeding, growth, 
and embryonic development is unknown. Therefore, the aim 
of this investigation is to determine the effect of different 
concentrations of RIF on feeding, growth, and embryonic 
development in G. affinis.

2.  Materials and Methods

2.1  Experimental Animals
Adult G. affinis was taken from ponds on the campus of 
Karnataka University, Dharwad. The fishes were transported 
to the laboratory and acclimated for one month under 
natural photoperiod conditions. Each aquarium (dimensions: 
60×60×16 cm; L×B×H; volume: 2L) included a sex ratio of 
ten females and four males. The fishes were given commercial 

pellets twice a day (Taiyo Pet Feed, Chennai, India). Aerators 
and aquatic plants were provided for the aquariums.

2.2  Experimental Procedure
Pilot studies showed that females with a regressed abdomen 
lack embryos, whereas females with a bulging abdomen have 
embryos. Only females with regressed abdomens from the 
stock were chosen for experimentation. Female fish weighing 
between 0.20 and 0.30 g were separated into four groups, and 
their Initial Body Weights (IBWs) were recorded. The fish in 
the first group (controls: n = 20) were maintained in normal 
water, whereas those in the second, third, and fourth groups 
(n = 20 in each group) were exposed to water consisting of 
50, 200, and 500 mg RIF (mol. formula, C43H58N4O12; CAS 
No: 13292-46-1; Salvavidas Pharmaceutical Pvt. Ltd., Gujarat, 
India)/L in separate aquaria for 21 days. Based on the results 
of the pilot trials, the concentrations were chosen so that all 
of the fish survived through the end of the experiment. Each 
experimental group comprised one replicate (n = 20 per group; 
n = 10 per replicate per aquarium). Water was replaced daily, 
and food was provided ad libitum.

The fish were kept under natural environmental conditions 
(photoperiod, 12.32 ± 0.08; water temperature, 22.25 ± 0.05; 
pH, 7.1 ± 0.05; dissolved oxygen, 6.05 ± 0.44). pH was measured 
with a professional digital pH meter, while water temperature 
was measured with a digital thermometer. Dissolved oxygen 
levels were estimated using Winkler’s method. The dry weight 
of uneaten food was recorded and used to calculate the amount 
of food consumed by fish in each aquarium. On day 22, the fish 
were anaesthetized with 2-phenoxyethanol, their Final Body 
Weights (FBWs) were recorded, and they were euthanized. A 
small incision was made on the abdomen, and the embryos 
were taken from the body of the fish and placed in 0.9% saline 
medium. Specific Growth Rate (SGR) was calculated using the 
formula: 100 x (FBW – IBW) / number of rearing days.

2.3  Identification and Scoring of Embryos
Embryos in various stages of development were determined 
using criteria previously available for this fish31. Embryonic 
development in G. affinis comprises the blastodisc stage, the 
shield stage, the optic cup stage, the early eyed stage, the mid 
eyed stage, the late eyed stage, the very late eyed stage, and the 
mature embryo, which culminates in the birth of juveniles. On 
the day of the autopsy, no early-stage embryos were observed, 
but the subsequent developmental phases are depicted in 
Figure 3A-H. Embryos of various developmental stages were 
assessed according to their morphological traits. During the 
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autopsy, embryos were also examined for abnormalities. The 
photomicrographs of the embryos were captured using a 
stereozoom microscope (Olympus, Japan).

2.4  Statistical Analysis
A one-way Analysis of Variance (ANOVA) followed by a 
post-hoc Student-Newman-Keuls test was used to assess the 
results. The significant difference between IBW and FBW 
was tested using the student t-test. Pearson’s correlation 
method was used to determine the relationship between food 
consumption and body weight, or SGR, while Pearson’s χ2 - 
test of homogeneity was applied to determine the variations in 
embryonic developmental stages across experimental groups. 
The statistical significance level was set at p < 0.05 for all 
comparisons. All statistical analysis was conducted with Sigma 
Stat 3.5 (Systat Software Inc., USA). 

3.  Results
A significant increase (p = 0.014) was noticed in the FBW 
compared with the IBW in the controls; however, no such 
statistically significant difference (p > 0.05) was observed in 
the 50, 200, or 500 mg RIF-treated fish (Figure 1A). The FBW 
did not differ significantly (p = 0.352) among the different 
experimental groups (Figure 1B). The food consumption 
rate and SGR showed a concentration-dependent significant 
decrease (p < 0.001) in 50, 200, or 500 mg RIF-treated fish 
compared with controls (Figure 1C and D). Analysis of Pearson’s 
correlation revealed no significant interaction between food 
consumption and body weight (R = 0.17; p = 0.294), but there 
was a strong positive correlation between food consumption 
and SGR (R = 0.827; p < 0.00001) (Figure 2A and B). 

Embryos belonging to different developmental stages, 
namely, early eye, mid eye, late eye, very late eye, mature 
embryo, and juvenile stages, were present in controls (Figure 
3A–H). Except for very late eye stage embryos and juveniles, 
the number of embryos in other stages of development, namely, 
early eye, mid eye, late eye, and mature stages, was significantly 
decreased (p < 0.01) in fish treated with RIF compared to 
controls (Table 1). Although the numbers of embryos in the 
early eye stage were higher in fish treated with 50 mg RIF, there 
was a decrease or absence of embryos in other stages (Table 1). 
The embryos in the early eye, mid-eye, and late eye stages were 
completely absent in fish treated with 200 or 500 mg RIF in 
contrast to their presence in controls (Table 1). Overall, the 
total numbers of embryos were significantly lower (p < 0.001) 

Figure 1.  Effect of different concentrations of rifampicin (RIF) 
treatment on body weight (A and B), food consumption (C), and 
Specific Growth Rate (SGR) (D) in G. affinis, ( ) – controls,  
( ) – 50 mg RIF, ( ) – 200 mg RIF, ( ) – 500 mg RIF-
treated. All values are means ± SE. One-way ANOVA followed 
by a post-hoc Student-Newman-Keuls test: groups with the same 
superscripts are not significantly different, whereas groups with 
different superscripts significantly (p < 0.05) differ from others. 
The significant difference (p < 0.05) between Initial Body Weight 
(IBW) ( ) and Final Body Weight (FBW) ( ) is tested using 
Student t-test (A).
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in fish treated with all concentrations of RIF compared to 
controls (Table 1). 

In addition, several abnormalities were also observed in 
RIF-treated fish. While the deformed yolk sac was commonly 
observed in the early eye, late eye, and mature embryo 
stages, the yolk sac was covered with pigmented granules in 
the juvenile in the 50 mg RIF-treated group (Figure 4A-D) 
compared to those of controls (Figure 3A-H). In fish treated 
with 200mg RIF, increased aggregations of blood vessels and 
incomplete formation of retinal pigments were noticed in the 
very late embryo stage (Figure 4E and F) compared to controls 
(Figure 3F). Similar blood vessel aggregation in the yolk sac 
persisted in mature embryos as well (Figure 4G), whereas 

juveniles treated with 200 mg RIF showed bending of the 
vertebral column along with pigmented granules in the yolk 
sac (Figure 4H) as opposed to controls (Figure 3H). In very 
late eye stage embryos, aberrant development and diminished 
pigmented granules were observed (Figure 4I), whereas 
improper fin formation and bending of the vertebral column 
at different angles were observed in mature embryos of fish 
subjected to 500 mg RIF (Figure 4J-L). Similar bending of the 
vertebral column and protrusion of the eyes were also detected 
in the juvenile stage in the 500 mg RIF-treated group (Figure 
4M and N) compared to their normal development in control 
fish (Figure 3H).

Figure 2.  Effect of different concentrations of Rifampicin (RIF) on food consumption vs. body weight (A) and food consumption vs. 
Specific Growth Rate (SGR) (B) in G. affinis. Pearson’s correlation method is used for the analysis of correlation (p < 0.05). No significant 
interaction (R = 0.17; p = 0.294) was observed between food consumption and body weight, whereas a strong correlation (R = 0.827;  
p < 0.00001) was found between food consumption and SGR.

Table 1.  Effect of Rifampicin on embryonic developmental stages in G. affinis

Experimental groups (n=10) Number of embryos in different developmental stages
Early eye Mid eye Late eye Very late eye Mature Juvenile Total

Controls 
RIF (50mg/L)
RIF (200mg/L)
RIF (500mg/L)

1
6
0
0

7
0
0
0

14
9
0
0

4
0
1
2

18
7
4
1

10
7
8
7

54
29
13
10

Chi-square test (df = 3) 14.14 15.75 25.17 5 22 0.75 45.9
p value p < 0.01 p < 0.01 p < 0.001 p > 0.05 NS p < 0.001 p > 0.05 NS p < 0.001

Note: RIF: Rifampicin; NS: Not Significant
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Figure 3.  (A–H) Photomicrographs showing the ovary and embryos in different stages of development in G. affinis. The ovary of controls 
(A and B) consists of previtellogenic (PVF) and vitellogenic (VF) follicles, and embryos in the early eye (C), mid eye (D), late eye (E), very 
late eye (F), mature (G), and juvenile (H) stages are seen. BV, blood vessel; Cf, caudal fin; Df, dorsal fin; Ey, eye; P, pigmented granules; Vf, 
ventral fin; VC, vertebral column; YS, yolk sac. Scale bar: A, G, and H, 1 mm; others, 2 mm.
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Figure 4.  (A–N) Photomicrographs showing the effect of 50 mg (A–D), 200 mg (E–H), and 500 mg (I–N) of rifampicin (RIF) on 
embryonic development in G. affinis. Note the degenerating yolk sac (YS) in the early eye (A), late eye (B), and mature embryo (C) stages; 
the yolk sac covered with pigmented granules in the juvenile (D) of 50 mg RIF-treated embryos. Increased aggregations of blood vessels 
(E) and incomplete formation of retinal pigments (F) in very late embryo stage and aggregation of blood vessels in the yolk sac (YS) in 
mature embryo (G), and bending of the vertebral column (VC) and yolk sac with pigmented granules (P) in the juvenile (H), are observed 
in the 200mg RIF-treated group. Abnormal development and decreased pigmented granules (P) in very late eye stage embryo (I), and 
aggregation of blood vessels (BV) in the yolk sac (YS) or degenerated yolk sac concomitant with abnormal fin formation and bending of 
the vertebral column (VC) in different angles in mature embryo stage (J, K, and L), bending of the vertebral column (VC), and protrusion 
of the eyes in the juvenile stage (M and N) are observed in the 500 mg RIF-treated group. Cf, caudal fin; Df, dorsal fin; Ey, eye; Vf, ventral 
fin; Pf, pectoral fin; scale bar, A-N, 1 mm.
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4.  Discussion
This study reveals the influence of RIF on feeding, growth, and 
embryonic development in a viviparous fish species. While 
the increase in fish body weight over time is indicative of their 
growth32, many aquaculturists employ SGR (% / day) to report 
fish growth33. In the present study, there was no statistically 
significant difference in FBW among the experimental groups, 
although the mean body weight gain was significantly greater 
in the control group. There was no significant difference 
between IBW and FBW in the 50, 200, and 500 mg RIF-treated 
fish groups, but the SGR was significantly lower in RIF-treated 
fish and decreased concentration-dependently in the 50, 200, 
and 500 mg RIF-treated fish groups compared to the control 
group. Therefore, the results of the present study suggest a 
reduction in growth in the mosquitofish due to RIF treatment. 
The decrement in growth might also be due to a lack of food 
availability, as the prolonged fasting decreased the body 
weights of the immature female Coho salmon Oncorhynchus 
kisutch34, the juvenile European sea bass Dicentrarchus labrax35, 
the common dentex Dentex dentex36 and the Nile tilapia 
Oreochromis niloticus37. In the present study, although no 
correlation was observed between food consumption and body 
weight, a significant positive correlation was noticed between 
food consumption and SGR. These data imply that the RIF-
induced suppression of feeding rate may have a deleterious 
effect on the growth of mosquitofish.

It is known that ovarian estrogen induces vitellogenin 
secretion in the liver38, which is then transferred via blood 
circulation and integrated into oocytes to form yolk material 
in fish39. The viviparous fish G. affinis undergoes intra-
ovarian gestation and is presumed to be mostly lecithotrophic, 
wherein the embryos would depend mainly on the yolk rather 
than maternal provisioning after fertilization40. Therefore, 
a significant reduction in the overall number of embryos 
or the absence of some embryos entirely at an early stage of 
development observed in the current study may be due to 
impairment in vitellogenin secretion following treatment with 
RIF in G. affinis. This inhibition can be accomplished by the 
depletion of energy due to RIF-induced suppression of food 
intake or the direct effect of RIF on vitellogenesis. Fasting 
is known to modify stored food, especially lipids, which are 
employed as an endogenous energy source for vital survival 
activities41,42. While the allocation of energy to reproduction 
depends on the total amount of available energy, an imbalance 
in stored food such as fat might negatively impact the 
deposition of vitellogenin in the eggs43. In the present study, a 
significant decrease in food consumption rate, as demonstrated 
by a concentration-dependent significant decrease in the 
feeding rate of RIF-treated fish, suggests a decrease in energetic 
allocation, leading to the depletion of embryos. Alternatively, 

vitellogenesis is also influenced by growth regulators such as 
insulin-like growth factor-1 (IGF-1) and growth hormone 
(GH)44,45. While GH acts as the primary regulator of IGF-1, 
a growth signal essential for the development of embryonic 
tissues, GH is also implicated in vitellogenesis in some fish 
species, such as the gilthead sea bream, Sparus aurata46 and 
the goldfish Carassius auratus47. Indeed, fasting decreased the 
levels of circulating IGF-1 and growth hormone GH in the 
farmed gilthead sea bream48. 

Environmental contaminants can induce anomalies in 
reproductive structures in fish49. Many researchers have 
observed the adverse effects of anti-TB medications on 
reproductive parameters and their potential teratogenicity. In 
the majority of studies, the effect of RIF combined with other 
anti-TB medications on the reproductive system has been 
investigated. The co-administration of RIF and other anti-TB 
drugs such as ethambutol, isoniazid, and pyrazinamide to male 
rats decreased the levels of sperm count, serum testosterone, 
LH, and FSH19, or increased DNA fragmentation, and 
decreased the fertilizing capacity associated with pre-and post-
implantation embryo lethality in females mated with anti-TB 
drug-treated males18. Similar treatment with RIF and isoniazid, 
either alone or in combination, decreased the foetal weight of 
female rats22 and negatively impacted the structure of sperm 
chromatin and sperm motility in male rats19. Furthermore, the 
treatment of RIF during early pregnancy contributed to the 
teratogenic effects and congenital anomalies in humans26,27. 
Treatment of RIF in humans during the gestation period 
resulted in congenital abnormalities, including anencephaly, 
hydrocephalus, and skeletal abnormalities, such as neural tube 
defects and limb reduction25,50–52. In mammals, although RIF 
treatment (200 mg/kg) in rabbits did not cause congenital 
abnormalities, treatment of rats with RIF (150 mg/kg) resulted 
in spina bifida, anencephaly, and a cleft palate24,25. In addition, 
injections of 2 mg/ml, 4 mg/ml, and 8 mg/ml RIF into the 
fertilized white leghorn eggs after 21 hrs of incubation followed 
by three days of incubation resulted in several anomalies, 
including a constricted heart with U-shaped loop, retardation 
of the brain vesicle, non-parallel neutral tube lines, and an 
opened posterior neuropore28. In the present investigation, 
increased aggregations of blood vessels and incomplete 
formation of retinal pigments in very late embryonic stages, 
bending of the vertebral column concomitant with pigmented 
granules in the yolk sac of juveniles, degenerative yolk sacs, 
or accumulation of the yolk sac with blood vessels following 
treatment with different concentrations of RIF indicate the 
teratogenic potential of RIF on embryonic developmental 
stages in the viviparous fish. However, the mechanism by 
which RIF induces the teratogenic effect remains unclear in 
fish. Further studies are required to elucidate this aspect.
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5.  Conclusions
This study indicates for the first time in viviparous fish that 
exposure to RIF significantly affects embryonic developmental 
stages and induces congenital defects comparable to those 
found in higher vertebrates such as mammals and humans. In 
addition, this study also reveals that RIF treatment may have 
a concentration-dependent impact on the feeding rate and 
growth of fish. 
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